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Abstract This research evaluates the energy efficiency
and productivity growth in the industrial sector over the
period of 1999 till 2013 using data envelopment analysis
(DEA). Two cases are analyzed; in the first case (GVA),
the output is the gross value added, whereas two outputs
are considered in the second case (GCO), CO2 emission
and GVA. Five key input factors are considered in both
cases. From DEA window analysis, the technical ineffi-
ciency (TIE) values are zeros in windows (2001–2005) till
(2003–2007), (2007–2011), and (2008–2012), whereas
the pure technical inefficiency (PTIE) values are zeros in
windows (1999–2003) till (2003–2007). Finally, the scale
inefficiency (SIE) values are zeros in windows (2001–
2005) till (2003–2007). These results help policy planners
on how to better utilize resources and management effi-
ciency over time and guide operational managers when to
increase or decrease the scale. Moreover, the averages of
inefficiency values in the GVA case are smaller than their
corresponding in the GCO case, which indicates the neg-
ative effect of CO2 emission on efficiency. Further,
Malmquist index is estimated for three 5-year energy

plans. The productivity index is found less than one for
the third plan (2009–2013), which indicates a decrease
productivity growth. In conclusions, research results pro-
vide valuable support when assessing the progress of
energy efficiency and productivity in industrial sector.
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Introduction

Recently, there has been a growing concern about ener-
gy consumption and its adverse impact on the environ-
ment. In Jordan, energy consumption is divided into
three major sectors: industrial, residential, and transpor-
tation. The industrial sector is responsible of about 22 %
of energy consumption. Because the energy sources are
very limited commercially, a lot of efforts have been
directed to discover natural resources required for ener-
gy production. Studies revealed that the contribution of
the local production did not exceed 5 % during years
2000 and 2011. Further, it is expected that the demand
for the electrical energywill increase by 43% from 2011
until 2020. Finally, the fluctuation for the oil price and
the rising prices frommonth to month affect significant-
ly the energy consumption (Al-Ghandoor et al. 2008).

Efficiency measurement in energy sector

Efficiency measurement plays an important role in the
formulation, application, and evaluation of energy
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policy (Shi et al. 2010; Martinez 2011). In practice, two
output measures are used to assess the performance in
energy sector, involving the gross value added and CO2

emission. These two measures are influenced by several
input measures, including the number of employees,
number of establishments, energy consumption, inter-
mediate consumption, and compensation of employees.
In order to assess the energy efficiency over time, it is
necessary to combine these input and output measures
into one single measure, which is efficiency score cal-
culated as the sum of the weighted output measures
divided by the sum of weighted input measures. A
widely-known approach for efficiency measurement is
using data envelopment analysis (DEA), which evalu-
ates the performance of a number of homogeneous
decision-making units (DMUs) of multiple inputs and
multiple outputs (Al-Refaie et al. 2014a, b, c; Cooper
et al. 2004). Figure 1 shows the basic concept of DEA.
The DEA approach will be applied to the points S1, S2,
S3, and S4 in Fig. 1. The DMUs are identified units S1,
S2, S3, and S4 as efficient, and they provide an envelope
(best practice frontier) round the entire data set; other
units are within this envelope and are inefficient. An
inefficient DMU can be improved by moving them to
the efficient frontier.

The most well-known DEA models are the CCR
model proposed by Charnes et al. (1978) and BCCmodel
developed by Banker et al. (1984). Data envelopment
analysis has been applied for assessing efficiency in a
wide range of business applications (Li et al. 2014; Al-
Refaie 2014; Wang et al. 2012; Al-Refaie 2009).

However, when using DEA, an important rule of
thumb is that the number of DMUs is at least twice the
sum of the number of inputs and outputs (Al-Refaie 2011;
Al-Refaie 2010). Otherwise, the model may produce nu-
merous relatively efficient units and decrease discriminat-
ing power. To resolve this difficulty, DEA window

analysis (Charnes et al. 1985) was introduced, in which
the performance of aDMU in any period can be compared
with its own performance in other periods as well as to the
performance of other DMUs. The window should be as
small as possible to minimize the unfairness comparison
over time, but still large enough to have a sufficient
sample size (Asmild et al. 2004). Window analysis was
used to measure the efficiency of Taiwan’s telecommuni-
cation firms over the periods of 2001–2005 (Yang and
Chang 2009), investigate the relationship between size
and efficiency of the Italian hospitality sector (Pulina
et al. 2010), and to evaluate the performance of Iranian
wood panels industry (Hemmasi et al. 2011).

Malmquist productivity index

The nonparametric Malmquist productivity index (MPI)
is a formal time-series analysis technique for performing
performance comparisons of DMUs over time by solving
some DEA-type models (Malmquist 1953). MPI reflects
the increase or decrease in efficiency with progress or
regress of the frontier technology over time undermultiple
inputs and multiple outputs framework. The productivity
of DMU from period t to t+1 is improved when MPI is
larger than one, remained unchanged when MPI equals
one, and deteriorated when MPI is less than one (Fare
et al. 1994). Malmquist index has been utilized in evalu-
ating the productivity growth in several applications. For
example, Odeck (2000) combined DEA and Malmquist
index to analyze the efficiency and productivity growth of
the NorwegianMotor Vehicle Inspection Agencies during
the period of 1989–1991. Ma et al. (2002) employed the
DEA approach and Malmquist index of iron and steel
industry in China for the period of 1989–1997, with the
aim of gaining some insights to increase the output while
reducing emissions and waste. Chen et al. (2006) applied
the DEA andMalmquist index to analyze the comparative
performances and the growth potentials of the six high-
tech industries developed at Taiwan’s Hsin Chu science
park during the period of 1991–1999.

