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A STUDY ON ECO-EFFICIENCY OF THE MANUFACTURING
SECTOR IN MALAYSIA

This study evaluates the technical and eco-efficiency of manufacturing industry in Malaysia
over the period of 2001—2010 by applying data envelopment analysis (DEA) and directional dis-
tance function (DDF) approaches. The evaluation is carried out through the joint production
Jframework involving desirable and undesirable outputs. For overall result, Pulau Pinang, Sarawak
and Labuan appeared to be the most efficient states for both technical and eco-efficiency with
Terengganu being the least. It is also observed that the omission of the undesirable output in the
analysis may lead to misleading results on the technical efficiency level indicating erroneous mod-
elling of the production process. The findings of this study offer insights to policy makers and man-
ufacturers of the ways to improve the level of efficiency in the context of achieving sustainabile
development.

Keywords: eco-efficiency, technical efficiency, undesirable outputs, data envelopment analysis,
directional distance function.

Hyp Acis Pamai, Cycina Mynicami
JOCIIIKEHHS EKOJOITYHOI EOEKTUBHOCTI
BUPOBHUYOI'O CEKTOPY B MAJIAI3II

Y cmammi ouineno mexniuny ma exoaoziuny egexmuenicmov 0o6po6Hoi npomucaogocmi 6
Maaaiizii 3a nepiod 2001—2010 pp. i3 3acmocyéannam anaiizy cepedosuuia (yHKUioHy8anHs i
dyuxuii siocmani. Ouinlo6anHs npoeedeHo 3a M00eAI0 CRIAbHO20 GUPOOHUYMEA 3 YPAXYBAHHAM
baxcanux i nebaxcanux nacaioxie. HaiiGiabm mexniuno ma exoao2iuno egexmuenumu
wmamamu euseuaucs Ilyaay-Ilinane, Capasax i JlaGyan, naiimenw epexmuenum — Tepenzeany.
Sxwo 3nexmyeamu nebajcanumu pe3yibmamamu GUPOOHUUMEA 8 AHAAI3I, MONCHA ompuMamu
NOMUAKOBI BUCHOBKU NpO pieHb MeXHiMHOI ehexmueHocmi, w0 6KA3YE HA NOMUAKOGE
MoOeal06anHa 6upOOHUMUX npouecié. 3a peszyabmamamu O00CAIOHCEHHA 3ANPONOHO6AHO
PeKomeHoauii 041 KepiGHUKIE w000 cnocobie nideuuieHHs pieHA ehexmuenocmi 6 KoHmexcmi
KOHUenuii cmaao2o po3eumky.

Karouosi caosa: exonoeiuna egexmusHicmv, mexHiyHa epexmusHicmv, HeOaNCaHi HACAIOKU,
aHaniz cepedosuiya YHKYIOHYEAHHS, (DYHKUYIS 8i0CMaHi.
Dopm. 7. Taba. 2. Puc. 4. Jlim. 20.

Hyp Acus Pammm, Cycuia MwncaMn
NCCIEAOBAHUE DKOJIOT'MYECKOU DPOOEKTUBHOCTNA
ITPON3BOJICTBEHHOI'O CEKTOPA B MAJIAI3N

B cmamve ouenena mexnuueckas u s3xonocuqeckas Ipghexmuenocmo o6padamotearouleii
npomvruaennocmu 6 Maaatizuu 3a nepuod 2001-2010 ze. ¢ npumenenuem aunaausza cpeovt
dynxuuonuposanus u gynxuyuu paccmosnus. Ouenka npoeedenHa no Mooeau COBMECHIHO20
npOU3800CMEa C Y4UemoM JHCeAAMeAbHbIX U HedceaameavHvix nocaedcmeuii. Hauboaee
mexHuuecKku u Ixoaoutecku 3ghpexmuenvimu wmamamu oxazaauce Ilyaay-Ilunane, Capasax u
Jabyan, naumenee s3pgpexmuenvim — Tepenzeany. Ecau npeneGpeuv HedceasameavHvlmu
pe3yavmamamu npou3eo0cmea 8 AHAAU3e, MONCHO NOAYHUMb OWUOOUHbIE 6bl6O0bI 00 yposHe
mexHuueckoli 3pgexmusnocmu, umo yKasvléaem Ha oOwWUOGOUHOE MOOeAUPOGAHUE
npouseodcmeennvix npoyeccos. Ilo pesyasmamam uccaedoeanus npeodiodcenvl peKomMeHoauuu
045 pykosodumeaeii OMHOCUMEAbHO CNOCO608 NOGbIUEHUS YPO6HA IPdexmuenocmu 6
KOHMmeKcme KOHUenuyuu yCmou1ueo2o pa3eumusl.
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Karouesvie caosa: »sxonocuveckas s¢hgexmusnocms, mexHuueckas Ipgpexkmusnocms,
HedcenamenbHble NOCAe0CMBUsl, AHAAU3 CPeObl PYHKUUOHUPOBAHUS, PYHKUUSA PACCMOSHUS.

