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Abstract

The rapid changes in oil prices in last five years forced
companies to rethink about their manufacturing pro-
cess. This paper examines application of DEA and
revenue management models for measuring and im-
proving of productivity of a Canadian packaging com-
pany. The critical success failure factors are also high-
lighted.

Keywords: Data Envelopment Analysis, Packaging In-

dustry, Productivity improvements

1 Introduction

With the current economic downturn and theatrical im-
provements in information and communication technolo-
gies, maintaining a company’s competitiveness has be-
come increasingly difficult. Productivity has been a vital
part of firm’s competitiveness and is one of the widely
used performance measures of business [1]. In last four
decades, productivity measurements and improvements
have been discussed and analyzed by researchers, practi-
tioners and educators. However, absence of clear practi-
cal definition of productivity lead managers to implement
inefficient initiatives and those even resulted in decease in
productivity [2]. Productivity is often used interchange-
ably with efficiency and effectiveness [3]. Therefore, un-
derstanding what is mean by term productivity and fac-
tors affecting productivity at firm level will be a good
starting point for any productivity improvement exercise.
The term productivity is generally defined as the relation
between output and input [3]. In the cost engineering
perspective it is defined as quantities produced per unit
of input while in legal perspective it is the units of inputs
required to produce one unit of output [4]. Determina-
tion of input and output to produce or provide a service
is not an easy task. While direct inputs such as labor,
material or energy are easy to determine, indirect inputs
such as overhead and environmental costs are difficult to
measure at the product or process level. This is further
complicated by the finding ways to include opportunity
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costs, waste and under utilization of equipment. Produc-
tivity measurement and improvements are key building
blocks of improving operating performances. In last two
decades, focus on these have shifted from attempts to
characterize performance in terms of a simple indicator)
to a multi-dimensional systems perspective. In contem-
porary manufacturing settings, managers are required to
implement suite of initiatives simultaneously rather than
single initiative. In this scenario managers must consider
the relative effects of one initiative on the other as each
initiative may link to the outcome of the other. This
paper discusses the evaluation of productivity measures
by employing the method of Data Envelopment Anal-
ysis (DEA). Empirical data obtained from a packaging
company in Canada used to illustrate the model. The
proposed model evaluate relative-to-best performance ef-
ficiency of productivity improvement alternatives related
to the packaging industry using multiple inputs and out-
puts and it also evaluate the relative efficiency of imple-
menting multiple alternatives simultaneously.

2 Literature Review

More than three decades ago DEA was introduced by
Charnes, Cooper, & Rhodes [5] as an evaluation tool for
decision-making units (DMUs). The model developed by
them is commonly referred to as CCR model. Since then
it has been applied to various problems in variety of in-
dustries including the semiconductor [6], fast food [7], ho-
tels [8], airlines [9], power generation [10], banks [11], and
retail [12]. It is used to assess efficiency of DMU and eval-
uate the performance of the DMUs within a given sam-
ple without imposing any functional form on the data.
The units are referred to as the literature identifies three
types of DEA programming, radial efficiency measure,
non-radial efficiency measure, and efficiency achievement
measure. In their study of 30 ERP projects, Stensrud
and Myrtveit [13] deployed Data Envelopment Analy-
sis Variable Returns to Scale (DEA VRS) for compar-
isons of individual software projects. They argues that
that when combined with methods for hypothesis test-
ing, DEA VRS is a better tool useful for assessing the
effect of alleged process improvements by software com-
panies. Wu and Bai [14] adopted DEA to benchmark
and monitor the productivity of retailing units. Using
empirical data of convenience stores in Taiwan they mea-

Proceedings of the World Congress on Engineering and Computer Science 2009 Vol II
WCECS 2009, October 20-22, 2009, San Francisco, USA

