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Abstract 

The constant changes in consumer demand, competition and challenges with the current pandemic situation would 
change the dynamics of the supply chain. Thus, in order to remain competitive, the challenge would be the ability to 
adjust by taking the right decisions at the right time in all nodes of the supply chain. Periodic optimization of the 
warehouse can contribute to this immensely. But, this needs to be done considering the limitations of the 
infrastructure of the facility as well as using a method that can be easily and timely used. Hence, the objective of this 
paper is to develop a model to optimize the warehouse operation using Generalized Reduced Gradient (GRG) 
Nonlinear modeling approach considering the existing constraints. The approach of the study would be to identify 
the variables and constraints involve in re-designing a warehouse, the objective function and determining the 
optimization model and finally evaluating the impact of the optimization model based on the changes in the 
variables and constraints in order to facilitate timely decision making. The proposed model can be periodically used 
by practitioners to analyze the different outcomes based on the changes in the variables. 
 
Keywords 
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1. Introduction 

In today’s globalization, market leadership is constantly evolving to be competitive in price and speed since 
customers expect cost reduction or effectiveness while being agile with more options in product variety. The 
challenge would be the ability to adjust by taking the right decisions at the right time in all nodes of the supply chain 
to achieve competitive advantage (E. Frazelle 2002). Periodic optimization of the warehouse can contribute to this 
immensely (Christofides and Colloff 1973), (Brito 2003), But, this needs to be done considering the limitations of 
the infrastructure of the facility (Buil and Piera 2008). Therefore, businesses would constantly focus on continuous 
improvement in production and distribution networks while optimizing the assets to its maximum.  

With the changes in market, business need to change its organizational strategies, which would be followed by the 
production/procurement strategies and in turn significantly impact the inventory. Therefore, the inventory policies 
would also be adjusted. Furthermore, warehouses within the supply chain contributes to 22% of the total logistics 
cost (Baker 2006). Thus, warehouse is one of the areas that can impact in optimizing the supply chain. 

Generally, different objectives such as the orientation of storage racks, the allocation of space among competing 
uses, the number of cranes, the overall configuration of the facility etc., are the optimize that a warehouse layout 
design would attempt (Önüt, Tuzkaya, and Doǧaç 2008). Cargo handling cost of 10 to 30 percent annually can be 
reduced through effective facility planning (Singh and Sharma 2006). But, since the infrastructure of the existing 
warehouse is static, continuous changes to the infrastructure and storage solution has its limitations due to its capital 
expenditure. As per (Hackman et al. 2001) the quality of the process design which is material and information flow 
within the warehouse is the only single consistent indicator for high productivity. The most significant way to 
improve the enterprise’s competitive edge is to improve the logistic processes, which are the inherent elements of all 
economic processes (Wasiak 2011). Therefore in-order to continuously maintain an optimum cost, the warehouse 
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processes options and re-arrangement of the layout would be considered (Buil and Piera 2008).  
This paper presents a comprehensive review of the different warehouse layout design problems, the approaches 

and the applicable scope area of the warehouse. Thereafter, based on the selective researches within this scope, a 
development of a model to optimizing the operation process of an existing warehouse, implementation of a test case, 
its validation and conclusions are drawn.  

 
2. Literature review 

2.1. Warehouse Layout Design Framework 
The storage facilities play different roles in the supply chain. They are known as warehouses, logistic centers, 

transshipment facilities, wholesale markets, container terminals, cross docking centers or consolidation centers 
(Hunedoara et al. 2017). Warehouse layout is the arrangement of the warehouse space considering the activities, 
features and relationship between them (Blanco et al. 2000).  

There are many important approaches being proposed on designing a warehouse which is summarized and 
derived as a conceptual framework by (Rupasinghe, S. Dissanayake 2018). Further, this framework was improved 
based on the practitioners inputs which is presented in (Dissanayake and Rupasinghe 2020). Thus this paper would 
follow this approach as well as focus on bridging the gap on the challenges provided by the practitioners on re-
designing a warehouse. The framework consists of 3 levels.  

1. Data Collection & preparation.  
2. Functional and technical specification - design of process and allocation of resources. 
3. Solution generation and optimization. 

