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Abstract- Storage activities typically account for 20% of the logistics costs. Management has two main options 
available in terms of product storage i.e. using an in-house private storage or using publicly owned storage 
facilities. Typically, a company would use a cost effective hybrid strategy in the middle of these two pure 
options. An important decision, therefore, is to decide the level of private ownership and the level of 
outsourcing based on accounting cost considerations. The present paper conducts a costing analysis and suggests 
an optimal strategy to address this decision. 
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I. INTRODUCTION 
 
The storage and handling activities consume a 
substantial portion of the supply chain costs and 
therefore, they are considered an important area for 
cost improvement. Although, one of the distribution 
strategies for manufacturers could be a direct 
shipment from plants to customers or retailers, but 
such a strategy is not cost efficient from a 
transportation cost view. A company would typically 
have a large number of customer sites and retailers on 
its network. Sending less-than-truck-load (LTL) 
shipments over a diverse geographic network is not 
only expensive but it also requires a company to main 
a very large fleet of vehicles. Therefore, companies 
use warehouses and distribution centers which can 
not only act as the consolidation points but can also 
perform light assembly and packaging work to delay 
the product differentiation. Therefore, warehouse 
facilities play an important role in a supply chain 
network. These facilities add time value, place value, 
sometimes form value and enhance the product 
handling at these facilities. 
 
Private and public warehousing are the two main 
options available to the management. However, a 
number of hybrid strategies also exist between these 
two options which would be a combination of certain 
percentage of public and private warehousing in each 
month. Public warehouses are usually owned and 
operated by third parties and they can be rented for a 
short-term. Customers pay a rental or user fees that is 
computed based on a per square or cubic footage 
rates. The biggest advantage of a public warehouse is 
no fixed capital investment required in terms of real 
estate purchase, material handling, equipment and 
training costs. Most of the cost to a customer is a 
variable cost for warehouse usage. These types of 
warehouses are particularly attractive to companies 
that are penetrating into newer markets; companies 
that prefer greater flexibility in switching from one 

market segment to the next and don't want to live 
with the liability of a long-term commitment and the 
prohibitive cost of a warehouse change-over; 
companies that have a seasonality factor built into 
their demand and supply side. Furthermore, from an 
accounting perspective, storage payments based on 
volumetric measures help to accurately predict the 
logistics costs and hence the product costs. From an 
administrative perspective, this warehouse option 
involves minimal labor dispute and union conflicts; 
and therefore results in considerable savings in terms 
of management effort. With a substantial portion of 
product storage activities handled in public 
warehouses, volume and consolidation factors makes 
it possible for warehousing experts to operate in a 
cost effective manner. Additionally, at a reasonable 
cost, the customer company can access specialized 
features such as packaging, break-bulk, temperature 
controlled storage, security, dedicated bays, special 
handling of fragile parts etc. On the downside, public 
warehouses mainly provide localized services and 
operate at a smaller scale. Therefore, they may not 
have the space availability during peak times, IT 
infrastructure and data transfer capabilities needed by 
the bigger companies to integrate their supply chains. 
On the other hand, private warehousing (also known 
as proprietary warehousing) is usually managed as a 
business entity within the same company. It requires 
a substantial corporate investment in land, building, 
equipment and warehouse employees. Private 
warehousing option allows a firm greater control over 
inventory management, material flows and space 
utilization. It provides product visibility while the 
product is in storage, therefore, making it easier to 
integrate the storage function with the other functions 
of company's logistics network design. Private 
facilities can be expanded or renovated to allow the 
storage of products after a major design change. In 
addition, the company keeps on reaping the benefits 
of real estate appreciation while getting the 
depreciation tax shelters on buildings and equipment. 
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Furthermore, channelizing the product through its 
private warehousing, a firm projects the image of 
stability and permanence with lasting operations, a 
factor which accords well with future partners in the 
supply chain. The major drawback is the substantial 
investment in capital and equipment needed to 
operate the supply chain. Larger facilities stay under-
utilized during a period of low demand. Many firms 
seek to alleviate this drawback by renting out under-
utilized space but at the cost of loosing valuable 
flexibility to respond to sudden surge in market 
demands and changing customer preferences. 
Warehouse ownership is a risky proposition and there 
is always a chance that the firm may experience 
difficulties in selling it at a later stage due to factors 
such as warehouse customization and recession in the 
real estate market. This limits the agility of a 
company to pursue newer business opportunities and 
keeps its capital tied up in an unnecessary venture. As 
evident from this discussion, there are pros and cons 
of both private and public warehousing. At a time 
when the rates of returns on real estate investments 
become comparable with other investment 
opportunities, a viable approach for many companies 
is to use a combination of private and public 
warehousing. Such an approach uses a minimal 
private warehousing option to store stable and 
uniform inventory levels while any demand 
fluctuation and uncertainty is outsourced to public 
warehouses. Then the crux of the problem is to decide 
how much warehouse space to own and how much to 
outsource. The present paper endeavors to address 
this important strategic level decision problem. 
 