1. Introduction

In recent years, there has been a growing concern about the global environmen-
tal sustainability. Increased economic activities, especially in industrial countries, has
been recognised as yielding environmental pollution, and manufacturing activities is
no exception to this. Malaysia, which has transformed from a predominant agricul-
tural economy to an industrialized one over the last three decades, is one of the largest
emitter of CO, with a total of 164.2 mIn tons from fuel combustion and has one of the

largest carbon footprint at 5.98 tons per person amongst the South East Asian coun-
tries in 2009 (International Energy Agency, 2011). Total CO, emission in Malaysia
has increased by 235.6% from 1990 to 2009 and the manufacturing sector contributes
20% of total CO, emission in 2009 (International Energy Agency, 2011). Malaysia
needs to move to a greener economy which implies meeting development and envi-
ronmental sustainability which will take into consideration not only economic but
also environment criteria. The assessment of environmental performance is impor-
tant to monitor and evaluate firm performance in terms of both economic and eco-
logical efficiency (or eco-efficiency) in order to achieve environmental sustainability.
The underpinnings of the efficiency measurement began with the work of
Debreu (1951) and Koopmans (1957). Debreu provided the first measure of efficien-
cy, which is the 'coefficient of resource utilization' while Koopmans was the first who
defined the concept of technical efficiency. Technical efficiency focuses on the abili-
ty to increase the output while keeping the input constant or the ability to reduce the
input while keeping the output constant. Technical efficiency involves either a single
or multiple input and output in the analysis. When incorporating undesirable outputs
such as pollutants, the measurement of environmental or ecological efficiency in
paramount. The concept of eco-efficiency can be classified as a measurement of effi-
ciency with the integration of environmental pollutions that are regarded as undesir-
able outputs together with desirable outputs (Arocena and Waddams Price, 2002).
Recent scientific research indicates that not enough attention is paid to the inte-
gration of environmental concerns into the standard economic efficiency measures.
A non-parametric technique for efficiency analysis, data envelopment analysis
(DEA) introduced by Charnes et al. (1978) has been employed for environmental
performance evaluation (see Coli et al., 2011; Choia et al., 2012; Jaraitea, Maria,
2012; Wu et al., 2012). Pollution is measured as undesirable or bad outputs of a pro-
duction model and is treated as freely disposable inputs. Another approach that has
gained popularity called the directional distance function (DDF) approach proposed
by Chung et al. (1997) uses the hyperbolic DEA method based on the notion of weak-
ly disposable undesirable outputs as pollution reduction is considered to be costly.
Despite the existence of many DEA-related approaches for modelling environ-
mental performance, there is a lack of studies in Malaysia employing it to analyse the
eco-efficiency of manufacturing firms in Malaysia. Therefore, this study applies the
DEA and DDF approaches to evaluate the technical and ecological efficiency of
manufacturing industries in Malaysia at the state level over the period of 2004 until
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2009 by using a joint production framework involving desirable and undesirable out-
puts simultaneously.

2. Methodology

In this study the authors apply two models to measure efficiency. First, the tech-
nical efficiency is measured employing DEA subject to desirable output only, ignor-
ing the undesirable one. Next, the DDF approach has been used to measure eco-effi-
ciency using a joint production framework incorporating both the desirable and the
undesirable outputs.

