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Abstract

This paper provides an empirical estimation of gpafficiency and other proximate factors
that explain energy intensity in Australia for fheriod 1978-2009. The analysis is performed
by decomposing the changes in energy intensity &gns of energy efficiency, fuel mix and
structural changes both at sectoral and sub-séd¢weds of the economy. Results show that
the driving forces behind the decrease in enertgnsity in Australia are efficiency effect
and sectoral composition effect, where the fornsefound to be more prominent than the
latter. Moreover, the favourable impact of the cosipon effect has been consistently
slowed down in the recent past. A perfect posiigeociation characterizes the relationship
between energy intensity and carbon intensity istfglia. Given the trends in decomposition
factors, it is necessary to boost energy efficiefusther to reduce Australia’'s overall

contribution to energy intensity and carbon emissim the future.
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Changes in energy efficiency in Australia: A decomgsition of aggregate

energy intensity using Logarithmic Mean Divisia appoach

1. Introduction

As energy accounts for the largest share of graesth@ases (GHG) emissions
contemporary energy and environmental policies idensenergy efficiency to be at the
forefront of policy objectives (Ang 2006; IEA 200Banako 2008; Wilsoret al. 1993). In
retrospect, the recent policy document on climéi@nge in Australia affirmed the need of
improving energy efficiency as one of the key eletaeto reduce the country’s carbon
emissions (Commonwealth of Australia 2011). In Bugopean Union (EU) countries, while
carbon pricing and specific renewable energy targe¢ in place, a separate target has also
been set to reduce energy consumption by 20% i0 #@»ugh the improvement of energy
efficiency (EU 2008). In several summits (2005 ifeli@agles, 2006 in St Petersburg, and
2007 in Heiligendamm), the leaders of group of €iffB8) avowed the role of energy
efficiency in both advanced and emerging econortiesombat climate change, which has
further been reinforced in the 2009 G8 Summit iAduila. A separate policy to improve
energy efficiency is required in order to correat the associated market failure related to
energy efficiency and to encourage cost-effectimergy efficiency actions (Ryan et al.
2011).

In the context of designing appropriate policies|emar exposition of the present state
of energy efficiency and its historical trend woubg of foremost importance. Energy
efficiency trends need to be monitored at both eggte economy and end-use levels, while
the achievement of policies may be evaluated imgeof national aggregates. This requires

the use of a single framework that can adequatefjtuce the perspectives on energy

! Energy use accounted for 83% of anthropogenic @Hsions in Annex | countries in 2008 (IEA 2010).
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efficiency changes from end-use to aggregate |&N@hetheless, the measurement of energy
efficiency is not that straight forward at the sggate level as it is at the lower level of
aggregation. As for example, at the most refine@ll®f disaggregation, energy efficiency
can simply be defined as an inverse of changesnergy intensity (energy per unit of
monetary or physical activity However, this simple measurement of energy effiryemay
not be applicable at the aggregate level as there@ne other factors than efficiency, such
as structural changes, which could contribute éodihserved changes in energy intensity. For
example, if the composition of the economy changesr time from energy intensive
industrial sector to the less energy intensive isergectors, energy intensity can decline
notably without any change in energy efficiencymiarly, at an early stage of economic
development, shifts from low energy intensive secsaich as agriculture to high energy
intensive industrial sector can lead the energgnisity to increase. Similarly, energy
intensity could be affected by the changes in fuel due to the differences in economic
productivity among different energy types (Ma &t 2008). It is, therefore, necessary to
find an appropriate method that can separate autettergy efficiency trends from other
proximate determinants of the aggregate energpsitie Decomposition method can be used
as a suitable tool in this case as it accuratebarstes energy efficiency from the factors
unrelated to the efficiency at a given level ofadigregation, for example, at the sub-
sectoral/end-use levels (Ang & Zhang 2000). Theneooy-wide energy efficiency trend is
thus derived using a bottom-up framework, providirgg meaningful interpretation (Ang
2006).

This paper provides an empirical estimation of gpeefficiency trends and other
proximate factors that explain energy intensityAustralia for the period 1978-2009 by

applying the Index Decomposition Approach (IDA), mmapecifically, the Log Mean Divisia

2 The measure had often been used in the literatutbe 1970s and early 1980s at the aggregate lfvel
economy due mainly to its simplicity and the sdgrof energy consumption data at disaggregate devel
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Index (LMDI) technique. Another branch of IDA isethArithmetic Mean Divisia Index
(AMDI) method, which has been dominantly used ia #arlier studies in Australia (Cox et
al. 1997; Harris & Thorpe 2000; Tedesco & Thorp®20Wilson et al. 1993). In recent
years, there are some studies at Australian BuseaAgricultural and Resource Economics —
Bureau of Rural Science (ABARE-BRS) those have uked_MDI approach (Petchey 2010;
Sandu & Petchey 2009; Sandu & Syed 2008). Sanddi Syed (2008) and earlier studies
made use data for relatively aggregate level, whitst recent studies (Petchey 2010; Sandu
& Petchey 2009) have employed data at more disggtgdevels. Theoretically, the more
disaggregated the series is, the more accuratertbgy efficiency measure is due to less
mix-up of heterogeneous nature of the output atidher level (Ang 2006; Petchey 2010).
This study complements the recent trend is liteeain four mains aspects. Firstly, the time
series used in this study is considerably long@89190 to 2006-07 used by Sandu and
Petchey (2009) and 1989-90 to 2007-08 by Petch@iQ) as compared to 1977-78 to 2008-
09 utilized in this study. The use of longer tinexias enabled us to monitor the trend of
energy intensity, energy efficiency and structdeadtors aftermath the oil crisis in 1970s
along with the changes in recent years, therefareiging rich set of perspectives. Secondly,
this study included the fuel mix effect in the degsition, which has not been covered in
the recent decomposition studies. Thirdly, addeclgohas been given to the electricity
generation sub-sector, which is at the core of €Qissions problem in Australia. Finally, a
succinct review of the decomposition literature Aastralia in the area of energy and
environmental has been provided.