 
2.2. Step 1 – Data collection and preparation 

This involves data collection, segregation of items based on storage condition and product nature. This is also 
known as functional classification explained by (Jacyna and Lewczuk 2015). It provides seven functionalities of a 
warehouse facility. Here, we would assume a single storage condition. 

 
2.3. Step 2 – Functional and technical specification 

This area involves defining the process and allocation of the resources. There are number of studies related to 
design and integration of different warehouse processes. The basic functions in a warehouse process is, receiving, 
put-away, storage, order picking and shipping (E. H. Frazelle 2002). Each of these functions/sub process could be 
broken down to multiple activities (Rouwenhorst et al. 2002).   

Receiving is the first function of the process. This includes unloading from truck at the dock, checking and 
acceptance of goods which is then transferred to staging. Transporting to from the staging to storage is known as 
put-away. In the storage function, storage area can be further divide into reserve area for storage of bulk products 
and the forward area, a relatively smaller area for fast order picking in order to optimize the storage area. In 
addition, a staging area could be allocated to synchronize the flow between receiving and storage as well as storage 
and shipping or for checking purpose. The order picking function is where the goods are retrieved from the forward 
area or reserved area based on order volume required and transferred to the staging to make ready for dispatch. At 
the staging area the orders are checked, sorted and packed based on requirement. Thereafter loaded to the respective 
trucks at the dock which is known as shipping.  

The activities of these functions require space for transport and temporarily storage, resources (labor and 
equipment) (Hackman et al. 2001), which shows a positive relationship with warehouse performance (Ramli et al. 
2017). These resource consume time and space (Kłodawski et al. 2017), and could be transformed to a financial 
value based on the Time driven Activity Based Costing approach (Everaert, Bruggeman, and Anderson 2008) which 
required the two parameters, which is the unit cost of supplying the capacity and the time required to perform the 
activity. While (Kłodawski et al. 2017) discuss the different problems in designing the processes in a warehouse, 
ECRS (Eliminate, Combine, Rearrange, Simplify), can be used to improve process (Kasemset, Pinmanee, and 
Umarin 2014).  There are many ways of implementing warehouse processes (Kłodawski et al. 2017). Hence, will 
generate multiple process options and the corresponding cost calculated based on the time taken to move between 
stages. Unlike in the static facility layout, the interaction between the different areas of the warehouse may change 
based on the process. Therefore, the required space for the areas and the requirement for it to be adjacent will 
change accordingly. (Cakmak et al. 2012) evaluates the time impact depending on the size of the warehouse and the 
orientation of the warehouse since the distance would differ.  
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Furthermore, the type of material handling equipment (MHE) used would also significantly impact the cost of 
handling within the warehouse. There are many MHEs in the market and continuously being developed.  (Hassan 
2010) present a framework of selecting MHE, explains the factors to be considered in a logistic facility to increase 
the competitiveness in line with accuracy, productivity and compliance.  

 
2.4. Step 3 – Solution generation and optimization 

As per  (Hutchison 2008), optimization is the process of discovering one or more solutions to minimizing (or 
maximizing) one or more objectives and satisfy all constraints (if any). Nearly 140 papers have been published on 
FLP (Facility Layout Problem) over the last 20 years (Singh and Sharma 2006). Modern warehouse facility layouts 
are designed based on studies related to optimizing a warehouse. Warehouse layout have been discussed for a long 
period of time where (Ashayeri and Gelders 1985) examines the literature and describes the problem followed by a 
survey and review.  

Review of different approaches are explained in the paper (Singh and Sharma 2006). (Montreuil 1991) Integrates 
layout design and material flow network with an objective of distance-based was used in a continuous layout. 
(Aleisa and Lin 2005) discussed the pros and cons of preceding layout planning after simulation and vice versa in 
layout optimization, which recommends carrying out an analytical model to optimize the layout prior to simulation. 
In conclusion, neither a pure analytical approach nor an approach that uses only simulation will lead to a practical 
design method. They suggest a combination of the approaches is likely to lead to a good design method. (Schuur, 
Peter, S. S. HERAGU, L. DU 2005). The difference in most of the research papers, lie in the objective function, 
algorithm and the scope of the warehouse operation. Below Table 1 shows a summary of literature on warehouse 
optimization.  