In this context, this research aims at assessing the
energy efficiency for the industrial sector from 1999 till
2013. Moreover, it analyzes the efficiency and produc-
tivity growth between three 5-year energy strategic
plans during 1999–2003, 2004–2008, and 2009–2013.
In practice, the result of this research shall help the
decision makers in the formulation, application, and
evaluation of energy policy for the industrial sector in
Jordan. The remaining of this paper is organized asFig. 1 DEA concept
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follows: DEA models section is discussed in the next
section followed by data collection and analysis, results
and discussions, and research conclusions.

DEA models

CCR, BCC, and window analysis

The CCR model assumes constant return to scale (CRS)
where an increase in the input results an increase in the
output result. The estimated efficiencywill be between 0
and 1. Figure 2 shows the production frontier of the
CCR model.

Consider a set of nDMUs. For DMUk, let
yrk(r= 1,…, s) denote the level of r th output and
xik(i=1,…,m) the level of the i th input. The efficiency
score of a specific DMU, DMUk, is calculated as by
solving the input-oriented CCR model as follows:

Minθ ð1aÞ
Subject to:

θxik−
Xn

j¼1

λ jxi j≥0; i ¼ 1;…;m ð1bÞ

Xn

j¼1

λ jyr j≥yrk ; r ¼ 1;…; s ð1cÞ

λ j≥0; j ¼ 1;…; n ð1dÞ
θ unrestricted in sign
The optimal θ is denoted by θ* satisfies 0≤θ*≤1. If θ*

equals to 1, the DMU under measurement is then

technically efficient. The CCR input-oriented model seeks
tominimize inputs while satisfying at least the given output
levels. Thus, the resulted efficiency score represents the
technical efficiency (TE), which reflects the firm’s ability
to maximize output from a given set of inputs assuming
that the size of operation of DMU is optimal.

On the other hand, the DMU operates under variable
returns to scale if it is suspected that an increase in inputs
does not result in a proportional change in the outputs.
Figure 3 shows the production frontier of the BCC
model, which measures the pure technical efficiency
(PTE), which ignores the impact of the scale size by
only comparing a DMU to a unit of similar scale.

The PTE measures how a DMU utilizes its sources
under exogenous environments; a low PTE implies that
the DMU inefficiently manages its resources. To calculate
the PTE score, the following BCC model is developed:

Minθ ð2aÞ
Subject to:

θxik−
Xn

j¼1

λ jxi j≥o; i ¼ 1;…;m ð2bÞ

Xn

j¼1

λ jyr j≥yrk ; r ¼ 1;…; s ð2cÞ

Xn

j¼1

λ j ¼ 1 ð2dÞ

λ j≥0; j ¼ 1;…; n ð2eÞ
θ unrestricted in sign

Fig. 2 CRS frontier Fig. 3 VRS frontier
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The use of the BCC model allows the decom-
position of TE score into PTE and scale efficiency
(SE) scores, where the relationship between them
is expressed as follows:

SE ¼ TE

PTE
ð3Þ

The SE measures how the scale size affects
efficiency. SE provides the ability of the manage-
ment to choose the optimal size of resources, i.e.,
production scale, which attains the expected level
of production.

Finally, to conduct DEA window analysis, con-
sider N DMUs (n= 1,…,N) that all use r inputs to
produce s outputs and are observed in T (t= 1,…,T)
periods. Let DMUn

t represent an observation n in
period t with input vector Xn

t and output vector, Yn
t

which are given by Eq. (2b).

X t
n ¼

x1tn
⋮
xrtn

2
4

3
5 Y t

n ¼
y1tn
⋮
ystn

2
4

3
5 ð4Þ

If the window starts at time k(1≤ k≤T) with width
w(1≤w≤T− k), then the matrices of inputs and outputs
are denoted as given by Eqs. (2c) and (2d), respectively.

X kw ¼
xk1 xk2 ⋯ xkN
xkþ1
1 xkþ1

2 ⋯ xkþ1
N

⋮ ⋮ ⋱ ⋮
xkþw
1 xkþw

2 ⋯ xkþw
N

2
664

3
775; ð5Þ

and

Ykw ¼
yk1 yk2 ⋯ ykN
ykþ1
1 ykþ1

2 ⋯ ykþ1
N

⋮ ⋮ ⋱ ⋮
ykþw
1 ykþw

2 ⋯ ykþw
N

2
664

3
775 ð6Þ

Substituting inputs and outputs of DMUn
t into CCR

or BCC model produces the results of DEA window
analysis.

Malmquist index

The MPI can be used to estimate the productivity
growth in energy sector, which is decomposed into
efficiency change and technological change. The
concept of productivity usually referred to labor
productivity is defined as the product of efficiency
change (catch-up) and technological change

(frontier-shift). If MPI index value is greater than
1, this indicates a positive MPI growth from peri-
od (t) to period (t+ 1), whereas a value less than 1
indicates a decrease in MPI growth or performance
relative to the previous year. The Malmquist
framework is depicted in Fig. 4, where a produc-
tion frontier representing the efficient level of out-
put (y) that can be produced from a given level of
input (x) is constructed. The assumption made is
that the frontier can shift over time. The frontier
obtained in the current (t) and future (t+ 1) time
periods is labeled accordingly. When inefficiency
exists, the relative movement of any given DMU
over time will, therefore, depends on both its
position relative to the corresponding frontier
(technical efficiency) and the position of the fron-
tier itself (technical change). If the inefficiency is
ignored, then the productivity growth over time
will be unable to distinguish between improve-
ments that derive from a DMU catching up to its
own frontier or those that result from the frontier
itself shifting up over time.

