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Abstract: The protection and containment of products are considered the main functions of packaging. In 
recent years, the concept of packaging has evolved: as consumers have become more demanding, packaging 
become more important, assuming also a marketing role that gives to packaging an increasing relevance for 
both companies and customers. Regattieri et al. (2012) stated that Italian companies are interested in 
extending the function of packaging, improving its relationship with logistics and environmental aspects. Also 
Italian customers show interest in packaging quality attributes such as protection of the product, use of 
recyclable materials and handleability (e.g. ease of use, ease of opening, ease of dosing, etc.) (Regattieri et al., 
2012). 

Despite the increasing importance of packaging function, companies often do not know the real impact of 
packaging on product costs. A study led by Regattieri et al. (2012), dealing with packaging perception of 
Italian companies, shows that the majority of interviewed companies, independently from the size and sector 
to which they belong, know either the cost of packaging, or the parameters that most greatly influence it. 
From a thorough literature review and the study conducted on the packaging perception of Italian companies, 
it is possible to underline the shortage, and the need, of tools and models evaluating total packaging costs.  

The authors of the paper propose a mathematical model that estimates the costs involved in packaging, taking 
into account the entire packaging system (primary, secondary, and tertiary packaging and accessories to 
support them) and the whole packaging supply chain. The model considers all the stages along the supply 
chain, from the purchase of the packages to the manufacturing stages and the final shipping of products. 
These activities have been analyzed in depth in order to develop a complete mathematical model that can be 
applied to companies in different sectors. 

The purpose of the paper is two-fold: to analyze the cost parameters of the packaging supply chain and to 
give to companies a practical model that allows them to analyze each parameter, understanding the potential 
reductions of packaging cost in order to reduce total company costs. 
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1. Introduction 

During recent decades, the importance of packaging and 
its different functions has been increasing. Traditionally, 
packaging is viewed as a means of protecting and 
preserving goods, enabling, handling, transporting, and 
storing products (Hellstrom and Saghir, 2006). In recent 
years other functions like sale promotion, customer 
attention and brand communication have increasingly 
become extremely important in defining the role of 
packaging (Underwood, 2003).  

Scholars dealing with packaging disagree about its main 
functions: some researchers emphasize that packaging is a 
highly versatile marketing tool (Underwood, 2003), while 
others consider it mainly an integral element of the 
logistics function (Twede, 1992; Hellstrom and Saghir, 
2006, Manzini et al. 2005, 2006, 2008).  

The authors of the paper recognize the importance of 
balancing the technological and marketing aspects, while 
focusing on the packaging logistics system and supply 
chain management. It is recognized that packaging has a 
significant impact on the efficiency of the logistics supply 
chain, such as manufacturing and distribution costs, time 
required for completing manufacturing and packing 
operations, affecting product lead-time and customer due 
date performance, but the related costs are frequently 
overlooked by companies.  

The authors define a mathematical model that analyzes 
the total packaging costs along the whole supply chain of 
a company. The total packaging costs include all costs 
allocable to packaging (e.g. costs of the design process to 
study materials, sizes and shapes of packages, transport, 
labour and management costs). 



The model represents an added value for companies, since 
it is an instrument for evaluating their packaging costs.  

The paper is organized as follows: Section 2 presents a 
framework on packaging functions in industry, while the 
developed mathematical model is presented in Section 3. 
Section 4 presents the conclusions and further research. 

2. Packaging functions in industry 

Packaging is a multidimensional construction, built up as a 
system usually consisting of primary, secondary, and 
tertiary packaging (Saghir, 2002). According to Verruccio 
et al. (2010), companies need to take into account the 
multiple roles of packaging: it should be designed and 
produced in agreement with both the marketing and 
logistics functions, adding a sense of responsibility to the 
environment.  

During recent decades, the link between packaging and 
marketing has been analysed in depth by several authors, 
and packaging has been studied as a marketing instrument 
that can influence specific aspects, such as product 
positioning, consumer attention, categorization, and 
evaluation, usage behaviour and brand communication 
(Verruccio et al., 2010). The appearance is significant since 
the package plays the role of an important interface 
between the brand owner and the consumer. The first 
impression of product quality by consumers is often 
judged by the impression of its package (Olsson and 
Larsson, 2009).  