Table 1. Summary of mathematical approaches 
 
Author Algorithm Scope Objective 

(Singh and Sharma 2006) FLP (SA, GA) FLP Minimize Operating Cost 
(Hussain 2017) LP Network Minimize Transportation Cost 
(Shqair, Altarazi, and Al-Shihabi 
2014) Agent based Modelling Order Picking Minimize Travelling Distance 

(Paper et al. 2017) NP-Hard -->GA Storage Total distance and the other is the penalized 
earliness and tardiness 

(Emir Zunic et al. 2017) Heuristic Picking Minimize Travelling Distance 

(Battista et al. 2011) SLAP (Storage Location 
Assignment Problem) Storage Min. storage space & Material Handling 

times 
(Lee and Elsayed 2005) Non-LP Storage Maximize Storage Capacity 
(E Zunic et al. 2017) Predictive Algorithm Picking Minimize Travelling Distance 
(Cakmak et al. 2012) LP Dock & WH Size Minimum Number of Docks 
(Carlo, Giraldo, and Box 2010) Heuristic Storage Minimize Material Handling Cost 
(Önüt, Tuzkaya, and Doǧaç 2008) Particle swarm Optimization Storage Minimize Carrying Cost 
(Naik 2004) Clustering Storage Minimize Travelling Distance 
(Balakrishnan, Cheng, and Wong 
2003) Heuristic FLP Minimize Travelling Distance 

 
From an organizations point of view, the performance of a warehouse is based on service quality, delivery, cost 

and flexibility (Ramli et al. 2017). While the quality of the service and flexibility is a qualitative measure that 
depends on the competency of the people, the delivery and cost can be qualified.  Therefore, the main objective in 
optimizing the warehouse would be to minimize the overall cost and maximize the value (Emmett 2007). As per 
(James M., Meller, and John A. 2010), this dream has proven elusive. Further the “Industrial Handling Unit Matrix” 
defined by the author explains the alternative factors to be considered for different industries in case of pallet, case 
and each movement (inbound and outbound). In this paper, the handling unit considered will be the pallet. 

  
3. Model Description 

The biggest challenge for a warehouse operation is to provide the optimum service at the minimum cost. Based on 
a survey done in Sri Lanka, almost 90% of the warehouse cost is for handling the cargo against the storage cost of 
10% per day per Cubic Meter (CBM). Therefore, in a warehouse which has a high throughput, the warehouse 
operating cost will be very high. The cost consists of fixed and variable where the fixed cost of a warehouse are the 
assets that cannot be changed regularly and is considered as an investment. But, effective utilization of the assets 
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could contribute to the total effectiveness of the warehouse. Further, the operating cost, where majority of it is the 
labor cost and given its variability could be optimized. Therefore, the objective would be to optimize the total cost of 
the warehouse. 

The operation flow within the warehouse has many movement options. These options considered within this 
paper is shown in Figure 1. The goods received from the Inbound vehicle gets unloaded (01) to the dock (02) and 
there after it could be moved to staging (03 and 04) as an interim storage, directly moved to storage (primary or 
secondary which are also known as reserved area and forward area) (14) or directly moved to the out bound dock 
through the staging area (01, 02, 03, 10 11, 12, 13) which is known as cross dock. Similarly, the issuing goods get 
picked from the primary which are full pallets can be directly loaded (17) or temporarily stored in the staging area 
and moved to the dock to be loaded to the outbound vehicle (16, 10, 11, 12, 13). The goods picked from the 
secondary storage would be checked and packed at the staging and loaded to the vehicles (09,10, 11, 12, 13). The 
typical warehouse process is where the receiving is unloaded goods get staged at the staging area, moves to the 
storage known as put away. Issuing is where the goods get picked from storage, staged and loaded at the dock.  