The organization of the paper is as follows: Follgypintroduction in Section 1, Section 2
provides a brief overview of Australia’s energyeinsity and compares the performances with

international standards, Section 3 includes rev@wliterature, section 4 describes the



methodology and data, Section 5 presents and dissuthe decomposition results, and

finally, Section 6 presents conclusions.

2. Overview of Australia’s energy intensity

2.1 Historical trend

While Australia experienced an overall decline mm@aal average growth of total energy
consumption over the last four decades, averagetlron energy consumption remained
relatively unchanged in the 1980s and 1990s (Taplélonetheless Gross Domestic Product
(GDP) grew, on average, at a faster rate and readaabove the growth rate of energy
consumption since 1980s (Table 1). During 2001-2@DBP growth rate in Australia was
about 1.46 percentage point higher than the grefitbtal energy consumption. The pattern
reflects a decreasing energy intensity trend in Alustralian economy in the last three

decades, with a substantial improvement in the mezsint periods.

There are, however, demonstrated variations of troates of energy consumption
across time and sectors of the economy (Tablerigrdy consumption grew at a faster pace
in the “Mining” sector, followed by “Electricity geeration” and “Services” sectors as
compared to other sectors of the economy. The rfiegni growth of energy use in the
“Mining” sector in 1980s reflects the increasing wd natural gas as a field and plant fuel in
the rapidly growing petroleum production sectorsildh et al. 1993). The sectoral
contribution of the “Mining” sector to GDP increassteadily over the period of time so as

its growth in energy consumption (Table 2).



Table 1: Annual growth of energy consumption in Ausalia

1974- 1981- 1991- 2001- 1974-
1980 1990 2000 2009 2009

% % % % %
Agriculture 3.34 1.76 2.65 3.45 2.80
Mining 5.32 7.47 5.53 5.48 5.95
Manufacturing 0.84 1.1 1.13 0.63 0.93
Electricity generation 6.54 3.73 2.99 2.28 3.89
Construction 7.08 0.93 -3.51 -1.12 0.85
Transport 3.15 2.09 2.28 141 2.23
Services' 3.59 3.78 3.78 266 345
Residential 2.15 2.12 1.98 1.15 1.85
Other® 0.96 0.57 1.19 0.01 068
All sectors 3.06 2.37 2.34 1.68 2.36
GDP growth raté 2.78 3.01 3.45 3.14 3.10
Population growth rate 1.2 15 1.2 15 1.4

Notes:
#Includes ANZSIC Divisions F, G, H, J, K, L, M, ®, P, Q and the water, sewerage and drainage neiist

® Includes consumption of lubricants and greasestrigin and solvents, as well as energy consumpticimei
gas production and distribution industries.

“Growth of Industry Gross Value Added, Chain Volumeasures, reference year 2008-09.

Sources: ABARE (2009); Cat no 5206.0 Australianidtet! Accounts: National Income, Expenditure and
Product, Table 33. Industry Gross Value Added, €kalume measures, Annual, Australian Bureau of
Statistics. Cat no 3105: Australian Historical Plagian and Cat no 3101.0: Australian Demographatistics,

Australian Bureau of Statistics.

Table 2: Sectoral share to GDP

1975- 1981- 1991- opgp1- 1975-
1980 1990 2000 2009 2009

% % % % %
Agriculture 3.35 2.81 2.61 234 278
Mining 6.10 6.23 7.76 7.37 6.87
Manufacturing 17.01 15.13 12.64 10.5913.84
Electricity, gas and water supply 3.00 3.37 3.23 662. 3.07
Construction 7.30 6.80 6.09 6.88 6.77
Transport, postal and warehousing 4.71 5.01 5.0828 5. 502
Services 48.37 50.69 5456 56.8852.63
Residential 6.84 7.37 7.43 7.63 7.32

#Industry gross value added (chain value measuierereee year 2007-08) at basic prices.
Source: ABS (2010a).



“Electricity generation”, “Transport” and “Manufaging” are the three dominant
sectors of Australia’s total energy consumptiorgetber representing about 78 percent of
total energy consumption during 2001-2009 (Table/@hile growth of energy use declined
steadily for the “Electricity generation” sectoremhe last three decades (Table 1), its share
to total energy consumption increased substantfatlgn 21 percent during 1974-1980 to
about 30 percent during 2001-2009 to support tlevigng demand for electricity in the
economy (Table 3). The increasing share of thectélaty generation” sector to total energy
consumption resulted in an increasing use of cotle primary energy mix over the last four
decades (Figure 1). On the other hand, both ergrayyth (Table 1) and share to total energy
consumption (Table 3) declined gradually for theatfacturing” and “Transport” sectors
over the same period of time. In the “Manufactutirsgctor, annual growth of energy
consumption increased in the 1980s and 1990s (Tahbespite its declining output share to
GDP (Table 2). In the “Services” sector, averagangin of energy consumption remained
unchanged in the 1980s and 1990s, while the outpntribution of the sector increased
steadily over the period of time (Table 2). Thetdbation of “Services” sector stood about
57 percent of GDP but only about 5 percent of tetedrgy consumption during 2001-20009.
“Manufacturing”, however, constituted, about 23qgast of total energy consumption for all
sectors of the economy as compared to about 1kmeshare to GDP during 2001-2009
(Table 3). The declining share (output) of “Manufaig” and increasing share of

“Services” over the period postulate the sectdndt sf the Australian economy.