A assume θt(xo
t , yo

t ) and θt + 1(xo
t , yo

t ) are the
input-oriented efficiency measures of DMU based
on its inputs and outputs at period t for the refer-
ence technology at t and t+ 1. Further assume that
θt(xo

t + 1, yo
t + 1) and θt + 1(xo

t + 1, yo
t + 1) are the input-

oriented efficiency measures of DMU based on
its inputs and outputs at period t+ 1 for the refer-
ence technology at t and t+ 1. MPI is calculated
using Eq. (2e).

MPIt¼1
t ¼ θt xto;y

t
o

� �
θt xtþ1

o ;ytþ1
o

� �
θtþ1 xto;yto

� �
θtþ1 xtþ1

o ;ytþ1
o

� �
" #1

2

� θtþ1 xtþ1
o ;ytþ1

o

� �
θt xto ;yto

� � ð7Þ

The productivity change can be decomposed
into two parts, technological change and efficiency
change. The efficiency change component, the
terms outside the brackets, measures the change
in the relative efficiency over time. The technolog-
ical change component, the terms enclosed by the
square brackets, reflects the shift in the best prac-
tice frontier from t to t+ 1. In order to calculate
θt + 1(xo

t , yo
t ) and θt(xo

t + 1, yo
t + 1), linear programing
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models must be solved. The θt(xo
t + 1, yo

t + 1) and θt +
1(xo

t , yo
t ) are expressed as IEIt + 1→ t and IEIt→ t + 1,

respectively.

IEI tþ1→t ¼ Minθ ð8aÞ
Subject to:

θxtik−
Xn

j¼1

λ jxtþ1
i j ≥0; i¼1;…m ð8bÞ

Xn

j¼1

λ jytr j≥ ytþ1
rk ; r ¼ 1;…; s ð8cÞ

λj≥0, j=1,…,n (8d)

IEI t→tþ1 ¼ Minθ ð9aÞ
Subject to:

θxtþ1
ik −

Xn

j¼1

λ jxti j≥0; i ¼ 1;…;m ð9bÞ

Xn

j¼1

λ jytþ1
r j ≥ytrk ; r ¼ 1;…; s ð9cÞ

λ j≥0; j ¼ 1;…; n ð9dÞ

Data collection and analysis

Data collection and descriptive analysis

In this research, the data is collected as time series
for the five input measures, including the number
of employee, number of establishments, energy

consumption, intermediate consumption, and com-
pensation of employee, and the two output mea-
sures are gross value added and CO2 emission
during 1999 till 2013. The collected data is then
displayed in Table 1. The descriptive statistics for
collected data for input and output variables are
summarized in Table 2, where it is noted that the
coefficient of variation (standard deviation divided
by the mean) is larger than 5 % for all measures.
This result indicates that significant variations in
each measure over the period of 1999 to 2013.
The largest coefficient of variation corresponds to
intermediate consumption of 53.84 %. For output
measures, the maximum (minimum) of the gross
value added (1000 JD) and CO2 emission are
4,259,447.55 (1,186,882) and 4,189,903.2
(2,735,334) kg, which correspond to 2010 (1999)
and 2007 (2012), respectively. Further, Table 3
displays the correlation matrix evaluated among
all factors. The correlation coefficient of the value
that is greater than 0.8 indicates strong correlation,
whereas a value less than 0.6 implies weak corre-
lation. It is found that the gross value added is
significantly correlated with the number of em-
ployees (p value < 0.0001), number of establish-
ments (p value = 0.004), compensation of em-
ployees (p value = 0.940), and intermediate con-
sumption (p value = 0.931). While, the CO2 emis-
sion is significantly correlated with the number of
employees (p value = 0.007), and energy consump-
tion (p value < 0.001).

DEAwindow analysis

Two cases will be analyzed in DEA window analysis.
The first case (GVA) considers one desirable output
measure, which is the gross value added, and five input
measures, including x1 to x5. While the second case
(GCO) considers the gross value added and the CO2

emission as a desirable and undesirable output measure,
respectively, and five input measures. Then, the window
DEA analysis is conducted for each case as follows.

Technical efficiency

The collected input and output data over the period of
1999 to 2013 is divided into nine windows. For in-
stance, the first row covers the period from year 1999
to 2003, that is, the window length is 5 years. The next

Fig. 4 Productivity changes over time
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row presents the window from year 2000 to 2004 and so
on. The number of windows and the number of data
points as follows:

w ¼ k−pþ 1 ð10Þ

Number of ‘‘different’’ lines ¼ n � p � w ð11Þ
where n denotes the number of the production lines, p is
the length of window, w is the number of windows, and
k is the number of periods. In this research, the number
of windows was 15−5+1=11 and the number of “dif-
ferent” lines was n × p × w = 1 × 5 × 11 = 55. The

technical score, TE scores, which measure inefficiencies
due to input/output configuration, is calculated using the
CCRmodel and then the results are displayed in Table 4.
In window analysis, the rows can be used to examine the
trends that occur in each window. The columns used to
examine the stability properties. In Table 4, for the
illustration in GVA, the TECCR score=1.00 for window
(1999–2000) is calculated using the CCR model as
follows:

TECCR ¼ Min θ

Subject to:

Table 1 The collected deflated data during years 1999 to 2013

Year Gross value added
(1000 JD)

CO2 emission (kg) Number of
employees

Number of
establishments

Energy consumption
(tone oil equivalent)

Compensation of
employee (1000 JD)

Intermediate
consumption
(1000 JD)

1999 1,186,882.42 2,767,732.80 124,461.00 13,981.00 788,200.00 381,658.43 2,203,414.51

2000 1,246,547.06 2,975,910.00 149,467.00 17,925.00 851,700.00 372,257.53 2,222,875.58

2001 1,327,893.59 2,902,015.20 144,788.00 17,755.00 825,500.00 376,782.01 2,345,312.76

2002 1,421,022.05 2,992,500.00 137,318.00 17,835.00 845,600.00 389,288.56 2,585,558.27

2003 1,538,339.75 3,111,276.00 159,926.00 21,088.00 877,600.00 403,421.11 2,727,771.89

2004 1,889,465.18 3,626,196.00 187,937.00 20,820.00 1,034,200.00 438,385.58 3,376,165.17

2005 2,095,851.27 4,043,088.00 198,587.00 20,746.00 1,158,700.00 487,177.16 4,075,022.65

2006 2,211,194.07 4,132,354.80 190,087.00 20,219.00 1,182,200.00 515,146.30 4,648,852.32

2007 2,677,410.92 4,189,903.20 191,779.00 20,258.00 1,192,200.00 602,681.37 5,469,408.93

2008 3,454,126.79 3,924,211.20 193,708.00 20,316.00 1,095,400.00 626,278.73 6,204,080.19

2009 4,159,933.11 3,916,962.00 204,837.00 20,366.00 1,100,900.00 866,085.46 6,472,183.35

2010 4,259,447.55 3,693,169.20 212,412.00 20,398.00 1,014,100.00 889,964.75 7,249,382.55

2011 4,006,887.58 3,558,651.60 202,874.00 22,629.00 961,000.00 1,037,490.40 9,530,291.34

2012 4,111,794.62 2,735,334.00 207,866.00 22,384.00 695,000.00 1,116,601.75 10,464,700.06

2013 4,144,554.54 3,782,931.60 212,336.00 22,444.00 924,000.00 1,145,111.31 10,347,501.47

Table 2 Descriptive statistic of the data

Factor Units Mean Standard deviation
(SD)

SD/Mean Maximum
(year)

Minimum
(year)

Gross value added 1000 JD 2,648,756.70 1,194,761.531 45.11 % 4,259,447.55 (2010) 1,186,882 (1999)

CO2 emission Kilogram (Kg) 3,490,149.04 504,758.5949 14.46 % 4,189,903.2 (2007) 2,735,334 (2012)

Number of employees Employees 181,225.53 28,645.60284 15.81 % 212,412 (2010) 124,461 (1999)

Number of establishments Establishments 19,944.27 2186.355825 10.96 % 22629 (2011) 13,981 (1999)

Energy consumption Tone oil equivalent 969,753.33 150,265.6264 15.50 % 1,192,200 (2007) 695,000 (2012)

Compensation of employee 1000 JD 643,222.03 278,260.6775 43.26 % 1,145,111.31 (2013) 372,257.5 (2000)

Intermediate consumption 1000 JD 5,328,168.07 2,868,832.46 53.84 % 10,464,700.06 (2012) 2,203,415 (1999)
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−124; 461λ1−149; 467λ2−144; 788λ3−137; 318λ4−159; 926λ5 þ 124; 461θ≥0;
−13; 981λ1−17; 925λ2−17; 755λ3−17; 835λ4−21; 088λ5 þ 13; 981θ≥0;
−788; 200λ1−851; 700λ2−825; 500λ3−845; 600λ4−877; 600λ5 þ 788; 200θ≥0;
−381; 658:43λ1−372; 257:53λ2−376; 782:01λ3−389; 288:56λ4−403; 421:11λ5 þ 381; 658:43θ≥0;
−2; 203; 414:51λ1−2; 222; 875:58λ2−2; 345; 312:76λ3−2; 585; 558:27λ4−2; 727; 771:89λ5 þ 2; 203; 414:51θ≥0;
1; 186; 882:42λ1 þ 1; 246; 547:06λ2 þ 1; 327; 893:59λ3 þ 1; 421; 022:05λ4 þ 1; 538; 339:75λ5≥1; 186; 882:42;
λ j≥0; ∀ j

The TECCR scores for all the other window periods
are estimated similarly. The TECCR scores for GCO are
calculated with weight ratio (4:1) between gross values
added to CO2 emission in a similar manner.

Generally, the efficiency scores listed in each
column assess the performance stability. In
Table 4, the differences between the efficiency
scores in most years are negligible for both cases.
For example, using the CCR model, the efficiency
scores in year 2001 to 2004 are zeros. This indicates
the performance stability. On the other hand, the
efficiency scores in each row determine whether a
trend pattern occurs within each window. The coef-
ficient of variation (CV) is used to assess dispersion.
Usually, a CV value larger than 5 % indicates the
existence of a trend pattern. In Table 4, dispersion is
significant in windows (2004–2008) till window
(2007–2011) for both cases. Moreover, observing

the average TE scores of both models, it is seen that
the TE score is less than 1 in eight out of eleven
windows for GVA and seven out of eleven windows
for GCO. These windows are concluded inefficient.