DEA is a linear programming technique for measuring the relative efficiency of
a set of decision making units (DMUS) or units of assessment in the use of multiple
inputs to produce multiple outputs. DEA identifies a subset of efficient 'best practice’
DMUs and for the remaining DMU s, their efficiency level is derived by comparing
them to a frontier constructed from the "best practice’ DM Us. Each DMU is analysed
separately to examine whether the DM U under consideration could improve its per-
formance by increasing its output or decreasing its input. DEA can be viewed as a
benchmarking technique, as it allows decision makers to locate and understand the
nature of the inefficiencies of a DMU by comparing it with a selected set of efficient
DMUs with a similar profile. To begin with this analysis, some notations have been
made. Let x OR. represents an input vector and y R represents an output vector.
Thus, x; represents the /™ input, and y; represents the J™ output of a DMU.

S ={(x,y) : x can produce y} (1)

The above formula defines production possibilities as the set of input-output vec-

tors that are attainable given the production technology (S). Following Fare et al.

(1994) the connection between DEA efficiency measurement and the representation
of the technology is given by

im

N
S={(x,y): zznx,n <x,_;i=12,...1
N n=1 . (2)
Zznyjn 20, =12,...,J;
"z 20n=12,...N}
The mathematical formulation in case of strong disposability and output orient-
ed DEA — CRS model for DM U m based on the given technology above is as follows:
Max 6,
Subject to
N
D ZoXin S X3l =12,
n=1
N
Zznyjnzemyjm;j:1,2,...,J G)
"z 20n=12,...N,
where z,, — intensity variables, x;, — i input of the n'* DMU, y;, — j* output of the n'"
DMU, x;,, — " input of the m"™ DMU, y;,, — j* output of the m® DMU and
n=1,2,...,N DMUs.
The DEA output oriented envelopment model seeks a set of z values which max-
imize the 6,, and identifies a point within the production possibilities set, whereby
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output levels of DMU m can be increased as high as possible proportion while input
remain at current level (Ramanathan, 2003). The efficiency scores of DMUs in this
model are bounded between zero and one. The best performing DM Us are assigned
an efficiency score of one while the performances of other DM Us that score less than
one are inefficient. In this analysis, a constant return to scale (CRS) technology
assumption has been assumed to measure technical efficiency.

To describe the efficient frontier by using the output oriented Data Envelopment
Analysis (DEA) approach, Figure 1 exhibits 5 DMUs, which are A, B, C, D and E.
Assume that all DM Us use a similar quantity of a single input (x) level and 2 differ-
ent quantity of output (y;, ¥») levels. The output oriented DEA identifies A, B, C and
D as the best practice units whereby this line is also known as the efficient frontier.
DMU E lies below the efficient frontier, thus DMU E is regarded inefficient. Point E'
is the benchmarking standard for DMU E. The efficiency score for DMU E can be
computed by 0E/OE' which is the ratio of radial distances. This implies that DMU E
can improve its efficiency by as much as EE'/OE' to hit the target E'.

Y2

Y1

Figure 1. Efficient frontier for output oriented DEA model

Nevertheless this conventional DEA model accounts for only 2 categories of vari-
able which are the input and the desirable output variables. When undesirable outputs
are present, the model of DEA is no longer applicable. For instance, in Figure 1, DMU
E is inefficient and its efficiency can be evaluated by referring to the frontier lines on
DMU E'. This evaluation implies that DMU E needs to increase both y; and y, in order

to improve the efficiency. If y; axis is substituted by undesirable output (u), then the

concept of undesirable outputs is erroneous within the model of DEA. This is because
the concept of desirable output contradicts with undesirable output. The desirable out-
put needs to be increased while undesirable output needs to be decreased.