To sum up, the above analysis indicates that thexea number of factors, such as
economic activity, structural change and fuel niattcould possibly explain the changes in
energy consumption pattern in the Australian econom the last four decades. It is,
therefore, pertinent to segregate the factors gpately to identify the relative role of

energy efficiency in energy consumption in Austaali



Table 3: Sectoral composition of total energy consaption

1974- 1981- 1991- 2001- 1974-
1980 1990 2000 2009 2009

% % % % %
Agriculture 1.46 1.58 1.43 1.7 1.54
Mining 2.46 2.88 4.97 6.28 4.15
Manufacturing 33.18 27.83 25.51 23.09 27.40
Electricity generation 21.12 26.44 27.42 30.11 26.27
Construction 1.13 1.07 0.74 0.5 0.86
Transport 26.33 26.41 25.7 24.72 25.79
Services 3.26 3.56 4.16 4.6 3.90
Residential 8.85 8.36 8.18 7.53 8.23
Other® 2.16 1.86 1.58 1.46 1.77
Total 100 100 100 100 100

?Includes ANZSIC Divisions F, G, H, J, K, L, M, N,,®, Q and the water, sewerage and
drainage industries.

® Includes consumption of lubricants and greasestgh and solvents, as well as energy
consumption in the gas production and distribuir@ustries.

Source: ABARE 2009

Figure 1: Changes in fuel mix in total energy consuption
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Notes: “Renewables and other” includes hydro dlg@ttr wind, solar, Bio-fuel, wood &
wood-waste and Bassage.

Source: Author’'s compilation using data from Aukéiraenergy consumption by fuel,
Table C, ABARE 2009.



2.2 Australian’s energy intensity as compared ®itfternational standard

While Australia achieved a decline in aggregatergnantensity over the last few
decades, its achievement is relatively weaker aspaoed to the competing advanced
countries. As shown in Table 4, aggregate energpnsity in Australia remained well above
the one in OECD countries since 1990s. Indeed, @&D countries experienced a steady
decline in energy intensity following the oil precehock in mid-1970s, which continued in
the subsequent decades. Australia, on the othet, lexperienced an increase in energy
intensity during the period of 1970-1977 beforeemigncing a fairly strong decline until the
mid-1980s. The declining trend of energy intengityAustralia then discontinued until the
early 1990s but again experienced a gradual dettinoeigh the 1990s to recent times.

Table 4: Ratio of total primary energy supply (TPES to GDP in Australia as compared
to selected advanced countries

GDP per

capita TPES/GDP (PPP) (toe per thousand 2005 Internattijnal

PPP

2005 1980 1985 1990 1995 2000 2005 2006 2007
Australia 34167.26 0.22 020 021 019 0.18 0.17170.0.17
France 31377.51 0.17 0.17 0.16 0.16 0.15 0.15 0.043
Germany 33572.47 0.22 021 0.17 0.5 0.13 0.13 0.032
Italy 28144.01 0.12 0.1 0.1 0.11 0.1 0.11 o0.11100
Japan 30310.34 0.16 0.14 0.14 014 024 0.13 01330
Netherlands 35104.53 0.21 0.18 0.17 0.16 0.14 0.pb413 0.13
New Zealand 24876.47 0.17 018 0.21 0.21 0.20 0.0616 0.16
Switzerland 35733.14 0.11 0.1 0.11 0.0 0.10 0.mM10 0.09
UK 32690.14 0.19 0.17 0.15 0.15 0.3 0.11 0.1 o0.10
USA 41832.65 031 026 024 023 021 019 0.18 80.1
High income: OECD 29808.72 0.23 0.20 0.19 0.18170.0.16 0.15 0.15

aConstant 2005 international $.

Source: Authors’ elaboration of data from the Wdkhk (2010)
Figure 2 shows the performance of energy intensitAustralia as compared to the
USA. As can be seen in the figure, energy intengityhe USA was considerably higher than

that of Australia in the 1960s and 1970s. Sincé/d&80s, while energy intensity in both of

the countries has experienced a declining trendrggnintensity in USA reduced more
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sharply than that in Australia. A similar trendaiso witnessed in the case of Germany, which
experienced a very similar level of energy intgnsit Australia in the early 1970s, which,
however, was followed by a considerably steepelirtkein the last four decades (Table 1).
Given the trends, Australia’s energy intensity rered well above the most advanced
countries’ in the last three decades. Australierdfore, needs to have a substantial

improvement of energy efficiency to keep pace whih advanced countries.

Figure 2: Trends of aggregate energy intensity: Astralia vs. USA

.35

.30\\

.25

15
B O e e e e e o e e e e o e e B S B N e e e e e e e e

QO ¢ o™ 6 B N VX o O I XL
——Australia —USA
Notes: Energy intensity calculated as the ratidotdl primary energy consumption (toe per

thousand 2005 International $) against GDP (PPBtaoh2005 international $).
Source: Authors’ elaboration of data from the Wdskhk (2010).

Focacci (2003) found that falling energy intensigs historically been accompanied by
reducing CQ intensity in Italy, Japan, UK and USA. In caseAaifstralia, the country does
not seem to have experienced any significant résludh either energy intensity or GO
emissions intensity in the 1980s and 1990s (Foc2@@B). Gelleret al. (2006) reported that
the Australia’s reduction in energy use per unit @DP and improvement of energy
efficiency (i.e., energy intensity effect as seerFig 2) is relatively lower than the major

OECD countries.
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3. Review of literature

A rich body of literature has emerged employingateposition method in energy and
environmental analysis since 1980s (see, Ang & gh2000, for a survey ). Early studies
mostly focused on the industrial energy consumpt@ark et al. 1993), while the recent
trend has been to extend the analysis to an ecomodeylevel by appropriately combining
sectoral and sub-sectoral data (Greening et alZ;198 & Stern 2008; Petchey 2010; Sandu
& Petchey 2009). While the relative roles of th&cedncy effect and structural effect are
country specific (Greeningt al. 1997), the literature places emphasis on the ieffay
effects in reducing energy intensity, especiallyhi@ advanced countries’ cases (IEA 2004).

In case of Australia, Wilson et al. (1993) utilizéxd AMDI method, which has been later
replicated in other studies in subsequent yearsxamine energy intensity or efficiency
trends in Australia (Cox et al. 1997; Harris & Tper2000; Tedesco & Thorpe 2003). More
recently, Sandu and Syed (2008), Sandu and Pet@889) and Petchey (2010) have
applied the LMDI approach to decompose end useggnertensity in the Australian
economy. On the other hand, Wood (2009) adoptedsthuetural decomposition analysis
(SDA) to examine the impacts of industrial effiagrand other proximate factors on changes

in greenhouse gas emissions in Australia.