Comparing the TE scores between GVA and GCO, it
is found that the TE scores for GVA are equal or larger to
their corresponding for GCO. This shows the negative
effect of CO2 emission on the technical efficiency.

Analysis of pure technical efficiency

The technical efficiency calculates the efficiency with-
out scale consideration by comparing a DMU to other
DMUs of the same size only. In contrast, the PTE scores
are estimated under the assumption of variable returns to
scale (VRS) using the BCC model. Typically, the PTE
score reflects the managerial performance to organize
the inputs in the production process. Table 5 displays the

Table 3 Correlation matrix for the parameters

Factor GVA CO2

emission
Number of
employees

Number of
establishments

Energy
consumption

Compensation
of employee

Intermediate
consumption

Gross value added 1 0.405 0.868a 0.693a 0.195 0.940a 0.931a

0.134 0.000 0.004 0.486 0.000 0.000

CO2 emission 0.405 1 0.667a 0.466 0.960a 0.205 0.267

0.134 0.007 0.080 0.000 0.464 0.336

Number of employees 0.868a 0.667a 1 0.858a 0.492 0.780a 0.814a

0.000 0.007 0.000 0.062 0.001 0.000

Number of establishments 0.693a 0.466 0.858a 1 0.293 0.687a 0.738a

0.004 0.080 0.000 0.289 0.005 0.002

Energy consumption 0.195 0.960a 0.492 0.293 1 −0.041 0.021

0.486 0.000 0.062 0.289 0.884 0.941

Compensation of employee 0.940a 0.205 0.780a 0.687a −0.041 1 0.983a

0.000 0.464 0.001 0.005 0.884 0.000

Intermediate consumption 0.931a 0.267 0.814a 0.738a 0.021 0.983a 1
0.000 0.336 0.000 0.002 0.941 0.000

a Correlation is significant at the 0.01 level (two-tailed)
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calculated PTE scores in all windows for both models.
For illustration, the PTE score (PTEBCC=1.000) for

window (1999–2003) in year 1999 is calculated for
GVA as:

PTEBCC ¼ Min θ
Subject to :
−124; 461λ1−149; 467λ2−144; 788λ3−137; 318λ4−159; 926λ5 þ 124; 461θ≥0;
−13; 981λ1−17; 925λ2−17; 755λ3−17; 835λ4−21; 088λ5 þ 13; 981θ≥0;
−788; 200λ1−851; 700λ2−825; 500λ3−845; 600λ4−877; 600λ5 þ 788; 200θ≥0;
−381; 658:43λ1−372; 257:53λ2−376; 782:01λ3−389; 288:56λ4−403; 421:11λ5 þ 381; 658:43θ≥0;
−2; 203; 414:51λ1−2; 222; 875:58λ2−2; 345; 312:76λ3−2; 585; 558:27λ4−2; 727; 771:89λ5 þ 2; 203; 414:51θ≥0;
1; 186; 882:42λ1 þ 1; 246; 547:06λ2 þ 1; 327; 893:59λ3 þ 1; 421; 022:05λ4 þ 1; 538; 339:75λ5≥1; 186; 882:42;
λ1 þ λ2 þ λ3 þ λ4 þ λ5 ¼ 1;
λ j≥0; ∀ j ¼ 1;…; 5

Similarly, the PTEBCC scores are calculated in all the
other windows. In a similar manner, the PTEBCC scores
are calculated in all windows for GCO. Clearly, the
PTEBCC scores indicate the stability and lack of signif-
icant dispersion in all windows for both cases. Further,
the PTE scores are equal to 1, or the PTE efficiency, in
seven out of eleven windows for both GVA and GCO.
However, the PTE scores are less than 1 for windows
(2004–2008) till (2006–2010) and (2009–2013) of both
cases, and hence, they are concluded the PTE
inefficient.

Similar to TE scores, it is noticed that the PTE scores
for GVA are equal or larger to their corresponding scores
for GCO. This reveals the negative effect of CO2 emis-
sion on gross value added.

Analysis of scale efficiency

Once the TE scores and PTE scores are estimated, the
scale efficiency (SE) scores are obtained for each win-
dow as TE score divided by its corresponding PTE
score. If the TE score equals PTE score, the SE score
equals 1 and thereby the size of operation is concluded
optimal. Otherwise, returns to scale analysis are required
to determine if the operations of energy production need
expansion or reduction of their sizes. When operations
have a small size, then the facilities/operations’ expan-
sion is needed. In contrast, when inefficiency is due to
the large size of operations, then operations should be
reduced. The SE scores are calculated and then
displayed in Table 6 for both models, where it is seen

Table 6 The SE values and inefficiency scores

Year GVA (Average scores) GCO (Average scores)

TE PTE SE TIE PTIE SIE TE PTE SE TIE PTIE SIE

1999–2003 0.99809 1.00000 0.99809 0.00191 0.00000 0.00191 0.98573 1.00000 0.98573 0.01427 0.00000 0.01427

2000–2004 0.99761 1.00000 0.99761 0.00239 0.00000 0.00239 0.97887 1.00000 0.97887 0.02113 0.00000 0.02113

2001–2005 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000

2002–2006 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000

2003–2007 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000

2004–2008 0.93043 0.98169 0.94778 0.06957 0.01831 0.05222 0.89931 0.97974 0.91791 0.10069 0.02026 0.08209