In 1997, Chung et al. introduced an approach that incorporated the production
of desirable and undesirable outputs in measuring the efficiency score. The DDF idea
is to expand desirable outputs and reduce inputs and/or undesirable outputs simulta-
neously based on a given direction vector (Chung et al., 1997). The purpose of this
approach is to provide measures of performance that directly account for the reduc-
tions in undesirable outputs.
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To begin with this analysis, additional notations have been added to the formula
(1). To avoid confusion in the model development, the notations used in the direc-
tional distance function are similar to the ones used in previous DEA models.
Let xOR! represents an input vector, yJR; represents a desirable output vector
while tORY represents an undesirable output vector. So now, the above definition
simply describes the "environmental output set” for production technology T.
T=A{(x, y, u) : xcan produce (y, u)} 4)
According to Fare and Grosskopf (2004), if the set is formulated in the DEA
framework, the weak disposability reference technology can be called an environ-
mental DEA technology. The term weak disposability is appropriate if both desirable
and undesirable outputs are released, and the undesirable outputs may not be released
without costs. The environmental DEA technology exhibiting constant returns to
scale (CRS) can be depicted as below:

=12,

n“tin = im>»

N
T:{(x,y,u):Zz X. <X,
N n=1
zny'n Zym’/:1’2’y‘j1
Z me (3)

N
Zznuk,, =U,k=12,...,K;
" z,20,n=12,...,N}
The directional distance function (DDF) on the technology T, can be defined as
below:
D;(x,y,u;9,,9,)=Max{B:(y +Bg,,u-Bg, 0T} (6)
The distance function above attempts to search for the extension of desirable
outputs in the g, direction and reduction of undesirable outputs in the g, direction.
In other words, proportion f seeks to increase the desirable outputs and reduce the
undesirable outputs simultaneously.
The DDF uses linear programming to compute environmental efficiency of the
" DMU under constant returns to scale and weak disposability of outputs assump-
tions. It is formulated as below (see Chung et al, 1997):
Max 3,

Subject to

ZZ,, L SX =12,
Z WYoj 2V ¥BnGy i =12, o
Z,Upy =Upy B9, k=12,...K

z,20,n=12,...,N
where z,, — intensity variables, x,,; — i input of the n" DMU, x,,,,— " input of the m" DMU,
¥y — /" desirable output of the n* DMU, y,,,; — /" desirable output of the m" DMU, u,,, —

k™ undesirable output of the n"" DMU, u,,, — k™ undesirable output of the m" DMU, g, —
direction vector of desirable output and g,, — direction vector of undesirable output.

Z

M=y
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Figure 2 illustrates the environmental output set (7) for the directional distance
function approach which is bounded by 0ABCD0. Assume that all DM Us use a sim-
ilar quantity of a single input (x) to produce a dissimilar quantity of a single desirable
(y) and a single undesirable (u) output. The efficient frontier is represented by the line
0, A, B, C and D. From the illustration, DMU E below is the efficient frontier, thus
it can be categorized as inefficient DMU. Through DDF model, a direction is from
E to E' whereby it has an effect on the levels of both directions — desirable and unde-
sirable outputs and is determined by the direction vector of g =(g,, -g,). If g= (1, -

1) which means that the desirable output is increased and undesirable output is
decreased by 1 and -1, respectively, with an equal emphasise on the expansion of
desirable output and reduction of undesirable output. Therefore, in Figure 2 the
directional output distance function will expand the output bundle (y, u) at E, along
the g direction until it hits the production boundary of y+fg,, u-fg, at E'.

Desirabley)
E!l B

(9, -9u)

0 5 Undesirabled)

Figure 2. Efficient frontier for directional distance function

Additionally, in this study the authors have attempted the efficiency analysis of
the manufacturing sector using the DDF method proposed by Chung et al. (1997)
because it is simple, intuitive and can be easily put into practice. In fact, many pub-
lished papers have used this approach (see Boyd et al., 2002; Watanabe and Tanaka,
2007; Zha and Zhou, 2009; Mandal and Madheswaran, 2010; Piot-Lepetit, 2010;
Wanga et al., 2012). Furthermore, the DDF is flexible as it allows for the evaluation
of efficiency using a single direction vector from the observed points.

This study involves the manufacturing sector in 15 states throughout Malaysia.
In this analysis, two inputs are employed i.e. operating expenditure (opex) and capi-
tal and two outputs: one desirable and the other — undesirable. A single desirable out-
put is sales in the manufacturing industry while undesirable output is carbon dioxide
(CO,) emissions. It has been determined that among the industrial sources of air pol-
lution, CO, is the main by-product of industrial activities as the combustion of fossil
fuels in the manufacturing process produces CO,. Therefore, CO, emission has been
included as an undesirable output in this analysis.