The results from the previous studies are mixdt vaspect to the relative importance of
the real intensity effects and composition effartschanging energy intensity. Wilson et al.
(1993) and Cox et al. (1997) found the role of rnedéénsity to be dominant in changing
aggregate energy intensity in Australia. On theeothand, in a relatively recent study,

Tedesco and Thorpe (2003) found that structurdbfaqe.g., reduction of energy intensive

% The difference between IDA and SDA is that théelatises an input-output model, which can be agptiea
given set of energy and production data at anyl leivaggregation. These two methods have been dped|
independently in the literature and pose distimbstamtages and focus. Interested readers can cdisekstra
and van den Bergh (2003) for a comparison betwieem t
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production activities) played a dominant role incldeng aggregate energy intensity in
Australia over the period 1974-2001. From the dgumsition results for total energy
intensity, they found that real intensity actuatigreased in the latter part of the 1990s after
remaining relatively unchanged in the first halftbé decade. On the other hand, in the case
of final energy consumption, real intensity incesluring mid-1980s to mid-1990s before
experiencing a sharp decline in the following peérd the sample (Tedesco & Thorpe 2003).
A more consistent and possibly stronger downwaeddrof structural effect was observed in
the 1990s in the case of both total and final enertensity in Australia. Petchey (2010) and
Sandu and Petchey (2009) also noted the sustaiegohal of real intensity, however, not
discussed explicitly the role of the structuraltfas, at least at the aggregate economy
context. Another major finding from some of thepoais studies is that the changes in real
energy intensity were mainly attributed to the deumn fuel mix (Harris & Thorpe 2000;
Tedesco & Thorpe 2003). The result is, howevefeddht in Wilsonet al.(1993) and Coxet

al. (1997), who found little evidence of fuel mix eftda declining energy intensity since
mid-1980s. Note that, the fuel mix effect in theorakaid studies is investigated as a
factorization of real intensity effect, not as &tta of total energy intensity (Wilsoet al.
1993). In this methodological approach, real intgnis explained as fuel mix effect and as
an unaccounted (residual) component used as a mbxgchnical efficiency (Liuet al.
1992). Therefore, the premise of the approachasdh unaccounted or residual factor exists
in the decomposition analysis. With respect to detepdecomposition, where there is no
residual factor in the model, the use of this apphothus becomes problematic to quantify
technical efficiency. Recent trend in literaturehas to investigate the fuel mix effect as part
of the function of aggregate energy intensity (eMp & Stern 2008). As mentioned above
the methodological feature of the aforesaid studmedustralia is the use of an AMDI

approach. In a recent study on £$nissions in Greece, Hatzigeorgieual. (2008) found a
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large positive fuel share effect using the AMDI eggzh. On the other hand, in the case of
perfect decomposition by a LMDI approach, the &lere effect was found to be small and
negative (Hatzigeorgioet al. 2008). Therefore, the measurement of fuel mixatffe the
previous studies in Australia could be distorte@ do the use of an AMDI approach as it
provides imperfect decomposition. In recent studiesAustralia, i.e., Sandu and Syed
(2008), Sandu and Petchey (2009) and Petchey (20d0)ot include the role of fuel mix

effects in the decomposition analysis.

4. Methodology and data

Both AMDI and LMDI methods are built upon the thetical rigor of Divisia
aggregation. Boyet al(1987) proposed the Divisia index approach in gnelecomposition
analysis, where the index is defined as a weiglateetage of logarithmic growth rates.
Another commonly used index number approach usédeirenergy decomposition literature
is the Laspeyres index (Park 1992; Zhang 2003thén Laspeyres index the weights are
based on values on some base year. Thereforegdbksrare sensitive to the choice of base
year. Ang and Choi (1997) pointed out that the |emmls with the base year weight in
isolating two or more effects. In particular, igeda of each main effect associated with a
change in the corresponding variable to energywapsion/intensity, while holding all other
variables constant with respect to the base yeay, lead to an unexplained residual value
(Ang & Choi 1997; Ang & Zhang 2000). In the caseaoDivisia index, the weights are
allowed to change over time. Another differencenaein Laspeyres index and Divisia index
is that the former is based on the concept of j¢age change while the latter is based on the
concept of logarithmic change. According to Tornsget al. (1985), log change “is the only
symmetric, additive, and normed indicator of relatchange” (p. 43). There are, however,

still some differences with respect to the deseghiperties between the methods linked to
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Divisia, such as AMDI and LMDI. As discussed by A(@004), while both AMDI and
LMDI approaches satisfy the time reversal test, UMiB the only approach out of the two
that satisfies the Fisher's (1922) factor reveteat (Ang & Zhang 2000; Sato 1976). From
an application point of view, both AMDI and LMDI pmaches pose computational
problems with zero values as they are based orHagges. This is particularly true when
different fuel vectors are included in the analywisexamine the fuel mix effects. This is
gquite common that the consumption of a particull fype is not observed for one or more
periods in an economic sub-sector. This problem lwarhandled by substituting the zero
values with a small positive number, for examplemsthing betweerl071° and 1072,
therefore finding converging results as the smathber approaches zero (Ang & Choi 1997;
Choi & Ang 2001, 2002). In case of some previousliges in Australia as cited above, the
zero values were replaced by ~° (Harris & Thorpe 2000; Tedesco & Thorpe 2003).
However, as shown in Ang and Choi (1997), the AMidthod may not lead to a converging
result. In contrast, the converging results arrgoteed in case of a LMDI approach (Ang &
Choi 1997; Ang & Liu 2007). Therefore, LMDI apprdais preferred than the other methods
of decomposition (Ang 2004). As articulated by A(@P04), the LMDI is the “best”
decomposition method providing complete decompmsitiesults with no residual among
various alternatives commonly used in the litemtdiherefore, our selection of the LMDI as
the decomposition method is not arbitrary, rathesedd on the virtue of the methodological
superiority.
4.1 Model
Suppose, an economy is composed of various seeiws sub-sectors, and energy

consumption in subsectkiis denoted akx. We can therefore write

SRR @

Q Q Q

k
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Where,Q represents aggregate outpQt. and Q; denote output of subsecthrand sectoy,
respectively.
Energy consumption at sectprE; is the aggregation of the sub-sectoral level of

energy consumption within the sector,
E, =) E ()
k

Similarly, energy consumption at the aggregate esyyE is the sum of energy consumption

by various sectors.
E=)E, 3)
i
Combining, (1) through (3):