Besides being an important link to consumers, packaging 
is the interface between the product and the logistics 
system (i.e. the supply chain from production to 
consumption and eventually to recycling). Packaging 
logistics is a relatively new discipline. According to Saghir 
(2002), the concept of packaging logistics focuses on the 
synergies achieved by integrating packaging and logistics 
systems with the potential of increased supply chain 
efficiency and effectiveness, through the improvement of 
both packaging and logistics activities. In recent years, this 
subject has been developed and has gained increasing 
attention in terms of the strategic role of logistics in 
delivering competitive advantage by the industrial and 
scientific community (Twede, 1992; Saghir, 2002). 
However, reviewing literature implies the lack of specific 
evaluation methods concerning packaging concepts from 
both a logistics and a supply chain point of view (Saghir et 
al., 2001).  

Another important factor is the link between packaging 
and product design stages. The development of packaging 
usually takes place after the product design; this leads the 
packaging to bridge the gap between product and 
distribution (Klevas et al., 2009). Instead of developing 
the product before the packaging, it may be very 
worthwhile to study and produce them integrally and 
simultaneously. According to Motte (2009), there are 
several barriers to the integration of packaging and 
product development: first, packaging is not considered 
an integral part of the product; secondly, no general 
decision-making supports are available for developing a 
policy in favour of this integration. In order to improve 

this critical aspect, it is becoming common to try to 
manage the product life cycle by approaching a Product-
Package System (PPS), i.e. a development process for 
integrating packaging logistics into the product 
development process (Bramklev, 2010). Based on this 
trend, the development of a product should include the 
simultaneous development of the packaging: in this way, 
packaging is considered a complement of the product that 
supports it during the majority of its life cycle (Bjärnemo 
et al., 2000). According to Bjärnemo, the use of a PPS 
could lead to various benefits, such as the reduction of the 
product and package costs, prevention of superfluous 
packaging material and optimization of the package 
performance. 

As the founder of Tetra Pak stated, "packaging shall save 
more than it costs". Jönson (1982) demonstrated that 
packaging costs account for a large part of the selling price 
of a food product (from 2% to 25%). Jönson also stated 
that companies often draw the conclusion that the 
elimination of packaging could reduce costs and 
subsequently lead to lower product prices, but they do not 
consider all the implications, such as the risk of total or 
partial loss of the product’s value that could occur during 
manufacturing or transport.  

The authors underline the importance of evaluating all the 
packaging costs. Packaging is cross-functional to all 
company operations, since it is handled in several parts of 
the supply chain (e.g. marketing, production, logistics and 
purchasing). For this reason, companies should be aware 
of the impact of the total packaging cost on the total 
company cost. The total packaging cost includes the costs 
of the design process, manufacturing, transport and 
labour costs, and management costs. 

The analysis conducted by Regattieri et al. (2012) 
underlines the lack of models for calculating the packaging 
costs of companies. The majority of companies 
interviewed, regardless of the size and sector to which 
they belong, do not know either the cost of packaging, or 
the parameters that most greatly influence it. In addition, 
literature does not discuss a mathematical model for 
evaluating all the costs linked to packaging along the 
supply chain.  

In conclusion, packaging plays a fundamental role in the 
supply chain. Companies use packaging to protect the 
product during transport, to handle materials and 
products during the manufacturing process and to store 
products in warehouses. Companies should be aware of 
the total costs of packaging, so as to operate in order to 
minimize them and consequently reduce the total 
company costs. 

3. Model formulation 

In this section an innovative model for evaluating the total 
packaging costs of companies is presented. The model 
takes into account the entire packaging system (primary, 
secondary and tertiary packaging and accessories) and the 
whole packaging supply chain.  