ISBN:978-988-18210-2-7 WCECS 2009



sured relative-to-best performance efficiency of retail and
examine the competitiveness of a particular retail chain.
Odeck [15] combined DEA and a Malmquist index with a
bootstrap method to measure performance of grain pro-
ducers in Eastern Norway. In similar approach Chang
et al [16] used DEA to calculate Malmquist indexes of
productivity and efficiency changes of 62 US account-
ing firms before and after enactment Sarbanes-Oxley Act.
Their results indicate that those firms have shown consid-
erable post SOX growth in productive efficiency. Pack-
aging is an integral part of contemporary supply chain.
As the products travel much longer distances from pro-
ducers to consumers, High-quality packaging is becoming
a key to successful competition. It aids the producers
to transport products over short and long distances; to
store products for much longer periods; and to sell prod-
ucts efficiently in wholesale and retail stores [17]. The
polymers are the most popular choice of material in the
packaging industry. Apart from basic role of protecting
the product it also assist to combat counterfeiting and
misuse. Increased awareness of the environment and sus-
tainability put packaging industry under the microscope.
Many legislations and directives have been introduced to
reduce the packaging waste. Many directives were aimed
at introducing measures to reduce waste by redesigning
of products and increase the durability and reducing the
amount of waste [18, 19]by the packaging companies. In
this study authors attempt to incorporate these operating
factors in their decision making model. Although DEA
is widely used in many industries, its applications in the
packaging industry are rather limited. Liu and Wang [20]
used to measure the Malmquist productivity of semicon-
ductor packaging and testing firms in Taiwan. However
their study is focused on Liability ratio as inputs and
growth rate, net profit after tax, profitability ratio, and
output value by employee as outputs. Yang and Kuo [21]
deployed DEA with analytic hierarchy process to solve a
plant layout design problem. They used flow distance,
adjacency score, shape ratio, flexibility, accessibility, and
maintenance to determine the best layout for an IC pack-
aging company.

3 Methodology

This study proposes the developing a model to evaluate
the alternatives in the packaging industry. An explana-
tory study using focus groups was carried out in West-
ern Canada to identify the common alternatives used to
improve productivity in the packaging industry. The
CEOs, operations managers, consultants, line supervi-
sors’ as well lower level workers were interviewed. Based
on the interviews three alternatives regrind, reduce waste
and running machine faster were identified. The dramatic
increase in petroleum based products in last five years,
cost of raw materials of the packaging industry polymers
skyrocketed. Therefore, the waste produced in the man-
ufacturing process became a challenge and introducing

methods to reduce waste was essential for survival. In
most packaging methods the most amount of waste was
produced in the starting of a new batch and out-of-line
production. However, implementing waste reduction pro-
grams has not been cheap. It requires considerable in-
vestment of time and money and any decision should in-
corporate these cost factors. Regrind is collecting waste
material (polymer) and breaking them down into small
pellets and use suing them as a part of input. Many
companies interviewed indicated that this is an expen-
sive process that requires significant investment. Run-
ning machines faster (extruder in particular) is a com-
mon practice among many companies as it would reduce
unit fixed costs. Although this provides short-term high
productivity gains, with higher raw material costs this
could lead to an increased production cost. In addition,
as there will be more finished products inventory costs
would also increase.

4 Model Formulation

In the packaging industry, common methods companies
implement to improve productivity are Regrinding, Re-
ducing waste, and Running machines faster.

To study the relative efficiency of regrinding, reducing
waste and running machines faster (3R) with the same
goals and objective, by using Data Envelopment Analysis,
we shall consider the following operating units:

• regrinding material

• reducing waste

• running machine faster

• operating normally

• regrinding, reducing waste and running machines
faster (doing all three)

To do this we have identified the following three input
measures

• Cost of material

• Extrusion cost

• Waste rate

and products as output measure.