E = ZZE Qf 5 @)

Dividing both side of the equation (4) Ry we can write,

——ZZQKBQ—jGa (5)

Where,g represents the aggregate energy intenbityf(the economy.

Incorporating fuel mix effect, equation (5) canrbedified as:

=3y T el ©

where,m denotes the fuel vectors in total energy conswnptf subsectok .

Equation (6) can be symbolized as
1=Y>%s,0,35 3 7)
j k m

Where,S; is the share of fueh in total energy consumption of subsedtol represents real
intensity, i.e., energy intensity at the subse&o% is the output share of a subsedtao

sectorj, §is the output share of a secjdo the aggregate economy.
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Differentiating equation (7) with respect to timelgs,
(=222 S, 0 B 5 +3 3> S, 0,55+ 3> S, 0,55
j k m j k m j k m
+ZZZSkaEBKESj (8)
j k m
Writing equation (8) in terms of growth rates antkgrating,

Al = -‘:sz:zgsm Leoy At + _ﬁzzklz Oy Loy, LEt+ _ﬁzzklz Osx L8V, LIt
J m j m j m

J:ZZZ O sm (80 LI (9)

where, &, = S, [S, [S;. Equation (9) can be solved by utilizing the Sdi®76) and Vartia

1 PHijkm
(1976) weighting scheme, where logarithmic meansisd as a weight function. According

to Sato-Vartia, the weight functidrcan be specified &s
[@.)=(y-9)(iny-Ing), for y# ¢ (10)

Where¢ = a,;,,, attime0, andy = «,, attimet, in this case.

jkm

Using the notations of equation (10), equationb@omes,

A=Y > [@N(nS, ~InS)+ Y>> [(@. (i1, ~Inl,)

Y22 [@N(ns, -InSy)+ 3 > Y [@. /IS, ~InS,,) (12)

Equation (11) is the additive LMDI specificationhiwh can be denoted as:

Al = Al +Al g +Al . +Al (12)

strss strs

where,Al represents the total intensity effed,. . is the intensity change due to change in

7 fm

fuel mix and| ... andAl . represent total intensity change due to struttirange at

strss? ' strs stri

subsector and sector level, respectively.

* See Sato (1976) for details on the weight function
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The above model is a complete decomposition moddl @an be applied when sub-
sectoral data for economic sectors are available.

4.2 Data

Our decomposition is based on two levels of indaistlisaggregation comprising 8
sectors and 14 sub-sectors of the Australian ecgndhe sectors are — “Agriculture, forestry
and fishing (division A)”, “Mining (division Bf", Manufacturing (division C)”, “Electricity,
gas and water services (division D)” and “Consiarct(division E)”, “Commercial and
services (divisions F, G, H, J, K, L, M, N, O, P)’QTransport, postal and warehousing”
(division 1) and “Residential” sectors. We take treh the residential sectors - gross value
added for “Ownership of dwellings” - as output bketresidential sector. The sub-sectoral
disaggregation is made in the case of “ManufacgylrifElectricity, gas and water services”
and “Transport and storage” sectors. The sub-sedtorthe “Manufacturing” sector are
categorized as — “Petroleum, coal, chemical andcest®d products”, “Food, beverage and
tobacco products”, “Textile, clothing, footwear atehther”, “Wood, paper and printing”,
“Non-metalic mineral products”, “Metal products” @&n“Machinery and equipment”.
Subsectors in “Electricity, gas and water servicesé categorized as — “Electricity
generation and supply”, “Gas Production and diatidn” and “Water supply and Waste
services”. Sub-sectoral categories in “Transpomstal and warehousing” are “Road
transport”, “Rail, pipeline and other transport,i“And space transport” and “Other transport
and storage”. The level of disaggregation and #mepde chosen in the study are based on the
best available data and consistent series fonvietiors and output. The fuel vectors included
in the study are coal, petroleum, natural gas ety and others. The sample period for the
study is 1978-2009. Data for energy consumption caiéected online from the ABARE

(2009 (Table F, Australian energy consumption, by induand fuel type) and ABS (Table

® Divisions and sub-divisions are based on Austnadiad New Zealand Standard Industrial Classificatio
(ANZSIC) — 2006.
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33, Cat no 5206.0, Australian National Accounts:tibiaal Income, Expenditure and
Product). Energy consumption data are in Gaga jantke Industry Gross Value Added data

are in million Australian dollars in Chain volumeeasures (reference year 2007-08).