In order to present the model, the paragraph is split into 
two sections: the first part presents the context and the 
adopted approach, and the second part introduces the 
mathematical model, explaining in detail the indices, 
variables, cost parameters and the cost function. 

3.1 Conceptual model  

As shown in Figure 1, the mathematical model considers 
the whole supply chain of a manufacturing company. 

 

Figure 1. A summary of the company’s packaging supply chain  

 

The main steps and assumptions of the model are 
presented below: 

1. The manufacturing company can rent or purchase 
packages (primary, secondary and tertiary and 
accessories) and raw materials (if the manufacturer 
produces the packages internally); 

2. When the materials arrive, they are received in the 
manufacturer’s receiving area, sorted and stored in the 
warehouse; 

3. If the company has to produce packages, raw materials 
are picked and brought to the manufacturing area, 
where packages are made and subsequently stored in 
the warehouse. The raw materials not used during the 
manufacturing stage are brought back to the 
warehouse, creating a reverse flow of materials; 

4. When the finished products are produced, the 
packages are picked from the warehouse and brought 
to the manufacturing area where the finished products 
are made. The packages not used during the 
manufacturing stage are brought back to the 
warehouse, creating a reverse flow of materials; 

5. The model considers the possibility to re-use packages 
after the delivery of the finished products to the final 
customers; 

6. If raw materials or packages are damaged during use, 
they can be disposed of at landfill; 

7. The model considers the possibility for the 
manufacturer to make a profit from the disposal of 
packages and/or from the sale of tertiary packages to 
the final customers.  

3.2 Detailed mathematical model  

The indices, parameters, variables and function cost are 
described in this paragraph. Table 1 illustrates the indices, 
Table 2 defines variables of the system, and Table 3 
describes the cost parameters used in the construction of 
the mathematical model.  

 

Table 1. Indices

 

Variable Units Description Domain 

xit [pieces/year] 
Quantity of raw materials bought by the company to produce 
packaging i of type t. 

i=1,…,4; t=1,…,m 

x’it [pieces/year] 
Quantity of packaging i of type t produced by the manufacturer 
company from raw materials xit. 

i=1,…,4; t=1,…,m 

yit [pieces/year] Quantity of packaging i of type t bought by the company. i=1,…,4; t=1,…,m 
wit [pieces/year] Quantity of packaging i of type t rented by the company. i=1,…,4; t=1,…,m 

Index Domain Description 

i 1,…,4 

Level of packaging: 
i=1 (primary packaging) 
i=2 (secondary packaging) 
i=3 (tertiary packaging) 
i=4 (accessories) 

t 1,…,m Different packaging for each level i 



rit [pieces/year] 
Quantity of disposed packaging i of type t from which the 
company has a profit from sub-products. 

i=1,…,4; t=1,…,m 

uit [pieces/year] 
Quantity of packaging i of type t sold by the company to the 
final customer. 

i=1,…,4; t=1,…,m 

NORD [orders/year] Number of orders for buying raw materials and/or packaging.  

NEXT TRAN it [trips/year] 
Number of trips of raw materials and/or packages i of type t 
from the supplier to the manufacturer. 

i=1,…,4; t=1,…,m 

NINT TRAN it [trips/year] 
Number of trips of raw materials and/or packages i of type t 
from the manufacturer’s receiving area to the warehouse. 

i=1,…,4; t=1,…,m 

NINT TRAN
1
 it [trips/year] 

Number of trips of raw materials i of type t from the warehouse 
to the manufacturing area to produce packages from xit. 

i=1,…,4; t=1,…,m 

NINT TRAN
2
 it [trips/year] 

Number of trips of packages i of type t produced by the 
manufacturer and transported from the production area to the 
warehouse. 

i=1,…,4; t=1,…,m 

NINT TRAN
3
 it [trips/year] 

Number of trips of packages (produced/bought/rented) i of 
type t from the warehouse to the production area in order to 
support finished products. 

i=1,…,4; t=1,…,m 

NREV INT TRAN
2
 it [trips/year] 

Number of trips of packages i of type t not used during the 
production of finished products and transported from the 
manufacturing area to the warehouse. 

i=1,…,4; t=1,…,m 

NREV INT TRAN
1
 it [trips/year] 

Number of trips of the quantity of raw materials i of type t not 
used during the production of packages and transported from 
the manufacturing area to the warehouse. 

i=1,…,4; t=1,…,m 

Table 2. Variables of the system 

 

Parameter Nomenclatures Units Description 

CENG Cost of Engineering [€/year] 
Cost for studying each type of packaging and for making prototypes. 
It includes the labour costs of engineering the product. 