To summarize the the input and output measures for each
of the options, let us consider the following notations:
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4.1 Notations

X1 := new Material
a := cost of new material per unit

X2 := regrinding material(from scrap)
g := cost of regrinding material per unit

X3 := extrusion Cost
d := less extrusion Cost when running machine faster

X4 := waste percentage
h := reduced waste percentage

Y1 := units of pieces(good product)
b := cost of the product per unit
c := cost of the scrap per unit

f := increase in good product when waste reduced

With the notations for the constants we have the table 1
for input measures for each option:

Table 1: Input Measures

Regrind Reduce Run Normal Do
waste machine all

faster three
Cost of a(X1 aX1 aX1 aX1 a(X1
Materials − X2) − X2)

+ gX2 + gX2
Extrusion X3 X3 X3 − d X3 X3 − d
Cost
Waste X4 X4 − h X4 X4 X4 − h

and the table 2 for the output measure for each option:

Table 2: Output Measures

Regrind Reduce Run Normal Do
waste machine all

faster three
products bY1 b(Y1 + f) bY1 + cY2 bY1 + cY2 b(Y1 + f)

+ c(Y2 + cY2 + c(Y2
− X2) − X2)

To determine the weight of each option will have
in computing the outputs and inputs for the virtual
production, we use the following decision variables:
W1 := regrind
W2 := reduce waste
W3 := run machine faster
W4 := Normal
W5 := do all three

The DEA approach requires that the sum of these weights
equal 1. Hence the first contraint is

W1 + W2 + W3 + W4 + W5 = 1.

Other constraints will be obtained from

1. The output measure. That is,

the output for the virtual production (which is deter-
mined by computing the weighted average of the cor-
responding output for all the options) to be greater

than or equal to the output for the option that we
are measuring the relative efficiency.

2. Each of the three input measures. These constraints
formulated from the relation

Input for the virtul production ≤
Ei ( input for the option i),

where Ei is the efficiency index for the option i.

Thus we have the DEA progarmming model for the effi-
ciency evaluation of each option.

4.2 Research Problem

Let

W =

(
W1
W2
W3
W4
W5

)
,

Input measures:

X =

(
a(X1 − X2) + gX2 X3 X4

aX1 X3 X4 − h
aX1 X3 − d X4
aX1 X3 X4

a(X1 − X2) + gX2 X3 − d X4 − h

)T

,

and Output measures:

Y =

(
bY1 + c(Y2 − X2)
b(Y1 + f) + cY2

bY1 + cY2
bY1 + cY2

b(Y1 + f) + c(Y2 − X2)

)T

Then, for each i = 1, 2, 3, 4, 5 we have the following five
models,

the objective function for the DEA Model is min Ei

subject to the following constaints

Y W ≥ Y
i

XW − EiX
i ≤ 0

h ≤ 1

X4 ≤ 1

W1 + W2 + W3 + W4 + W5 = 1

Ei, W1, W2, W3, W4, W5, h, d, f ≥ 0

where Y i and Xi are ith column of the matrices Y and
X respectively.

Thus we have the following models:

4.3 Examples of Models

Model 1: Efficiency evaluation of Regrinding

Objective function is

minE1
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Subject to

W1 + W2 + W3 + W4 + W5 = 1

(a(X1 − X2) + gX2) W1

+

4∑
i=2

aX1Wi + (a(X1 − X2) + gX2) W5 ≤ E1 (a(X1 − X2)

+ gX2)

X3W1 + X3W2
+ (X3 − d)W3 + X3W4 + (X3 − d)W5 ≤ E1X3

W1X4 + (X4 − h)W2
+ X4W3 + X4W4 + (X4 − h)W5 ≤ E1X4

(bY1 + c(Y2 − X2)) W1 + (b(Y1 + f) + cY2) W2
+ (bY1 + cY2)W3 + (bY1 + cY2)W4

+ (b(Y1 + f) + c(Y2 − X2)) W5 ≥ (bY1 + c(Y2 − X2))

h ≤ 1

E1, W1, W2, W3, W4, h, d, f ≥ 0

Model 2: Efficiency evaluation of Reducing waste

Objective function is

minE2

Subject to
W1 + W2 + W3 + W4 + W5 = 1

(a(X1 − X2) + bX2) W1

+

4∑
i=2

aX1Wi + (a(X1 − X2) + bX2) W5 ≤ E2aX1

X3W1 + X3W2
+ (X3 − d)W3 + X3W4 + (X3 − d)W5 ≤ E2X3

W1X4 + (X4 − h)W2
+ X4W3 + X4W4 + (X4 − h)W5 ≤ E2(X4 − h)