2005–2009 0.90173 0.99741 0.90407 0.09827 0.00259 0.09593 0.87666 0.99548 0.88064 0.12334 0.00452 0.11936

2006–2010 0.93182 0.99741 0.93424 0.06818 0.00259 0.06576 0.91524 0.99548 0.91940 0.08476 0.00452 0.08060

2007–2011 0.96707 1.00000 0.96707 0.03293 0.00000 0.03293 0.95890 1.00000 0.95890 0.04110 0.00000 0.04110

2008–2012 0.99611 1.00000 0.99611 0.00389 0.00000 0.00389 0.98140 1.00000 0.98140 0.01860 0.00000 0.01860

2009–2013 0.99088 0.99653 0.99433 0.00912 0.00347 0.00567 0.95851 0.98012 0.97795 0.04149 0.01988 0.02205

Average 0.97398 0.99755 0.97630 0.02602 0.00245 0.02370 0.95951 0.99553 0.96371 0.04049 0.00447 0.03629

1308 Energy Efficiency (2016) 9:1299–1313



that the average SE values are less than 1 in eight out of
eleven windows. Consequently, these windows are con-
sidered scale inefficient. However, the SE averages are
equal to 1 in windows (2001–2005) till (2003–2007)
and therefore are concluded the SE efficient. Finally, the
average of SE averages for model I (0.97630) is larger
than that (0.96371) of the GCO.

The analysis of Malmquist index

Generally, most organization set long-term plans
that cover a time span of 5 years. Consequently,

the collected data can be divided into three plans
for the year periods of 1999 to 2003 (plan A), 2004
to 2008 (plan B), and 2009 to 2013 (plan C). The
MPI values are calculated and the results are
displayed in Tables 7 and 8 for GVA and GCO,
respectively. In MPI, the efficiency change mea-
sures the change in relative efficiency over time.
Firstly, the TE values are computed using the
CCR model. For instance, the technical efficiency
value (0.83860) in year 2009 for GVA is calculated
using the inputs and output of years 2004 and 2009
as follows:

TE 2009ð Þ ¼ min θ
Subject to :
−124; 461λ1−187; 937λ2−204; 837λ3 þ 124; 460θ≥0;
−13; 981λ1−20; 820λ2−20; 366λ3 þ 13; 981θ≥0;
−788; 200λ1−1; 034; 200λ2−1; 100; 900λ3 þ 788; 200θ≥0;
−381; 658:43λ1−438; 385:58λ2−866; 085:46λ3 þ 13; 981θ≥0;
−2; 203; 414:51λ1−3; 376; 165:17λ2−6; 472; 183:35λ3 þ 2; 203; 414:51θ≥0;
−1; 186; 882:42λ1−1; 889; 465:18λ2−4; 159; 933:11λ3−1; 186; 882:42≥0;
λ1;λ2;λ3≥0:

Similarly, the other scores of TE are calculated. Then,
the technical efficiency change (TECH=1.138847), which
calculated between years 2009 and 2010, is computed as:

TECH2
1 ¼

TE 2000ð Þ
TE 1999ð Þ ¼

0954424

0:838062
¼ 1:138847

Table 7 The results of Malmquist analysis for GVA

5-year plan Period (t, t+1) TE(t) TE(t+1) TECH change IEIt+1 IEIt + 1→ t IEIt→ t + 1 TECHCH change MPI

1999–2003 (1) 1999,2000 0.83806 0.95442 1.13884 0.91677 0.87249 0.91415 1.04108

(2) 2000,2001 0.95442 1.00000 1.04776 0.99045 0.96363 0.96363 1.00965

(3) 2001,2002 1.00000 1.00000 1.00000 1.03019 1.02708 0.99849 0.99849

(4) 2002,2003 1.00000 1.00000 1.00000 0.97706 1.03359 1.02852 1.02852

Geometric average 0.94570 0.98840 1.04516 0.97776 0.97198 0.97526 1.01930

2004–2008 (1) 2004–2005 0.89734 0.89886 1.00169 0.95250 0.89567 0.96889 0.97053

(2) 2005–2006 0.89886 1.00000 1.11252 1.04638 0.89684 0.87773 0.97649

(3) 2006–2007 1.00000 1.00000 1.00000 0.96981 1.06976 1.05027 1.05027

(4) 2007–2008 1.00000 1.00000 1.00000 0.87816 1.27845 1.20658 1.20658

Geometric average 0.94768 0.97370 1.02745 0.95985 1.02378 1.01888 1.04685

2009–2013 (1) 2009–2010 1.00000 1.00000 1.00000 1.09391 1.11156 1.00803 1.00803

(2) 2010–2011 1.00000 1.00000 1.00000 1.35770 0.99269 0.85507 0.85507

(3) 2011–2012 1.00000 1.00000 1.00000 1.04594 1.41894 1.16474 1.16474

(4) 2012–2013 1.00000 1.00000 1.00000 1.31899 1.01460 0.87705 0.87705

Geometric average 1.00000 1.00000 1.00000 1.19642 1.12267 0.96868 0.96868
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Similarly, the other TECHt→ t + 1 values are calculat-
ed. The TECHt→ t + 1 values in Table 8 for GCO are
calculated in a similar manner.