5. Decomposition results and discussions

5.1 Energy intensity in total energy consumption

The complete decomposition of the changes in aggeeenergy intensity change in
Australia for the sample period is presented in éxmpx A. Figure 3 shows the trends of
indices of various underlying factors that governergy intensity function. As seen in the
figure, real intensity dropped sharply in the 198@dicating an improvement of energy
efficiency during the period. Real intensity renednbelow the aggregate energy intensity
trend until mid-1990s. Since then, for most of 1890s and until recently, energy efficiency
did not experience a notable improvement leavirg rial intensity trend well above the
trend of aggregate energy intensity. These reapétsnostly consistent with earlier studies in
Australia (Cox et al. 1997; Tedesco & Thorpe 200@son et al. 1994). Wilsoet al(1994)
noted the significant contribution of energy e#iecy in decreasing and increasing aggregate
intensity during 1978-1986 and 1986-1991, respelbtiv

Figure 3: Trends of decomposition factors of changein total energy intensity
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Table 5: Decomposition results for the changes inggregate energy intensity:
aggregated for different periods

Structural Structural

Period Fuel mix Real effect : effect : Aggregate
effect intensity  subsector  sector intensity
1979-1986  -0.09 -120.36 17.40 3.05 -100.00
1987-1992 -0.05 -97.10 127.79 -130.64 -100.00
1993-1996 0.01 -42.94 22.83 -79.90 -100.00
1997-2000 -0.03 -19.44 16.34 -96.87 -100.00
2001-2005 -0.20 -43.33 24.38 -80.84 -100.00
2006-2009  -0.02 -92.96 41.48 -48.50 -100.00

Notes: Figures exhibit changes in the decomposetrain terms of changes in aggregate
intensity. Negative numbers represent the positfe@ourable) contribution of reducing
aggregate energy intensity. The opposite is truéh® positive numbers.

Source: Authors’ estimation.

Our results indicate that the decline in real istBhwas about 33% higher than the
decline in aggregate intensity during 1978-198&(@&). During 1978-1986, changes in fuel
mix helped to reduce overall intensity, while stural changes at both sectoral and sub-
sectoral levels posed as barriers to reducing gagtgesnergy intensity. From 1987 to 1992,
decline in aggregate intensity was attributed ® skgnificant decline of real intensity and
sectoral shift of the economy as the tertiary sswisector started to play the dominant role
in industry composition. On the other hand, suldesat composition partly played negative
roles in reducing energy intensity. The resultoggsistent with Coxet al.(1997). Note that
the sub-sectoral shifts in this analysis only flhe sub-sectoral shifts of the three most
energy intensive sectors of the economy, i.e., “Macturing”, “Transport, postal and
warehousing”, and “Electricity, gas, water and t@aservices” only. Throughout the sample
period, changes in fuel mix provided some impetusedducing aggregate intensity but its
overall contribution was very small in most periadsept 2000-2005, where large increase
in the petroleum prices led to the reduction ofrgge&onsumption in some sub-sectors (e.g.,

“Petroleum, coal and chemical”). Wilscet al. (1993) and Coxet al. (1997) found little
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contribution of fuel mix effects in declining engrintensity since mid-19805In a recent
study on China applying a LMDI approach, Ma andn&t€2008) also found little
contribution of fuel mix in declining energy intetys over the period 1994-2003.

The bright picture of reducing real energy intensit improving of energy intensity
during the 1980s has gloomed significantly in muet of the 1990s and up until mid-2000s
in Australia. As pointed out by Tedesco and Tho(@803), this dismal picture may
correspond to the era of lower energy prices piagethe oil price shock in the 1970s.
Historically, real prices of coal continued to deelin most part of the 1990s and in the early
2000s. During the period, the dominant contributadnthe reduction of aggregate energy
intensity came from the changes in sectoral contipasof the economy. The sectoral share
of the Services sector to GDP increased by aroupdrdentage points from 1980s to 1990s
(Table 2). During most recent years (2005-2009)ggnefficiency improved again to reduce

energy intensity.

Figure 4: Yearly changes of real intensity: 1978-219
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® Note that these studies use useful energy meashieh is calculated by multiplying the deliverenkegy (the
energy content) by arbitrarily fixed conversioni@éncy for a fuel type. In this study, we also kgxqb the fixed
conversion efficiency as used by Wilsen al. (1993) and the subsequent studies in Australia, fiwund
qualitatively similar results.
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Figure 5: Yearly changes in sectoral composition:978-2009
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Figure 4 and Figure 5 plot the yearly changes ial ratensity and sectoral
composition and their effects on energy intengity.indicated by the negative values, most
of the changes in real intensity have led to deslim aggregate intensity but the contribution
has reduced significantly in the 1990s. The fittggblynomial) curve indicates the
improvement of energy efficiency in recent yearsisTcould be associated with the increase
in energy prices in the recent past, growing camc@n environmental issues and incentive
mechanisms of the government. Several potentiaindme risk factors could be identified.
As seen in Figure 4, energy efficiency deteriorate@009 and was even reversed in 2006.
Secondly, the robust contribution of the changeseictoral composition on the reduction of
energy intensity is most likely to be slowed sigrahtly in the forthcoming years. Thirdly,
fuel mix effects have historically played a smallete in reducing energy intensity. Given
the trends, it is necessary to improve energy iefficy further to reduce Australia’s overall

contribution to energy intensity in the future.
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In terms of net changes, real intensity attributed73 percent and sectoral share
attributed to 57 percent of the total changes igregate energy intensity during 1978 to
2009. This suggests that energy efficiency has Iieerdominant factor in reducing energy

intensity in Australia during the sample periodhe study.

5.2 Energy intensity in the final energy use

As total energy consumption entails energy consianph the conversion sectors as well
as energy consumption in the end-use sectors oé¢baomy, it would be worthwhile to
distinguish the trend of end-use energy intensibynf that of total energy intensity to gauge
the energy efficiency trends in final energy useoider to do this, we excluded coal products
from the “Electricity generation subsector”, pe¢nain from “Petroleum, coal, chemical and
associated products” sub-sector and gas produmts ‘{Gas production subsector”. The trend
of indices of the decomposition factors are dispthin Figure 6. Some interesting findings
are emerged from the trends of decomposed factdisal energy use. First, unlike Figure 3,
no sharp decline of real intensity was observeindut980s. The change in real intensity is
seen as less profound than the change in aggrégatesity during the sample period.
Second, with some usual fluctuations, real intgnisitfinal energy use remained relatively
unchanged during 1989-1995. Third, real intengitfinal energy use declined steadily since
1995 but at a lower rate than aggregate intenstyrth, sectoral shift continued to produce
favourable effects in reducing aggregate intersitge 1978. Finally, similar to total energy,
fuel mix provided the smallest effect on the chanigpefinal energy intensity (Appendix B).
The decomposition results for final energy consuompby aggregating for different periods

are reported in Appendix B.
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Figure 6: Trends of decomposition factors of changein final energy intensity
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5.3  Energy efficiency to limit carbon pollution