CORD 
Cost of Purchase 

Order 
[€/order] 

Cost for managing the internal purchase orders if the manufacturer 
produces the packaging internally; otherwise it represents the 
purchase orders for buying and/or renting packaging from suppliers. 
It includes the labour costs for making the order. 

CPUR Cost of Purchasing [€/piece] 
Purchase cost of raw materials (to produce packaging) and/or 
packages. 

CRENT Cost of Rent [€/piece] Cost to rent packages. 

CEXT TRAN 
Cost of External 

Transport 
[€/travel] 

Cost for transporting raw materials and/or packages from the supplier 
to the manufacturer: it comprises labour costs, depreciation of 
vehicles (e.g. truck), cost of the distance travelled. 

CREC Cost of Receiving [€/year] 
Cost for receiving raw materials and/or packages. It includes the 
labour costs and depreciation of vehicles (e.g. truck, forklift) used to 
unload products. 

CCOND 
Cost of 

Conditioning 
[€/year] 

Cost for sorting raw materials and/or packages before storing them in 
the warehouse. It includes the labour costs and depreciation of 
mechanical devices (if used), for example for unpacking and re-
packing products. 

CINT TRAN 
Cost of Internal 

Transport 
[€/travel] 

Cost for transporting raw materials and/or packages from the 
manufacturer’s receiving area to the warehouse. It includes the labour 
costs, depreciation of vehicles (e.g. forklift), cost of the distance 
travelled. 

CSTOCK Cost of Stocking [€/piece] 
Cost for storing raw materials and/or packages in the warehouse. It 
includes the labour costs and the cost of the space for storing the 
packages. 

CPICK
 Cost of Picking1 [€/piece] 

Cost for picking raw materials from the warehouse for producing the 
packages. It includes the labour costs and depreciation of vehicles (e.g. 
forklift) for picking the products. 

CINT TRAN
1 

Cost of Internal 
Transport1 

[€/travel] 

Cost for transporting raw materials from the warehouse to the 
manufacturing area to produce the packages. It includes the labour 
costs, depreciation of vehicles (e.g. forklift), cost of the distance 
travelled. 



Table 3. Cost parameters 

 

Equation (1) introduces the general formula for the model. 
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CMAN 
Cost of Packages 
Manufacturing 

[€/piece] 
Cost for producing packages internally; it includes the labour costs, 
depreciation of production plants and utilities (e.g. electricity, water, 
gas, etc.). 

CREV
1 

Cost of Internal 
Reverse Logistics1 [€/travel] 

Cost of transport for bringing the raw materials not used during 
manufacturing back to the warehouse. It includes: 
CREV INT TRAN

1: the cost of transport for coming back to the 
warehouse. It comprises labour costs, depreciation of vehicles used 
(e.g. forklift), cost of the distance travelled; 
CREV INT COND

1:  the cost of conditioning packages to make them re-
usable. It comprises the labour costs and depreciation of mechanical 
devices (if used), for example for unpacking and re-packing products. 

CINT TRAN
2 

Cost of Internal 
Transport2 

[€/travel] 
Cost for transporting the packages produced by the company from 
the production area to the warehouse. It includes the labour costs, 
depreciation of vehicles (e.g. forklift), cost of the distance travelled. 

CSTOCK
1 Cost of Stocking1 [€/piece] 

Cost for stocking packages produced internally by the company. It 
includes the labour costs and cost of the space for storing the 
packages. 