(bY1 + c(Y2 − X2)) W1 + (b(Y1 + f) + cY2) W2
+ (bY1 + cY2)W3 + (bY1 + cY2)W4

+ (b(Y1 + f) + c(Y2 − X2)) W5 ≥ (b(Y1 + f) + cY2)

E2, W1, W2, W3, W4, h, d, f ≥ 0

h ≤ 1

Model 3: Efficiency evaluation of Running machine
faster

Objective function is

minE3

Subject to
W1 + W2 + W3 + W4 + W5 = 1

(a(X1 − X2) + bX2) W1

+

4∑
i=2

aX1Wi + (a(X1 − X2) + bX2) W5 ≤ E3aX1

X3W1 + X3W2
+ (X3 − d)W3 + X3W4 + (X3 − d)W5 ≤ E3(X3 − d)

W1X4 + (X4 − h)W2
+ X4W3 + X4W4 + (X4 − h)W5 ≤ E3X4

(bY1 + c(Y2 − X2)) W1 + (b(Y1 + f) + cY2) W2
+ (bY1 + cY2)W3 + (bY1 + cY2)W4

+ (b(Y1 + f) + c(Y2 − X2)) W5 ≥ (bY1 + cY2)

E3, W1, W2, W3, W4, h, d, f ≥ 0

h ≤ 1

Model 4: Efficiency evaluation of doing normal opera-
tion

Objective function is

minE4

Subject to
W1 + W2 + W3 + W4 + W5 = 1

(a(X1 − X2) + bX2) W1

+

4∑
i=2

aX1Wi + (a(X1 − X2) + bX2) W5 ≤ E4aX1

X3W1 + X3W2 + (X3 − d)W3 + X3W4 + (X3 − d)W5 ≤ E4X3
W1X4 + (X4 − h)W2 + X4W3 + X4W4 + (X4 − h)W5 ≤ E4X4

(bY1 + c(Y2 − X2)) W1 + (b(Y1 + f) + cY2) W2
+ (bY1 + cY2)W3 + (bY1 + cY2)W4

+ (b(Y1 + f) + c(Y2 − X2)) W5 ≥ (bY1 + cY2)

E4, W1, W2, W3, W4, h, d, f ≥ 0

h ≤ 1

Model 5: Efficiency evaluation of Regrinding, reducing
waste and running machine faster

Objective function is

minE5

Subject to
W1 + W2 + W3 + W4 + W5 = 1

(a(X1 − X2) + bX2) W1

+

4∑
i=2

aX1Wi + (a(X1 − X2) + bX2) W5 ≤ E5 (a(X1

− X2) + bX2)

X3W1 + X3W2 + (X3 − d)W3 + X3W4 + (X3 − d)W5 ≤ E5(X3 − d)

W1X4 + (X4 − h)W2 + X4W3 + X4W4 + (X4 − h)W5 ≤ E5(X4 − h)

(bY1 + c(Y2 − X2)) W1 + (b(Y1 + f) + cY2) W2
+ (bY1 + cY2)W3 + (bY1 + cY2)W4

+ (b(Y1 + f) + c(Y2 − X2)) W5 ≥ (b(Y1 + f)

+ c(Y2 − X2))

E5, W1, W2, W3, W4, h, d, f ≥ 0

h ≤ 1

4.4 Application of the Model

To test the valldity of the models, a set of data was ob-
tained from a Canadian Company in the packaging in-
dustry in Calgary Alberta,which is given in the table 3.