The flow of goods would require labor, Material Handling Equipment (MHE), a source area and a destination 
area. Further the MHEs used for the handling of cargo at each stage would operationally differ based on it vertical 
movement and speed. This is not just utilizing the MHE but “effectively utilization” of the equipment. Further this 
can be applied to all the other resources used in the handling of goods within the warehouse.  

Depending on the type of racks used for forward area and the reserved area, a storage optimization for the 
allocation of the product mix and the optimum picking strategy can be derived using an approach given in Table 1. 
The output of these models which is the storage profiling of the products and the secondary area picking cost would 
be the input to this model which would define the optimum process flow and facilitate the layout orientation.  
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Figure 1. Warehouse process options 

 
4. Model Development 

The following notations will be used to formulate the model. 
I. j/l –material stage in the flow, j = 1,2….8   

j/l Stage 
1 Inbound Vehicle 
2 Dock 
3 Staging Area 
4 Reserve Storage 
5 Forward Storage 
6 Out Staging 
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7 Dock 
8 Out vehicle 

 
II.  - number of pallets moves from stage j to stage l  which are the decision variables and Integer 

III.  - Cost/min transported from stage j to stage l  where j ≠ l  
IV.  - Cost/min storage at stage j   where j = l 
V. Dj – Additional dwelling time at each stage j 

VI.  – Time in minutes taken to transport from stage j to stage l  where j ≠ l  
Or  

VII.  – Time in minutes of storage at stage l    

  = (  + Dj  /2   
This is the average time the product will dwell at the stage before it moves to the following stage.  

VIII.   = Total Cost per move from stage j to l  
IX. Ri – Receipt pallets per month 
X. Let us assume, a maximum of ULCD pallets could be cross docks 

 
Problem Definition 
Before carrying out the optimization, the problem must be first modelled (Hutchison 2008). Therefore, the first 

step is to formulate the optimization problems. The objective can be to optimize construction and maintenance cost, 
material handling cost, storage capacity, space utilization, equipment utilization, travel distance and/or flow  (Gu, 
Goetschalckx, and Mcginnis 2010) based on the storage. As per the approach, the first step is “Defining the 
Modelling Objectives” which is to “Minimize the total warehouse cost at the required service level by changing the 
parameters of the storage layout design”.  

Min Z = Handling Cost + Storage Cost 
Handling Cost =         where j ≠ l  (1) 

Storage Cost = =    where j = l  (2) 
Where the decision variable is  

 

Problem Constraints 
The space, material handling equipment, the inbound and outbound allocations for the primary and secondary 

areas, cross docking percentage would be constraints of the optimization model. The space allocated for staging for 
inbound and outbound can be adjusted. There is no constraint on labor that is used and can be sourced as a day 
wage. But, use of labor instead of automation/machinery would definitely increase the operating cost as well as 
time. Here we would determine, to what extend would the staging area be required and what the changes in the 
inputs that would determine the changes in these options. 
 
All pallets are integer value;   and R is integer 

All products received have to be unloaded from the vehicle to the dock.  
  =  R    where j=1 and l=2  (3) 
   0    otherwise  
All pallets will follow a forward sequential flow and not reverse 
  ≥ 0 where l>j   (4) 
   0    otherwise  
All pallets on the dock will be transferred to at least one of the other stages 

 = R       (5) 
All products received at each stage needs to move out of the stage 

 =      (6) 
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ULCD pallets need be cross docks (movement from inbound dock (stage 2) to out staging (stage 6)) 
 = ULCD    (7) 

Based on the optimization of the storage allocation, let us assume the following volumes of pallets are received and 
issued from the Reserved (RS) and Forward (FS) storage areas 

  = RSin  j ≠ 4, 5 (8) 
  = RSout  l ≠ 4, 5 (9) 
  = FSin  j ≠ 4, 5 (10) 

  = FSout  l ≠ 4, 5 (11) 
 
5. Implementation and Validation 

The above model applied to a real-life situation would assist to test the validity of the model and derive the 
conclusions based on the outcome. Firstly, the current operating model will be analyzed prior to optimizing. 15,254 
pallets of good arrive to the warehouse within 8 hours of the day for 24 days of the month. The warehouse contains 
the following areas and resources for the handling of goods. The existing resource capacity is shown in Table 2. The 
size of the warehouse is 80 m deep, where the average distances are shown in Table 3. 