 II. LITERATURE REVIEW 
 
Traditionally, the warehousing sizing problems have 
been dealt with a storage capacity and customer 
service perspective where the total cost is minimized 
while maintaining a desired customer service level. A 
review of such optimization model is available in 
Cormier and Gunn (1996). Cormier and Gunn (1996) 
also modeled the private versus leased space trade-off 
under the assumption of constant product demand. 
One finding of this work is the realization that leasing 
is significantly more beneficial when the warehouse 
size is tightly constrained. The dynamic version of 
warehouse capacity models as an extension of the 
plant capacity model was considered in Manne and 
Veinott (1967).  A review of such capacity expansion 
models is available in Luss (1982). White and Francis 
(1971) examined the problem of determining 
optimum size under conditions of deterministic and 
probabilistic storage demand. The latter is formulated 
as a linear programming problem and transformed via 
duality theory into an equivalent network flow 
problem for efficient solution. Costs considered in 
White and Francis (1971) model are warehouse 
construction costs, storage of products within the 
facility and storage demand outsourced. Hung and 

Fisk (1984) also provided a linear programming 
formulation for finding the economical size of 
warehouses. The general warehouse design 
methodology under which the current problem exists 
as a sub-problem, has been addressed by Ashayeri 
and Gelders (1985). Bhaskaran and Malmborg (1990) 
express the economic trade-offs in designing reserve 
storage areas in warehouses. Giles and Eldon (1992) 
provide a review of general warehousing models in 
operations research. Rao and Rao (1998) discuss the 
economic warehousing sizing problem under seasonal 
demand. Rao and Rao (1998) present extensions of 
the warehousing sizing model including time varying 
costs, economies of scale in capital expenditure, 
concave costs, stochastic versions etc. Goh et. al 
(2001) model considers a warehousing sizing 
problem whose objective is to minimize the total cost 
of ordering, holding and warehousing of inventory. 
The warehouse cost structure examined herein is not 
the unit rate type, but rather a more realistic step 
function of the warehouse space to be acquired. 
Petinis et. al (2005) considered multi-product case as 
a non-linear warehouse sizing problem with the 
objective to express the minimizing of inventory 
ordering and holding costs and solved it using 
successive quadratic programming procedure. Baker 
and Canessa (2009) review the literature concerning 
various steps and the associated tools in warehouse 
design and this review covers period 1973 to 2006. 
As evident from the above survey, the issue of 
warehouse sizing has not been extensively dealt with 
in the past work. There are only a few publications 
(discussed above) available on the sizing issues in 
warehouses. The general issue of warehouse design 
has received very little attention (Ashayeri and 
Gelders, 1985; Rowley, 2000;  Rouwenhorst et al., 
2000). The present paper considers the warehouse 
sizing problem when public warehouse option is 
available. The contribution of the present paper lies in 
presenting a linear programming formulation and 
solution algorithm for the warehousing sizing 
problem and can be used as an alternative to 
approaches such as Ballou (1974) and Hung and Fisk 
(1984). The solution algorithm in the present 
approach is simple and easy to understand and can be 
effectively used as a classroom tool to introduce 
warehouse capacity optimization decisions. 
 
III. THE COST MODEL 
 
Let, 
 
T =  number of discrete time periods in the 
warehouse demand planning horizon. 
t =  time index in the planning horizon.  t=1, 
2,......., T. 
X =   private warehouse space ownership (in square 
feet). 
Xt =  forecasted warehouse space requirements in 
time period t (in square feet). 
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K=  number of time periods where demand exceeds 
the private ownership, thereby necessitating rental or 
outsourcing option. 
Rt =  warehouse space rented in time period t. 

     T.....,1,2,......for  t   ,   
otherwise   0,

 X  for     , X - 
  XX

R tt
t 



 

  

Pt = private warehouse space under-utilization in 
time period t. 

     T.....,1,2,......for  t   ,   
otherwise   0,

 X  for     ,  
  XX - X

P tt
t 



 

  

Ot =  operational utilization level of private 
warehouse in time period t. 
f =   fixed cost of warehouse ownership per square 
foot  per unit of time. Such an estimate can  be 
conveniently obtained from real estate parametric 
estimation over the useful life of warehouse. 
v =   variable operational cost  of private warehouse 
per square foot per unit of time. 
r =   variable rental cost  of public warehouse per 
square foot per unit of time. 
Yt =  a binary variable which takes a value of ‘1’ 
when rental space is required in time period t and it 
takes a null value when no rental space is needed. 
 