CPICK
1 Cost of Picking1 [€/piece] 

Cost for picking packages (produced/bought/rented) from the 
warehouse. It includes the labour costs and depreciation of vehicles 
(e.g. forklift) for picking the packages. 

CINT TRAN
3 

Cost of Internal 
Transport3 [€/travel] 

Cost for transporting packages from the warehouse to the 
manufacturing area. It includes the labour costs, depreciation of 
vehicles (e.g. forklift), cost of the distance travelled. 

CREV
2 

Cost of Internal 
Reverse Logistics2 

[€/travel] 

Cost of transport for bringing packages not used during the 
manufacturing of finished products back to the warehouse. It 
includes: 
CREV INT TRAN

2: the cost of transport for coming back to the 
warehouse. It comprises the labour costs, depreciation of vehicles 
used, cost of the distance travelled; 
CREV INT COND

2: the cost of conditioning packages to make them re-
usable. It comprises the labour costs and depreciation of mechanical 
devices (if used), for example for unpacking and re-packing products. 

CRE-USE Cost of Re-Use [€/year] 

Cost of re-using packaging after the delivery of finished products to 
the customer. It includes:  
CREV EXT TRAN: the cost of transport for coming back to the company. 
It comprises the labour costs, depreciation of vehicles used (e.g. 
truck), cost of the distance travelled; 
CREV EXT COND: the cost of conditioning packages to make them re-
usable. It comprises the labour costs and depreciation of mechanical 
devices (if used), for example for unpacking and re-packing products. 

CDISP Cost of Disposal [€/piece] 

Cost of disposing of damaged packages during the manufacturing 
stage. It comprises the cost of disposal, the cost of transporting 
damaged packages from the company to the landfill (labour costs, 
depreciation of vehicles used (e.g. truck), cost of the distance 
travelled). 

RSUB 
Gain from Sub-

Product 
[€/piece] 

The parameter identifies the possible gain obtained from the disposal 
of damaged products. 

RUDC 
Gain from Direct 

Sale of Pallet 
[€/piece] 

This parameter identifies the possible gain obtained from the sale of 
tertiary packaging to the final customer.  



Equation (2) presents the mathematical model, explaining each cost parameter in detail. 
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The mathematical model contributes to giving companies 
a tool that allows them to analyze the packaging costs, in 
order to understand the potential packaging cost 
reductions and consequently to reduce total company 
costs. Often companies only consider the costs of 
purchasing packages. The model, instead, contains a 
complete and systematic overview of the packaging 
system.  

4. Conclusion 

In recent years, the importance of packaging and its 
functions has been and still is increasing, as well as the 
need to integrate the development and selection of 
packaging with the development of the product. 

According to Regattieri et al. (2012), Italian companies 
recognize the importance of the link between packaging 
and logistics and evaluate the packaging costs connected 
to the logistics system. However, they revealed that they 
did not estimate the total packaging cost. In addition, the 
literature analysis conducted shows the lack of a complete 

function for calculating the total cost of packaging in a 
company. For these reasons, the authors have developed a 
mathematical model, which considers all the cost 
parameters regarding the packaging system (primary, 
secondary and tertiary packaging and accessories) along 
the whole supply chain. 

The model represents an added value for companies 
seeking to estimate the total costs of their packaging 
system and consequently its impact on total company 
costs. Moreover, it may be possible to find out the 
overlooked and oversized packaging factors. The former 
should be introduced in the calculation of the total 
packaging costs, while the latter could be reduced or 
eliminated. As a result, the impact of total packaging costs 
on total company costs will decrease and consequently 
companies will reduce their total costs.  

Further research must focus on cooperation with 
companies in order to validate the developed model and 
to analyze several case studies. The authors of the paper 
wish to evaluate the total packaging cost of companies, 



identifying the most critical parameters. They should be 
analyzed and the efforts of companies should focus on 
cost reduction in an efficient and successful way.  

Another important further development could be the use 
of raw materials packages to send finished products to 
customers, with the intention of minimizing the materials 
used and consequently reducing the environmental impact 
and packaging costs. 
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