 
Table 2. Existing resource capacity 

 
Areas Quantity UOM 

Docks 7 Dock 
Staging 460 Pallet Positions 
PP 7 Units 
RT 8 Units 
FL 3 Units 

 
Table 3. Distances between nodes 

 
Moves Average Distance (m) 
Dock--> Staging 10 
Staging --> P Storage 30 
Staging --> S Storage 42 
Dock--> P Storage 40 
Dock -->S Storage 52 
P Storage --> S Storage 50 

 
Each movement require an MHE along with or without an operator. These MHE options currently used along 

with their depreciation costs and speed are given in Table 4 and the cost per unit is calculated. Here the MHE’s 
considered are Powered Pallet Truck (PPT), Manual Pallet Truck (MPT) which could only move horizontally, Fork-
Lift (FL) which could vertically go up to 5 meters, Reach Truck (RT) has a vertical reach of about 10 meters and 
labor for manual work. The depreciation cost of the a MHEs are considered as the unit cost per month, its 
constraints which are speed, and lift on/off time and the operator cost is identified.  

Table 4. Warehouse resource specification 
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Unit Cost/Month 70,000 6,000 150,000 200,000 43,200 93,275 2,500 115 56.25 169 
Speed km/h 8 2.50 6 4 2.50      

Time to Lift-on & off (min) 0.5 1 1 2       

MHE Operator Cost/Month 35,000 25,000 50,000 80,000       

Space (Sqft) per Pallet       60 25 4.21 6.31 
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Total Cost 105,000 31,000 200,000 280,000 43,200 93,275 9,400 2,903 237 1,065 
Cost/Min 9.11 2.69 17.36 24.31 3.75 8.10 0.82 0.25 0.02 0.09 

 
Below in Table 5 are the resource used for each move and the time taken to at each stage based on the distance 

matrix given in Table 3. Movement from Dock to Storage could be done using a RT or a FL since the goods need to 
be put away to high elevated location. RT is needed to reach out to the primary storage which is higher than the 
secondary storage. Likewise, picking from these locations would require the respective MHE. The good could be 
moved from the dock to the staging using a PP or a MPT where the difference is in the speed and the cost of the 
machine. 

Table 5. Resource allocation 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
Furthermore, based on the storage allocation, following are movements into primary storage and secondary storage. 
• At most, 2% of the goods will be cross docked. 
• 64% to 80% of the goods received move into the primary storage and the balance into secondary storage. 
• 25% of the demand will move out from primary storage and the balance from the secondary storage.  
• Here, we assume that the receipt and issued volumes are the same. 

 
Based on this information, as per the current flow of products, the process is as below and shown in Table 6; 
o Inbound - Vehicle (15,254 Plts) Dock (15,254 Plts)  Staging (15,254 Plts)  Primary (12,203 Plts) 

/Secondary (2,807 Plts) Area  Replenishment from Primary to staging (8,390 Plts) 
o Outbound - picking from Primary to staging (3,813 Plts) and secondary to staging (11,197 Plts) Staging to 

dock (15,254 Plts)  Dock to Vehicle (15,254 Plts) 
o Therefore, the current processing cost can be calculated as LKR 1,368,001,183 (1.368 million). 

 
Table 6. Current Stage: Material flow (Xjl) 

 
 In 

Vehicle 
In Dock 
(Lever) 