A fundamental fact about Australia’s energy constiompis the dominance of carbon
intensive coal and oil products over gas and rebtvg@-igure 1). Coal and oil together
constitutes about three fourth of total energy comstion in Australia. Therefore, the story
of Australia’'s energy consumption is basically argtof carbon intensive fossil fuels
consumption, where coal has remained as a keysafitotal energy supply, representing an
average of 41 percent share in total energy consampluring 2001-09. Energy related
emissions attributed to about 91 percent of natiol€0O, emissions and 74 percent of
national GHG emissions in Australia in 2009 (DCCHEHE.1). Given the high energy intensity
and carbon intensity of the energy use, Austradiaks§ among the top twenty polluting
countries of the world with its per capita carbanilygtion remaining above the level of any
other developed countries. Despite the close assmei between energy consumption and
carbon pollution, energy policy and climate chapgkcy in Australia have historically been
characterized by conflicting objectives and semapths (Riedy 2005). Energy policy has

traditionally been developed to maximise econoretann by ensuring abundant supply and
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lowering energy prices (DPMC 2004)et, abundant and low-cost energy has lifted carbo
pollution level of the country as compared to thebgl standard. Only in recent years, a
significant progress has been achieved to unifytihe policies to achieve clean energy
future of the country. The Department of Climatea@e, established on 3 December 2007,
has been reorganized as the Department of Climhtsm@e and Energy Efficiency in April
2011. Improvement of energy efficiency has now bee@n important element of reducing
carbon pollution in Australia (Commonwealth of Aadia 2011).

Figure 7: Trend of energy intensity and CQ intensity in Australia
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CO, emissions represent national £@&missions from Fossil-Fuel Burning, Cement
Manufacture and Gas Flaring.

Source: Authors’ estimation, ABS ( Cat no 5206.8bl€ 33) and Bodeet al(2011)

Figure 7 compares the trends in energy intensibttéd line) and C® emissions
intensity (solid line) in Australia during the pedi 1975-2008. As can be seen from the

figure, the linear trends for both of the series aery similar during the time of the sample

" Energy prices in Australia are one of the lowesbag the OECD countries.
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period. The Pearson correlation coefficient betweeergy intensity and carbon intensity is
.91 with a p-value of 0.0001. The strong assoamabetween energy intensity and carbon
intensity indicates that the carbon emissions candbcreased through reducing energy
intensity in the economy in general. Nonetheleskjlenthe climate change strategies
gualitatively stipulate improvement of energy atfiicy as an important policy tool to reduce
carbon pollution in Australia, there is no speciitantitative plan regarding the reduction of
energy intensity in the near- or long-term.

Our decomposition results reveal that the driviageés behind the decrease in energy
intensity in Australia are real intensity (efficey) effect and sectoral composition effect,
where the efficiency effect is more prominent tltha composition effect. During 1978 to
2009, total energy intensity declined by 29.6 percean annual average rate of decline of
0.93 percent. As discussed above, a large paheotthanges are attributed to changes in real
intensity, while changes in sectoral compositiosoalprovide some strong impetus.
Moreover, the favourable impact of the compositaffect has been consistently slowed
down in the recent past (Figure 5). This means d#fiatiency effect has to play a more
profound role to sustain the present trend of isitgrreduction. Based on the decomposition
results, in the absence of any real intensity éfteaing the sample period, total energy
consumption in Australia would have been about 8itent (3422.18 PJ) greater than the

actual figure in 2009 (Figure 8).
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Figure 8: Energy consumption: Actual vs. Scenario 1
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Finally, there are variations in energy intensity efficiency trends and other
decomposition factors between total energy and Bnargy uses in the economy (Figure 3
and Figure 6). These differences are attributethéoenergy consumption in the conversion
sectors of the economy. In Australia, Public eleityr and heat production accounted for
about 37 percent of G@&missions in 2009 (DCCEE 2011). Figure 9 showsdrdreds of real
intensity in the “Electricity generation and sugpdybsector as compared to that in aggregate
economy estimated using a LMDI approach. The figrews a clear picture of divergence
in energy efficiency in the “Electricity generatiosector from the trends in the aggregate
economy, where real intensity increased signifigaimt the case of the former since mid-
1990s. The trend in real intensity in the “Eledtyigeneration” sector can be compared with
the trends in thermal efficiency measured as @ matielectricity generation to the sum of
energy inputs in terms of energy contents (FigWe As can be clearly seen in Figure 10,
the improvement of thermal efficiency has leveltdtisince the early 1990s after a notable

improvement in 1980s.
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Figure 9: Trends of real intensity: Electricity generation and supply and aggregate
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Figure 10: The trend of thermal efficiency in Australia’s eledricity generation
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6. Conclusion

In this study, we decomposed the energy intengiAustralia for the perio1978-2009

by applyingthe LMDI techniqu. Our decomposition results indicate tlenergy efficiency

has played a dominant roin reducing energy intensity in Australia ring the sample

period. Howeverthe contribution varies across decades. As for @karafter a notable

improvement

in1980s, the improvement of energy effncy has remained relativestatic

during thel990s before fosterii again in the recent periodSeveral potential downside ri:

factors could

also be identifi from the vintage of overall trend€nergy efficiency
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deteriorated in 2009 and was even reversed in 288¢ondly, the robust contribution of the
changes in sectoral composition in reducing enenggnsity is most likely to be slowed
significantly in the forthcoming years. Thirdly, dumix effects have historically played a
smaller role in reducing energy intensity.