Table 3: Data

X1 100000
X2 4500
a .9
g 0

X3 14750
d 1341

X4 .07
h .02

Y1 93000
b 1.4

Y2 7000
c 0

For the data, the table 4 illustrates the input and output
measures:
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Table 4: Input and output measurements

Regrind Reduce Run Normal Do all
waste machine three

faster
Cost of 85950 90000 90000 90000 85950
Materials
Extrusion Cost 14750 14750 13409 14750 13409
Waste .7 .5 .7 .7 .5

products 130200 133000 130200 130200 133000

From that we have the following model for the efficiency
evaluation of regrinding:

Objective function is

minE1

Subject to

W1 + W2 + W3 + W4 + W5 = 1

85950W1 + 9000W2 + 9000W3 + 9000W4 + 85950W5 ≤ 85950E1
14750W1 + 14750W2 + 13409W3 + 14750W4 + 13409W5 ≤ 14750E1

.07W1 + .05W2 + .07W3 + .07W4 + .05W5 ≤ .07E1
1.302W1 + 1.33W2 + 1.302W3 + 1.302W4 + 1.33W5 ≥ 1.302

E1, W1, W2, W3, W4, W5 ≥ 0

The solution to the model is

E1 = 1

W1 = 1

W2 = 0

W3 = 0

W4 = 0

W5 = 0

This solution shows there is no evidence that regrinding
is inefficient compare to others, for the company’s data.

The solutions for other models are listed in the table 5.

Table 5: Solutions for other models

W1 W2 W3 W4 W5
E2 = 1 0 1 0 0 0
E3 = 1 0 0 1 0 0
E4 = .95 0 0 0 0 1
E5 = 1 0 0 0 0 1

Hence there is evidence that doing normal operation is
relatively ineffecient compare to others, for the company’s
data.

5 Conclusions and Future Work

5.1 Conclusion #1 :

For packaging company, we have the following relations:

1. Since the good product is the amount of material
used less of the waste, we have Y1 = X1 − X1X4.

2. Since f is the increase in good product when waste
reduced by h percent, we have f = hX1.

3. Since Y2 is the scrap, Y2 = X1X4.

4. Since X2 is the part of Y2, X2 = αY2, where α is the
percentage of scrap reused.

With this relation our Model 1 becomes,

Objective function is

minE1

Subject to

W1 + W2 + W3 + W4 + W5 = 1,∑
i=1,5

(b (1 − X4) + c (X4 − αX4)) Wi

+ (cX4 + b (1 − X4 + h)) W2

+

∑
k=3,4

(b (1 − X4) + cX4) Wk ≥ b (1 − X4)

+ c (X4 − αX4) ,

(a (1 − αX4) + gαX4) W1

+

4∑
i=2

aWi + (a (1 − αX4) + gαX4) W5 ≤ E1 (a (1 − αX4) + gαX4) ,

∑
k=1,2,4

X3Wk + (X3 − d) W3 + (X3 − d) W5 ≤ E1X3,

∑
k=1,3,4

X4Wk + (X4 − h) W2 + (X4 − h) W5 ≤ E1X4.

This Model is independent of the amount of new material
used. Thus the efficiency evaluation is independent of the
amount of material used.

5.2 Conclusion #2 :

In the company’s data there was no cost attached to the
waste. That is c = 0. If there is a cost attached to getting
rid of the waste (i.e c < 0), then the following model
shows that running machine faster is relatively inefficient.

Consider the Model 3,

Objective function is

minE3

Subject to

W1 + W2 + W3 + W4 + W5 = 1,

89212.5W1 + 9000W2 + 9000W3 + 9000W4 + 89212.5W5 ≤ 9000E3
14750W1 + 14750W2 + 13275W3 + 14750W4 + 133275W5 ≤ 13275E3

.07W1 + .05W2 + .07W3 + .07W4 + .05W5 ≤ .07E3
1.302W1 + 1.331W2 + 1.302W3 + 1.302W4 + 1.331W5 ≥ 1.302

E1, W1, W2, W3, W4, W5 ≥ 0

The solution to this model is
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E3 = .99

W1 = 0

W2 = 0

W3 = 0

W4 = 0

W5 = 1

Hence there is evidence that running machine faster is
relatively ineffecient compare to others.

5.3 Future work

What we have done so far is for only one product. We
would like create a model and study the model for mul-
tiple products.
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