In 
Staging 

Primary 
Storage 

Secondary 
Storage 

Out 
Staging 

Out 
Dock 

Out 
Vehicle 

In Vehicle  15,254       

In Dock  15,254 15,010 -  244   

In Staging   15,010 12,203 2,807    

Primary Storage    12,203 8,390 3,813   
Secondary 
Storage     11,197 11,197   

Out Staging      15,254 15,254  

Stage Moves 
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Unloading/Loading - Stage 1 0 0 0 0 1 1 0 0 0 4.50 
Unloading/Loading - Storage 1 0 0 0 0 1 1 0 0 0 5.20 
Dock --> Storage (RT) 0 0 0 1 0 0 0 0 0 0 5.20 
Dock --> Storage (FL) 0 0 1 0 0 0 0 0 0 0 3.13 
Dock <--> Stage (PPT) 1 0 0 0 0 0 0 0 0 0 1.15 
Dock <--> Stage MPT) 0 1 0 0 0 0 0 0 0 0 2.48 
Staging  0 0 0 0 0 0 0 1 0 0 20.00 
Primary S 0 0 0 0 0 0 0 0 1 0 1.00 
Secondary S 0 0 0 0 0 0 0 0 0 1 1.00 
Primary --> Secondary (RT) 0 0 0 1 0 0 0 0 0 0 5.50 
Putaway - Staging --> Storage (RT) 0 0 0 1 0 0 0 0 0 0 4.90 
Putaway - Staging --> Storage (FL) 0 0 1 0 0 0 0 0 0 0 2.85 
Direct Loading (Storage to Dock) 0 0 1 0 0 0 0 0 0 0 5.27 
Picking (P Storage --> Staging) (RT) 0 0 0 1 0 0 0 1 1 0 5.27 
Picking (S Storage --> Staging) (FL) 0 0 1 0 0 0 0 1 0 1 2.60 
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Out Dock       15,254 15,254 
Now, applying the model, the optimization function is the Handling cost throughout the process + storage at the 

different stages based on Eq. 4 and 5. The cost of each stage (storage and Transport can be shown in a matrix as in 
Table 7 and the corresponding time for each stage is shown in the matrix Table 8. 

Z =  

Table 7. Stage wise storage or handling cost (Cjl) 
 

Cost/ Move 
Cost/ Sitting 

In 
Vehicle 

In Dock 
(Lever) 

In 
Staging 

Primary 
Storage 

Secondary 
Storage 

Out 
Staging Out Dock Out 

Vehicle 
In Vehicle  81.12       

In Dock  35,162 6.67 126.39 54.36 10.48   
In Staging   10,716 119.10 49.45    
Primary Storage    - 134 129 129  
Secondary Storage     - 46   
Out Staging      6,236 10.48  
Out Dock       37,341 56.01 

 
Table 8. Stage wise storage or transfer time (Tjl) 

 
Time (Minutes)/ 

Move OR Store 
In 
Vehicle 

In Dock 
(Lever) 

In 
Staging 

Primary 
Storage 

Secondary 
Storage 

Out 
Staging 

Out 
Dock 

Out 
Vehicle 

In Vehicle  4.50       

In Dock   1.15 5.20 3.13 1.15   

In Staging    4.90 2.85    
Primary Storage     2.00 5.27 5.27  
Secondary Storage      2.60   

Out Staging       -  

Out Dock        6 

 
The constrains for the model based on storage solution Eq. 1, 2 and 3 are, 

  = 12,203   Inbound to Primary storage 

  = 12,203 Inbound to Secondary from dock/staging 

          =     244 Cross Dock capacity 
  = 3,813 Outbound from primary storage to dock/staging 
  =11,196 Outbound from secondary storage 

 
The constraints based on the model, 

= 15, 254 all goods need to be received 
    

 =     all goods received to a stage need to move out of the stage   
Using solver in Microsoft Excel, the optimization function can be defined as per Figure 2. The model has an 

optimum solution where the constraints are satisfied. This is shown in Table 9. 
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Figure 2. Microsoft Excel Solver 
  

Table 9. Optimum solution (Xjl) 
 

 In 
Vehicle 

In Dock 
(Lever) In Staging Primary 

Storage 
Secondary 
Storage 

Out 
Staging 

Out 
Dock 

Out 
Vehicle 

In Vehicle  15,254       

In Dock  15,254 12,203 - 2,807 244   

In Staging   12,203 12,203 -    

Primary Storage    12,203 8,390 - 3,813  

Secondary Storage     11,197 11,197   

Out Staging      11,441 11,441  

Out Dock       11,441 15,254 

 
Based on the optimum solution, the optimum cost would be LKR 1,253,942,212 which is an 8.3 % saving 

compared to the current operating process. Here the change in the recommended process is to move the goods 
directly from the dock to the Secondary storage area as a direct put away instead staging it. Also, The Primary picks 
to be taken directly to the dock instead staging. These change in the process brought about approximately 8% of 
saving in cost. We could further look at different scenarios where the staging area is restricted and determine the 
resources and corresponding cost impact. In Table 10 is the result from five different scenarios. The first being the 
current operational process, scenario 2 the optimum. Scenario 3 to 5 determines the reduction in staging space. But 
this would impact an increase in some MHE as well the process. 