The decomposition results indicate a clear pictfrdivergence in energy efficiency in
Electricity generation and supply from the trendsiggregate economy, where real intensity
increased significantly in the case of former singd-1990s. The trend in thermal efficiency
changes indicate that its improvements have leved#f since mid-1990s. Australia’s
electricity generation is more carbon intensiventbther countries and its coal and gas plants
are less efficient than the competing countries tdumature technologies used in coal-fired
plants (GE Australia 2011). The latest projectidn Australian energy use to 2029-30
assumes an improvement of energy efficiency ineleetricity generation from coal-fired
plants at an average rate of 0.2 percent a yead@&yal.2010). Given the long-run trends of
energy efficiency, Australia, therefore, needs gnificant investment and technological
breakthrough to reduce both the energy and carbtamsity of the electricity generation
sector.

Emission intensity of the Australian economy idatigely higher as compared to
comparable economies. Given the trends in decomodgactors, it is necessary to improve
energy efficiency further to reduce Australia’s alecontribution to emissions intensity in
the future. Australia is an Annex | country andignatory of the Kyoto protocol. Due to its
high emissions profile, the country has been fa@ngrmous challenge of reducing £0
emissions. While improvement of energy efficiencgshbeen included as an important
element in present energy and environmental pgliaieAustralia, a close monitoring of
energy intensity and efficiency trends is of an aegmimportance due to their close

association with C@emissions in the country.
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Appendix A: LMDI Decomposition Results 1978-2009 @78=1): Total energy intensity

Structural Structural
Fuel mix Real effect : effect : Aggregate
Year effect intensity subsector sector intensity

1978 1.00000 1.00000 1.00000 1.00000 1.00000
1979 1.00000 0.99576 1.00069 0.99895 0.99540
1980 1.00000 0.99475 0.99906 1.00169 0.99549
1981 0.99999 0.98568 1.00254 1.00187 0.99007
1982 0.99999 0.98543 1.00269 1.00161 0.98970
1983 0.99999 0.98582 1.00137 1.00339 0.99054
1984 0.99998 0.98389 1.00245 1.00206 0.98835
1985 0.99998 0.98169 1.00231 1.00231 0.98625
1986 0.99998 0.97671 1.00339 1.00059 0.98062
1987 0.99998 0.97859 1.00427 0.99823 0.98106
1988 0.99998 0.97373 1.00587 0.99511 0.97468
1989 0.99998 0.97403 1.00761 0.99567 0.97721
1990 0.99998 0.97407 1.00816 0.99393 0.97607
1991 0.99998 0.97358 1.00745 0.99518 0.97613
1992 0.99998 0.97208 1.00967 0.99421 0.97582
1993 0.99998 0.97283 1.01033 0.99203 0.97508
1994 0.99998 0.96980 1.01025 0.99075 0.97070
1995 0.99998 0.97084 1.01049 0.98920 0.97045
1996 0.99998 0.96889 1.01143 0.98817 0.96840
1997 0.99998 0.96912 1.01177 0.98523 0.96606
1998 0.99998 0.97031 1.01197 0.98372 0.96597
1999 0.99998 0.97021 1.01192 0.97969 0.96186
2000 0.99998 0.96847 1.01257 0.97721 0.95831
2001 0.99997 0.96787 1.01185 0.97775 0.95757
2002 0.99997 0.96731 1.01167 0.97534 0.95449
2003 0.99997 0.96604 1.01228 0.97495 0.95343
2004 0.99996 0.96593 1.01403 0.97179 0.95187
2005 0.99996 0.96479 1.01473 0.97030 0.94994
2006 0.99997 0.96555 1.01651 0.96825 0.95035
2007 0.99997 0.96198 1.01802 0.96667 0.94670
2008 0.99996 0.95809 1.02004 0.96496 0.94306
2009 0.99996 0.95702 1.01839 0.96621 0.94170
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Appendix B: LMDI Decomposition Results 1978-2009 @78=1): Final energy intensity

Structural Structural
Fuel mix Real effect : effect : Aggregate
Year effect intensity subsector sector intensity

1978 1.00000 1.00000 1.00000 1.00000 1.00000
1979 1.00000 0.99853 0.99995 0.99882 0.99730
1980 1.00000 0.99637 0.99925 0.99942 0.99504
1981 0.99999 0.99023 1.00149 0.99968 0.99140
1982 0.99999 0.98984 1.00155 0.99879 0.99018
1983 0.99999 0.99051 1.00089 0.99745 0.98888
1984 0.99999 0.98962 1.00071 0.99694 0.98730
1985 0.99999 0.98637 1.00053 0.99718 0.98411
1986 0.99999 0.98428 1.00072 0.99629 0.98133
1987 0.99998 0.98467 1.00038 0.99476 0.97988
1988 0.99998 0.98111 1.00127 0.99296 0.97543
1989 0.99998 0.97996 1.00259 0.99345 0.97606
1990 0.99998 0.98198 1.00320 0.99140 0.97665
1991 0.99998 0.98054 1.00261 0.99162 0.97486
1992 0.99998 0.97896 1.00404 0.99101 0.97407
1993 0.99998 0.98076 1.00388 0.98965 0.97437
1994 0.99998 0.97905 1.00373 0.98919 0.97208
1995 0.99998 0.97964 1.00419 0.98857 0.97250
1996 0.99998 0.97578 1.00462 0.98943 0.96992
1997 0.99998 0.97490 1.00492 0.98874 0.96867
1998 0.99998 0.97386 1.00503 0.98745 0.96649
1999 0.99998 0.97300 1.00527 0.98510 0.96355
2000 0.99998 0.97244 1.00520 0.98388 0.96175
2001 0.99998 0.97004 1.00473 0.98470 0.95972
2002 0.99998 0.96744 1.00556 0.98366 0.95692
2003 0.99998 0.96654 1.00607 0.98413 0.95698
2004 0.99998 0.96670 1.00703 0.98284 0.95680
2005 0.99998 0.96496 1.00738 0.98269 0.95526
2006 0.99998 0.96464 1.00828 0.98153 0.95466
2007 0.99998 0.96252 1.01020 0.98135 0.95422
2008 0.99999 0.96178 1.01113 0.98125 0.95426
2009 0.99999 0.96239 1.00999 0.97990 0.95248
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