The input and desirable output data for the observed period between 2004 and
2009 were obtained from the Department of Statistics, Malaysia. The data are aggre-
gated values for all manufacturing activities in each state. As no state level data is
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available for the amount of CO, released, the authors calculate the CO, emissions

based on fuel combustion in the manufacturing sector using the 2006 Inter-govern-
ment Panel on Climate Change (IPCC) guidelines for National Greenhouse Gas
Inventories (Eggleston et al., 2006).

3. Research findings

Table 1 and 2 present the results of the technical and eco-efficiency analysis of
the manufacturing sector in 15 states (including the Federal Territories of Kuala
Lumpur and Labuan) throughout Malaysia between 2004 and 2009. The scores for
technical and eco-efficiency were obtained from the equations (3) and (7) respec-
tively. The results are presented by industrial categories of the state i.e. the free indus-
trial zone (FIZ) states and the non-free industrial zone (N-FIZ) states for technical
and eco-efficiency in Table 1 and Table 2, respectively. The FIZ covers a free zone for
manufacturing companies that produce or assemble products mainly for export pur-
poses. The FIZ consists of 5 states, namely, Johor, Melaka, Pulau Pinang, Perak and
Selangor while the N-FIZ are made up of ten states, that is, Kedah, Kelantan, Negeri
Sembilan, Pahang, Perlis, Terengganu, Sabah, Sarawak and the Federal Territories of
Kuala Lumpur and Labuan.

The conventional DEA approach in the equation (3) that measures technical effi-
ciency in Table 1 indicates the presence and extent of inefficient use of outputs and the
possibility for each state to increase outputs while maintaining existing inputs. For
example, in 2004, Perak was 63.8% efficient. This result suggests that Perak could
increase their sales in manufacturing roughly by 36.2% while maintaining the current
inputs of opex and capital. It should be noted that any state that has an efficiency score
equal to 100% is defined as efficient, and a score of less than 100% is regarded as inef-
ficient.

The outcomes as reported in Table 1 show that there are consistent efficiency
scores for each state over the 6 years analysis. For instance, Pulau Pinang performs
almost 100% efficient over the six years except for 2008 in which there is a slightly
drop to 90.3% efficiency score. With a 98% efficiency score in average, the manufac-
turing sector of Pulau Pinang is almost on the production possibility frontier and can
be considered technically efficient.

The impact of the economic crisis that occurred in 2008 has been felt most
strongly in a manufacturing sector of the Malaysian economy. Referring to 2008
annual report published by the bank Negara Malaysia, the crisis started to impact the
Malaysian economy in the fourth quarter of 2008 whereby gross exports declined by
20% during the quarter while manufacturing production declined by 11.1%. This turn
down in manufacturing sector results a subsequent reduction in technical efficiency
score in 2008 particularly for the FIZ states. It can be seen that the FIZ states con-
tributed significantly (92.6%, 92.9% and 92.2%) to the Malaysian economy between
2005 and 2007, and then dropped in their average score to 86.1% in 2008. Out of five
states under FIZ category, Pulau Pinang appears the only state experiencing an
impressive increase which is about 10% in their efficiency score after the economic
crisis, from 90.3% in 2008 to 99.7% efficient in 2009. Other states including Johor,
Melaka, Perak and Selangor in FIZ states exhibit decreasing efficiency score.

As for N-FIZ states, Terengganu remained the least technically efficient
throughout the study period with an average efficiency score of 68%. Terengganu
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consistently has the biggest potential to increase sales on average of up to 32% since
this state is significantly below the efficient frontier. On a year-by-year basis, the
trends seemed to fluctuate for all the states except for the state of Sarawak. The trend
for Sarawak seemed to be upward. For instance, the efficiency score was 83.1% in
2004, and then increased drastically to 98.1% in 2005 and consistently 100% between
2006 and 2009. As for Labuan, it can be observed that this state obtained the greatest
gain in efficiency, growing at an annual rate of 29.3% from 2008 (77.3%) to 2009
(100%) throughout the period of the study.