Further, the technological change reflects the shift in the
best practice frontier over time. The IEIt→ t+1 and IEIt+

1→ t values are calculated for the three plans and then listed
in Table 9. For example, the IEIt=1→ 2 (0.91677) for the
first period (year 1999) of the first plan is calculated using
the input and outputs of the second periods (P2) of years
2000 (P1, 2), 2005 (P2, 2), and 2010 (P3, 2) as follows:

IEI t¼1→2 ¼ min θ
Subject to :
‐149; 467:00λ1‐198; 587:00λ2‐212; 412:00λ3 þ 124; 461:00θ≥0;
‐17; 925:00λ1‐20; 746:00λ2‐20; 398:00λ3 þ 13; 981:00θ≥0;
‐851; 700:00λ1‐1; 158; 700:00λ2‐1; 014; 100:00λ3 þ 788; 200:00θ≥0;
‐372; 257:53λ1‐487; 177:16λ2‐889; 964:75λ3 þ 381; 658:43θ≥0;
‐2; 222; 875:58λ1‐4; 075; 022:65λ2‐7; 249; 382:55λ3 þ 2; 203; 414:51θ≥0;
1; 246; 547:06λ1 þ 2; 095; 851:27λ2 þ 4; 259; 447:55λ3 ‐1; 186; 882:42θ≥0;
λ1;λ2;λ3 ≥0:

And IEIt = 2→ 1 (0.87249) for the second period (year
2000) of the first plan is calculated using the input and

outputs of the first periods (P1) of years 1999 (P1, 1),
2004 (P2, 1), and 2009 (P3,1) as follows:

IEI t¼2→1 ¼ min θ
Subject to :
‐124; 461λ1‐187; 937λ2‐204; 837λ3 þ 149; 467:00θ≥0;
‐13; 981λ1‐20; 820λ2‐20; 366λ3 þ 17; 925:00θ≥0;
‐788; 200λ1‐1; 034; 200λ2‐1; 100; 900:00λ3 þ 851; 700:00θ≥0;
‐381; 658:43λ1‐438; 385:58λ2‐866; 085:46λ3 þ 372; 257:53θ≥0;
‐2; 203; 414:51λ1‐3; 376; 165:17λ2‐6; 472; 183:35λ3 þ 2; 222; 875:58θ≥0;
1; 186; 882:42λ1 þ 1; 889; 465:18λ2 þ 4; 159; 933:11λ3‐1; 246; 547:06≥0;
λ1;λ2;λ3≥0:

Table 8 The results of Malmquist analysis for GCO

5-year plan Period (t, t+1) TE(t) TE(t+1) TECH change IEIt + 1→ t IEIt→ t + 1 TECHCH change MPI

1999–2003 (1) 1999,2000 0.79477 0.86052 1.08273 0.81532 1.08272 0.94723 1.02559

(2) 2000,2001 0.86052 1.00000 1.16209 0.87119 1.16210 0.87568 1.01762

(3) 2001,2002 1.00000 1.00000 1.00000 1.02155 1.00000 0.99880 0.99880

(4) 2002,2003 1.00000 1.00000 1.00000 1.02669 1.00000 1.06325 1.06325

Geometric average 0.90939 0.96314 1.05911 0.92904 1.05911 0.96879 1.02605

2004–2008 (1) 2004–2005 0.84590 0.84033 0.99342 0.84446 0.99342 0.98658 0.98008

(2) 2005–2006 0.84033 1.00000 1.19001 0.84136 1.19001 0.82580 0.98271

(3) 2006–2007 1.00000 1.00000 1.00000 1.05504 1.00000 1.05311 1.05311

(4) 2007–2008 1.00000 1.00000 1.00000 1.21101 1.00000 1.17740 1.17740

Geometric average 0.91821 0.95744 1.04273 0.97610 1.04273 1.00254 1.04537

2009–2013 (1) 2009–2010 1.00000 1.00000 1.00000 1.08730 1.00000 1.00629 1.00629

(2) 2010–2011 1.00000 1.00000 1.00000 0.99088 1.00000 0.88433 0.88433

(3) 2011–2012 1.00000 1.00000 1.00000 1.30924 1.00000 1.12394 1.12394

(4) 2012–2013 1.00000 1.00000 1.00000 1.01164 1.00000 0.89876 0.89876

Geometric average 1.00000 1.00000 1.00000 1.09296 1.00000 0.97371 0.97371
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The other IEIt→ t + 1 and IEIt + 1→ t estimates are
calculated in a similar manner. The technological
change (TECHCH) estimates are calculated for each
window. For example, the technological change,
TECHCH1

2, between years 1999 and 2000 equals
0.914148 is calculated as:

TECHCH2
1 ¼

TE 1ð Þ � IEI2→1

IEI1→2 � TE 2ð Þ
� �1

2

¼ 0:838062� 0:872485

0:954424� 0:916768

� �1
2

¼ 0:914148

Finally, MPI during the period of 1999–2000 is fi-
nally calculated as:

MPI ¼ TECH2
1 � TECHCH2

1

¼ 0:914148� 1:138847 ¼ 1:041075

The MPI estimates for the other periods are calculated
in a similar manner. The MPI values are calculated for
GCO similarly and then the results are displayed in Table 8.