 
Table 10. Scenario analysis 

 
Scenarios Description Constraint Total Cost Docks  

(In & Out) 
Staging (Pallet 
Positions) RT FL PPT 

Scenario 1 Original  1,368,001,183 14 458  9   4   8  

Scenario 2 Optimum without constraints 1,253,942,212 14 320 8  9   3  

Scenario 3 with Staging Constraint 300 1,257,566,789 14 300  9   3   9  

Scenario 4 with Staging Constraint 200 1,286,830,773 14 200  9   3   10  

Scenario 5 with Staging Constraint 100 1,364,997,903 14 100  9   3   11  

 
6. Discussion and Conclusion 
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Based on the research articles, the objective of many papers are to optimize the primary or secondary storages or 
to optimize the picking function for a new warehouse where there is no constraint in the number of material 
handling equipment, the docks or staging space used. In addition very few papers focus on the overall process of the 
warehouse operation.  

 Nature of the supply chain is dynamic and changes base on the consumer demand, competition, supply 
availability and environmental factors. The ability to optimize the warehouse periodically based on the changes to 
the supply chain parameters could go a long way for the growth and sustainability of a company. Changes that can 
be done periodically is limited. The process of the warehouse is one of them.  

This paper follows a Non-Linear Programming approach to determine the optimum process of handling goods 
within a warehouse in order to reduce the overall cost considering its resource constraints. The inputs are the 
volumes handled, the resources used, and the cost of the resources. The output from the storage allocation 
optimization model will also be an input to this model. With increase of volumes, staging area is continuously being 
challenged due to the un-utilization of the vertical space. Therefore, this model can be used to decide the optimum 
solution, the resource capacity required for the optimum solution, the impact, if the required resources are not 
deployed or the impact with a different type of MHE. The optimum cost of LKR 1,253,942,212, satisfying the 
constraints were be obtained against the original cost of LKR 1,368,001,183 with the change in the process as per 
Table 10. This is a saving of 8.3 % from the original process cost. Therefore, this model can be used in any 
warehouse operation to identify its optimum operation flow which would help in increasing the profitability of the 
business. Further, we could compare the optimum solutions against the restriction of staging area. The impact of the 
staging area is shown in Table 11. Here the limitation of the required staging area will have an impact on the total 
cost. 

 
Table 11. Optimum material flow with 100 pallets constrained staging area 

 
 In 

Vehicle 
In Dock 
(Lever) 

In 
Staging 

Primary 
Storage 

Secondary 
Storage 

Out 
Staging 

Out 
Dock 

Out 
Vehicle 

In Vehicle  15,254       
In Dock  15,254 9,103 3,100 2807 244   
In Staging   9,103 9,103 -    
Primary Storage    12,203 8,390 - 3,813  
Secondary Storage     11,197 11,197   
Out Staging      11,441 11,441  
Out Dock       11,441 15,254 

 
This model developed to a template can be used by practitioners as a simple tool for continuous improvement 

within the warehouse. By adding the complexity of the picking which is line-pick and latest MHE options such as 
AS/RS, AGV and even process methods in WMS (Warehouse Management Systems) such as task-interleaving and 
RF (Radio Frequency) could further improve this model. 

Warehouse optimization is achieved when customer is satisfied in receiving the order completely and in a timely 
manner and where the warehouse cost is at its minimal (Karasek 2013) by using the space, resources and time 
efficiently. Since the objective involves three dimensions, which is accuracy of the order, timeliness and cost, the 
optimization model would require to satisfy multi objectives. As a future paper, this model could be improved to 
satisfy this multi-objective optimization.  
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