Table 1. Results of DEA technical efficiency score and rank between
2004 and 2009

Year 2004 2005 2006 2007 2008 2009 Average

State Score/Rank|Score|Rank|Score/Rank|Score|Rank|Score] Rank [Score|Rank|ScoreRank

FI1Z % % % % % % %
1. Johor 848 7 |91.6| 7 [93.7| 7 |94.1| 6 [86.9] 7 |85.6| 7 |89.5 8
2. Melaka 90.1] 5 100 1 [100| 1 100 | 1 1957 4 190.4| 6 [96.0/ 5
3. Pulau Pinang |100| 1 |100| 1 [98.3| 4 |99.9| 4 |90.3] 6 [99.7| 4 |98.0/ 1
4. Perak 63.8| 15 |79.8| 14 |82.5| 12 |78.2| 12 |76.1| 12 |74.0| 13 |75.7| 13
5. Selangor 854 6 |91.4] 8 [90.0] 9 |89.0| 8 |81.7] 9 |80.8| 10 |86.4] 9
Geometric mean | 84.8 92.6 92.9 92.2 86.1 86.1 89.1

N-FIZ

5. Kedah 69.3| 11 |83.0] 12 |81.8| 13 |76.1| 13 |71.4| 13 |74.2] 12 |76.0| 12
7. Kelantan 90.6| 4 [91.3] 9 |96.5| 5 |86.4] 9 |100| 1 [81.4| 9 |91.0] 7
3. Negeri 81.4) 10 [93.1] 6 |93.5 8 (935 7 [90.7] 5 |97.9] 5 |91.7
Sembilan
9. Pahang 65.3| 14 |81.0| 13 |85.4| 11 |84.8| 10 [82.1] 8 [76.2] 11 |79.1| 11
10. Perlis 67.7| 12 |84.2] 11 |78.8| 14 |73.4| 14 |70.9| 14 |72.4| 14 |74.6| 14
11. Terengganu 66.6| 13 [65.8] 15 |70.9| 15 |66.5| 15 |68.4] 15 [69.5| 15 |68.0] 15
12. Sabah 926 3 |94.2] 5 |96.3] 6 [958 5 |100| 1 100 1 |96.5| 3
13. Sarawak 831, 9 |98.1] 4 |100] 1 100 1 100 | 1 100 1 196.9| 2
14. Kuala Lumpur/83.9| 8 |88.0| 10 [88.5| 10 |78.9| 11 |77.6] 10 |83.6| 8 |83.4| 10
15. Labuan 100 1 | 100 1 | 100 | 1 100 1 |77.3] 11 [100| 1 |96.2| 4
Geometric mean |80.1 87.9 89.2 85.5 83.8 85.5 85.3
Total geometric g4 g 89.4 90.4 87.8 84.6 85.7 86.6
mean

The technical efficiency of states across 2004—2009 ranges from as low as 65.8%
to up 100%. Looking at the last column of Table 1, the average technical efficiency
score for FIZ category (89.1%) was a slightly higher than N-FIZ category (85.3%).
The results also indicate that majority of the Malaysian states in the manufacturing
sector experience high technical efficiency with more than a score of 60% during the
6 years period of study. This high technical efficiency by the manufacturing sector
made the Malaysian economy as one of the most remarkable growth records. This
result shows the ample potential that improvements in technical efficiency could
imply for economic growth. In addition, the original data for all the states shows an
increase in operating expenditure and sales from 2004 to 2006 and this has affected
efficiency which can be seen in the total geometric mean in that period whereby it
increased progressively from 81.6% to 89.4% and then to 90.4% in 2006. However, the
subsequent years saw a decline in efficiency, stabilizing at around 85%.

Turning to eco-efficiency score, it indicates the extent of desirable output expan-
sion and undesirable output reduction. For instance, in 2004, Johor was 96.5% effi-
cient. This result suggests that Johor could expand its desirable output by as much as
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3.5% while concurrently contracting its undesirable outputs by 3.5% to achieve full
efficiency.