     T.....,1,2,......for  t     ,        
otherwise   , 0

 X  for     , 1 
   X

Y t
t 



 

  

 
IV. LINEAR PROGRAM 
 
        The linear program for this problem can be 
expressed as follows. 
 




T

1t
t

T

1t
t R  . r O  . vT .X .  fZ  Minimize (1) 

 
        This model represents the minimization of three 
cost components: the fixed cost of private warehouse, 
the variable operational cost of a private warehouse 
and the variable rental cost of a public warehouse, 
subject to the following constraint: 
 

   T.1,2,.....,  t allfor    ,  X   P  R   X tt t  (2) 

     T.....,1,2,......for  t    ,  Y . M  R tt  3) 
     T.....,1,2,......for  t    , )Y 1 ( . M  P tt  (4) 
   T.1,2,.....,  t allfor    , 0  O  P  X tt  (5) 

      Ot  , Rt  , Pt  , X ≥ 0 ;  Yt : binary. 
 
Constraints set (2) is a space balance constraint that 
ensures the total space requirements is the sum of 
warehouse space owned, plus warehouse house space 
rented minus any underutilization of space 
ownership. It may be noted that when rental space is 
needed (i.e. when Xt ≥ X or when Rt ≥ 0) in the time 
period t, the private warehouse underutilization level 
is zero (i.e. Pt =0). On the other hand, when we 

experience private warehouse underutilization (i.e. Xt 
≤ X or Pt  ≥ 0), the corresponding warehouse rental 
space must be zero (Rt = 0). Constraint sets (3) and 
(4) essentially model these if-then types of situations. 
Parameter ‘M’ in constraints (3) and (4) represents a 
very large number. The value of M should be chosen 
such that it is greater than the peak warehouse 
requirements i.e. M ≥ max (Xt). Constraint set (5) is 
another space balance constraint for private 
warehouse space that ensures that operational level of 
private warehouse is equal to the space ownership 
level minus the space under-utilization in that time 
period. 
 
V. COSTING ANALYSIS 
 
The above linear program can be conveniently solved 
for smaller size problems, but since the strategic 
ownership decisions are long term decisions, they 
involve longer planning horizons which can 
significantly increase the size of the problem. Even 
for a small sized problem consisting of 12 months 
(periods) in a year, the problem consists of 48 
constraints. The problem size in terms of number of 
constraints increases linearly w.r.t. number of time 
periods. The problem size can be somewhat reduced 
by bringing constraint (5) into the objective function. 
However,  we suggest an optimal solution procedure 
to solve large sized problems.  
Using the notation given in earlier section, the 
problem can be represented as the minimization of 
total cost function, TC,  given below: 
 


   ) X-  . r ) , (  min . vT .X .  fTC X(XX t

XX:t
T

1t
t

t


    (6) 

 
      The summation operators in equation (6) can be 
expanded to give equation (7) as follows. 
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     (7) 
        As per the notation, warehouse demand exceeds 
the private space ownership during K time buckets, 
therefore, the above equation can be modified as 
follows. 
 

 
 K   X. . r    )  . r   ) . v  K   .  X. vT .X .  fTC X(X( t

XX:t

t
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 (8) 
 Since the total cost function is convex over X,  an 
optimal point can be obtained by setting the partial 
derivative w.r.t. X equal to zero.  
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Therefore, the optimal warehouse space ownership 
should be chosen such that the optimality condition 
given in relationship (9) is satisfied. It may further be 
noted that when the per square foot rental cost (r) is 
lower than the ownership costs (f + v), the common 
sense solution is to rent all the space during all the 
periods. Therefore, we discuss the model for those 
situations when  r ≥ (f + v).  
Case 1. When r =f + v, this type of cost structure 
gives K equal to T as per optimality condition (9). 
This calls for outsourcing the demand fluctuations in 
all the time periods to public warehouses as such a 
solution can not afford any warehouse under-
utilization. Therefore, the optimal strategy in this case 
requires setting the private warehousing space to a 
certain minimal stable demand level, i.e. X ≤ min (Xt 
).  
Case 2. When r > f + v, this cost structure implies K 
less than T as per optimality condition (9).  This 
optimality strategy requires a portion of demand 
fluctuations in certain time periods to be handled 
through private warehousing and the rest is 
outsourced to public warehouses. An optimal 
equilibrium point exists where the total cost is 
minimized. If the owned space is increased beyond 
this optimal point, incremental cost of facility under-
utilization forces it back towards equilibrium. On the 
other hand, if warehouse ownership is reduced from 
this optimal point, the marginal cost savings of 
private warehouse as compared with the rental option, 
again pushes it towards optimal point. Such an 
optimal value of warehouse ownership lies between 
min (Xt ) ≤ X ≤ max (Xt ).  The exact value of this 
optimal warehouse ownership space corresponds with 
the optimal point given in condition (9). Below, we 
provide a sorting procedure to obtain this optimal 
value of space ownership. 
 