Research results

Results of window analysis

Providing guidance on what can be achieved in the short
and long terms is done by decomposing technical effi-
ciency scores into pure technical efficiency and scale

efficiency. The TIE, PTIE, and SIE for the technical,
pure technical, and scale inefficiencies, respectively, are
summarized in Table 6 and used for determining the
main contributor of inefficiency. In GVA, it is noted that
the averages of TIE (0.02602), PTIE (0.00245), and SIE
(0.02370) averages are smaller than their corresponding
in GCO of 0.04049, 0.00447, and 0.03629, respectively.
This result reveals the influence of CO2 emission on
technical efficiency. In order to improve the efficiency,
energy planner should set plans to reduce CO2 emission
in order to improve the technical performance by using
environmental friendly energy sources. Further, the TIE
values are zeros in windows (2001–2005) till (2003–
2007), (2007–2011), and (2008–2012) in both cases,
which indicate the operational efficiency in producing
maximum gross added value from the given set of
inputs. However, in the other windows, the TIE values
are greater than zero, which indicates the deficiency in
reducing input excess and turn it to maximize the gross
value added. Moreover, the PTIE values are zeros in
windows (1999–2003) till (2003–2007). Consequently,
these windows reveal the management efficiency in
planning and utilizing the inputs. In contrast, caused
by poor input, utilization or managerial inefficiency is
the cause of inefficiency in windows of which the PTIE
is nonzero. Finally, the SIE values are zeros in windows
(2001–2005) till (2003–2007). In this case, the scale is
optimal and hence there will be no efficiency gain by
changing the scale of production. Consequently, intro-
ducing new technology, technology-based energy alter-
natives are encouraged. Similar conclusions are

Table 9 The returns to scale under BCC

Window 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 CRS IRS

1999–2003 CRS IRS CRS CRS CRS 4 1

2000–2004 IRS CRS CRS CRS CRS 4 1

2001–2005 CRS CRS CRS CRS CRS 5 0

2002–2006 CRS CRS CRS CRS CRS 5 0

2003–2007 CRS CRS IRS IRS CRS 3 2

2004–2008 CRS IRS IRS IRS CRS 2 3

2005–2009 IRS IRS IRS CRS CRS 2 3

2006–2010 IRS IRS CRS CRS CRS 3 2

2007–2011 IRS CRS CRS CRS IRS 3 2

2008–2012 CRS CRS CRS IRS CRS 4 1

2009–2013 CRS CRS IRS CRS CRS 4 1

Majority CRS IRS CRS CRS CRS CRS IRS IRS IRS CRS CRS CRS IRS CRS CRS 39 16
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obtained from the analysis of TIE, PTIE, and SIE values
for GCO. Table 9 identifies the returns to scale for each
window, where it is noted that 39 out of 55 data lines are
CRS that is operating at optimal scale level. However,
the returns to scale in 19 out of 55 are IRS. That is, the
proportional of all input levels produces less than the
proportional increase in the gross value added. Conse-
quently, the size of the scale should be expanded to
optimize scale and reduce excess input slacks.

On the other hand, observing the returns to scale for
each year in Table 9, it is seen that the 5 out of 15 years
are IRS, including years 2000, 2005–2007, and 2011,
which are technically inefficient but pure technical effi-
cient is shown in Tables 4 and 5. Consequently, the main
contributor of technical inefficiency is only the scale
size.

Results of Malmquist index

Observing theMPI values for GVA,which is displayed in
Table 7, it is found that the efficiency change (TECH) is
greater than 1 for all the three plans. This indicates
positive efficiency change relative to the previous period.
However, the technological change (TECHCH) values
are found smaller than 1, which indicates change de-
crease, for the first, second, and third plan in three, two,
and two out of four, respectively. To illustrate, for the first
plan in GVA, the MPI (0.99849) of the third period
indicates that the productivity in year 2002 decreases
relative to year 2001, while a productivity decrease is
observed in years 2005 and 2006 in the second plan. For
the third plan, a negative productivity growth is observed
in years 2011 and 2013. Knowing that the positive effi-
ciency changes, the contributor to MPI decrease is due to
TECHCH. Further, the geometric average is larger than 1
for the first (1999–2003) and second (2004–2008) plans,
whereas it is less than 1 for the third plan (2009–2013).
Similar results are concluded when analyzing the MPI
values for the three plans for GCO. As a result, the energy
sector should focus on introducing new technology to
face the decrease productivity growth.

Conclusions

In this research, DEA window analysis and Malmquist
index are employed to assess the energy efficiency and
productivity growth of the industrial sector in Jordan over
the period of 1999 till 2013. Two cases are evaluated; the

first model (GVA) treats the gross value added as the
output, whereas the second model (GCO) considers CO2

emission and gross value added as the undesired and
desirable output, respectively. Five input factors are iden-
tified, including the energy consumption, number of
employees, number of establishments, compensation of
employees, and intermediate consumption. Correlation
analysis is carried out to examine the factor relations.
DEA window analysis and Malmquist index are then
used in data analyses. The CCR and BCC models are
utilized for calculating the technical and pure technical
efficiency, respectively. Then the technical, pure techni-
cal, and scale inefficiency averages, TIE, PTIE, and SIE,
respectively, are calculated. Understanding the sources of
inefficiency and reducing excessive energy consumption
and intermediate consumption are the main solution to
maximize gross value added. Further, increasing returns
to scale is observed in 19 out of 55 data lines, which
indicate that the size of the operational scale (number of
employees and establishments) should be increased to
optimize scale. Finally, the results of Malmquist index
showed that the geometric average is larger than 1 for the
first (1999–2003) and second (2004–2008) plans, where-
as it is less than 1 for the third plan (2009–2013). This
result indicates the need for introducing technology rather
than increasing efficiency is the way to achieve the
productivity growth. In conclusions, the progress of effi-
ciency and productivity should be regularly during the
formulation, application, and evaluation of energy policy
for the industrial sector in Jordan.
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