Under the FIZ category, Melaka and Pulau Pinang achieved full eco-efficient
throughout the study period. The results may appear to be counter intuitive as these
states have a lot of manufacturing activities likely to release air pollution. However,
note that eco-efficiency does not only take into account undesirable outputs but also
desirable outputs. The high levels of CO, are concurrent with a high level of inputs
and desirable output. Hence, Melaka and Pulau Pinang are categorized as eco-effi-
cient. On the other hand, Perak is one of the most eco-inefficient states. This is in
keeping with the report that was published by the Department of Environment in
2008 identifying Perak as one of the states with numerous sources of industrial air pol-
lution (Department of Statistics Malaysia 2008).

As for the N-FIZ states, it can be observed that, in 2009, Terengganu had the
biggest potential to expand its desirable output by up to 40.8% while concurrently
contracting the undesirable outputs by about 40.8%, since this state was significantly
below the efficient frontier. Terengganu, which was fully eco-efficient in 2004, per-
formed worse for the subsequent years.

Table 2. Results of DDF eco-efficiency score analysis and rank

Year 2004 2005 2006 2007 2008 2009 Average

State Score|Rank|Score| Rank|ScoreRank|Score|Rank|Score|Rank [Score| Rank|Score|Rank
FIZ % % % % % % %
1. Johor 96.5| 8 [94.2| 11 [93.3] 10 |98.7| 8 |93.9| 8 |89.8| 8 |94.4] 8
2. Melaka 100 1 100 1 [100| 1 100 1 1100 | 1 100 1 |100 1
3. Pulau Pinang 100 1 |100| 1 | 100 | 1 100 1 | 100 | 1 100 1 | 100 1
4. Perak 80.8| 14 |84.2| 14 |78.8| 13 |78.6| 13 |74.2] 13 |79.2| 13 |79.3| 13
5. Selangor 96| 6 |95.2] 10 |91.3] 11 |92.3| 9 1927, 9 |89.7| 9 |93.5] 9
Geometric mean |95.1 94.5 92.3 93.5 91.6 91.4 93.1

N-FIZ

6. Kedah 929| 11 196.8] 7 |95.4) 8 |86.4| 11 |87.0| 10 |87.6| 10 |91.0| 11
7. Kelantan 96.4] 9 190.6] 12 |100| 1 |86.5| 10 [ 100 | 1 |86.8| 11 |93.4| 10
8. Negeri 92.9| 11 |96.5| 8 |94.5| 9 | 100| 1 |99.7 7 |100| 1 |97.3| 6
Sembilan
9. Pahang 75.8| 15 |86.5| 13 |83.7| 12 |84.5| 12 |85.2| 11 |81.5| 12 |82.9| 12
10. Perlis 819| 13 |83.2| 15 |73.1| 15 |71.1| 14 |73.4| 14 |73.3| 14 |76.0| 14
11. Terengganu 100 | 1 |97.0] 6 |73.0/ 14 |59.5| 15 |61.2| 15 |59.2| 15 |75.0| 15
12. Sabah 96.4] 9 |100| 1 [100| 1 | 100| 1 [100| 1 |100| 1 |99.4| 5
13. Sarawak 100 1 | 100 1 [100| 1 100 1 | 100 | 1 100 1 | 100 1
14. Kuala Lumpur{99.4| 7 [96.0| 9 |100| 1 100 | 1 |81.3] 12 |99.5| 7 ]96.0) 7
15. Labuan 100 1 100 1 100 | 1 100 1 | 100 | 1 100 1 | 100 1
Geometric mean |93.2 94.5 91.3 87.6 87.7 87.6 90.6
Total geometric g3 g 94.5 91.6 89.6 89.0 88.9 91.4
mean

The outcome also revealed that Sarawak and Labuan are consistently ranked first
throughout the study period. This could be attributed to the fact that these states have
no heavy industries and manufacturing activities are at their minimum. Thus, the
impact on air pollution is marginal. For instance, the Federal Territory of Labuan, an
autonomous state located within the state of Sabah, is more focused in shipping
routes and offshore oil and gas fields and has limited manufacturing activities such as
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paper industry which contributes only 9% of the manufacturing sector's carbon emis-
sions. Sarawak, on the other hand, is the largest state in Malaysia, and also fully eco-
efficient. 80% of Sarawak's total land area is covered by forest rather than residential
or industrial areas. Therefore, Sarawak is largely free from air pollution.