Proposed Solution Procedure 
Step 1.   Obtain the optimal value of K using 
formula (9). 
Step 2.   Sort the entire data set, Xt  in the 
descending order. 
Step 3.   Find the Xt value at K+1th   position in the 
sorted data set. 
Step 4.   Set optimal value of X equal to the  Xt 
value identified in step 3.  
Step 5.   Compute the rental level in month t, i.e.  
Rt = max (0, Xt – X). 

Compute 


T

1t
tR  . 

Step 6.   Compute operational level of private 
warehouse in month t, i.e. Ot = min (X, Xt ). 

Compute 


T

1t
tO  . 

Step 7.   Compute the total optimal cost, 

  .  .   .  . .
11

 r vTX  fTC
T

t
t

T

t
t RO 


  

The above solution procedure has been modeled in 
Microsoft Excel and can be conveniently used to 
solve large sized problems in an optimal fashion. 
 
VI. CONCLUDING REMARKS 
 
The present paper addresses the warehousing option 
decision for product storage. There are two main 
options available to the management in terms of 
public warehousing and private warehousing. 
However, the optimal strategy is often a mix of these 
two options by maintaining a certain level of 
warehouse ownership and outsourcing any 
fluctuations to public warehouses. The main decision, 
therefore, is to decide how much space to own. The 
present paper modeled and solved this decision 
problem. The approach is convenient to learn and can 
be effectively used as a classroom tool to teach 
warehouse sizing and capacity optimization. Several 
other extensions of the model are also possible. The 
paper mainly deals with a static warehousing problem 
which maintains a constant private storage space. One 
possible extension of this work is to modify the 
model for dynamic situations where private 
warehouse space is allowed to vary.  
 
REFERNCES 
 

[1]. Ashayeri, J. & Gelders, L.F. (1985), Warehouse design 
optimization, European Journal of Operational Research, 
21, 285-294. 

 
[2]. Baker, P., & Canessa, M. (2009), Warehouse design: a 

structured approach, European Journal of Operational 
Research, 193, 425-436. 

 
[3]. Ballou, H.R. (1974), Business logistics management, 

Englewood Cliffs, N.J.: Prentice Hall. 
 
[4]. Bhaskaran, K. and Malmborg, C. J. (1990), Economic 

tradeoffs in sizing warehouse reserve storage area, Applied 
Mathematical Modeling, 14(7), 381-385. 

 
[5]. Cormier, G.,  & Gunn, E. A. (1996),  Simple models and 

insights for warehouse sizing, Journal of the Operational 
Research Society, 47, 690-696. 

 
[6]. Giles, C., & Eldon, A.G. (1992), A review of warehouse 

models, European Journal of Operational Research, 58, 3-
13. 

 
[7]. Goh, M., Jihong, O., & Piaw, T.C. (2001), Warehouse 

sizing to minimize inventory and storage costs, Naval 
Research Logistics Quarterly, 48(4), 299-312. 

 
[8]. Hung, M.S., & Fisk, J.C. (1984), Economic sizing of 

warehouses : a linear programming approach, Computers & 
Operations Research, 11(1), 13-18. 

 
[9]. Luss, H. (1982), Operations research and capacity 

expansion problems: a survey, Operations Research , 30 (5), 
907-947. 

 
[10]. Manne, S.A., & Veinott, F.A. Jr.(1967), Optimal plant size 

with arbitrary increasing time paths of demand, In S.A. 
Manne (Ed.), Investments for capacity expansion - size, 
location and time phasing, (pp.178-190), George Allen & 
Unwin. 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-3, Issue-2, Feb.-2017 
http://iraj.in 

A Costing Model for Out-Sourced Versus in-House Product Storage 
 

64 

[11]. Petinis,V.,  Tarantilis, C.D., & Kiranoudis, C. T. (2005), 
Warehouse sizing and inventory scheduling for multiple 
stock-keeping products,  International Journal of Systems 
Science, 36(1), 39-47. 

 
[12]. Rao, A. K., & Rao, M. R.  (1998), Solution procedures for 

sizing of warehouses, European Journal of Operational 
Research, 108 (1), 16-25. 

 

[13]. Rouwenhorst, B., Reuter, B., Stockrahm, V., Van-Houtum, 
G., Mantel, R.,  & Zijm, W. (2000), Warehouse design and 
control: framework and literature review, European Journal 
of Operational Research, 122(3), 515-533. 

 
[14]. Rowley,J.(2000), The principles of warehouse design, 2nd 

ed, The Institute of logistics & Transportation, Corby. 
[15]. White, J.A., &  Francis, R. L. (1971),  Normative models 

for some warehouse sizing problems, IIE Transactions, 3(3), 
185-190.  

 
 
 
 
 
 

 