Comparing technical and eco-efficiency score, the results presented in Table 1
and Table 2 show some perturbations between both the efficiency models. When the
element of CO, is ignored in technical efficiency, only 2 or 3 states are 100% efficient.
However, when the element of CO, is incorporated in eco-efficiency, there are 5—7
states that are measured as 100% efficient. It is worth noting that as the number of
variables increases (for example, with the inclusion of undesirable output in this case)
the efficiency scores and the number of fully efficient states will increase. Apart from
that, most of the total geometric means also exhibit lower technical efficiency scores
than eco-efficiency scores. This indicates that when undesirable output is omitted in
the efficiency analysis, the results can be misleading. The trends in technical effi-
ciency and eco-efficiency are displayed in Figure 3.

100

95
90 ’—’/—:’\‘t\\\i\ - —

80

75 T T T T T
2004 2005 2006 2007 2008 2009

—— Eco-efficiency —#— Technical efficiency

Figure 3. A trend between eco-efficiency and technical efficiency scores

029 945
I35

100

2004 2005 2006 2007 2008 2009

@ Eco-efficiency @ CO2 Emission
Figure 4. A comparison between eco-efficiency score and CO5 emissions

The next observation is on the yearly trend in eco-efficiency as compared to the
carbon dioxide emission over the period between 2004 and 2009. The yearly result has
been presented in Figure 4 where it can be deduced that there is an inconsistent trend
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in eco-efficiency score with CO, emission released from 2004 up to 2009. The high-
est CO, emission released was in 2005 with 19.3% while the lowest was in 2009 with

13.5%. This demonstration shows that the eco-efficiency score is not being solely
influenced by CO, emission but needs to incorporate the levels of inputs and desir-

able outputs as well. All these elements should be combined in order to balance the
goals of socio-economic development whilst keeping the environmental conditions.

4. Conclusion

From the analysis that has been carried out, it can be seen that the directional
distance function model is an appropriate efficiency measurement approach for the
manufacturing sector as industrial activities release pollutant. This model allows to
expand the desirable outputs while simultaneously contracting the undesirable out-
puts. This property is useful in studying the input-output choices of polluting firms
facing actions taken by environmental regulatory body.

The results indicate that Pulau Pinang is the most efficient with a score of 100%
as the top performer under both formulations of technical and environmental effi-
ciencies. The total geometric mean of technical efficiency score is 86.6%, while envi-
ronmental efficiency score is 91.4%. As for the overall result, it indicates that the aver-
age efficiency scores in terms of technical and environmental are greater for the FIZ
compared to N-FIZ states although the differences are not significant. These out-
comes also show that if each state desires to achieve full eco-efficiency, they have to
reduce the amount of CO, emitted and increase the sales. As for the overall result, it

can be observed that the average efficiency scores in terms of technical and environ-
mental efficiencies are greater for the FIZ compared to N-FIZ. This result discloses
that the Malaysian manufacturing activity in the FIZ states which is categorized
under industrial area performs better than the N-FIZ area.

This empirical study also suggests directions in terms of policy, laws and regula-
tions regarding the environmental damages due to manufacturing activities and envi-
ronmental protection that are relevant to the firms or particular industries. Policies
drafted must take into consideration environmental protection besides the sustain-
ability of industrial development. The government may provide a grant for starting a
green business with a purpose of promoting environmental concerns among profit-
making organizations. A green business concept is an involvement of manufacturing
activities that are environmentally friendly. All business operations in such organiza-
tions are committed to follow eco-friendly principles so that the environment is not
adversely affected. The government may also introduce a carbon tax policy for the
organizations. The idea is that polluters will pay per tone of carbon they release into
the atmosphere. This initiative would motivate the organizations to increase their
eco-efficiency levels besides minimizing their environmental liabilities. Furthermore,
this approach could be relatively easy to implement.
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