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Foreword

Managing energy use will be one of the central issues that Australian
industryfacesinthe future,asitresponds to the twin challenges

of acarbon pollutionreduction scheme and volatile energy prices.
Improvements in commercialand industrial energy use efficiency have the
potential to slow the growth in demand for energy, reduce greenhouse
emissions per unit of output andincrease economic welfare.

In countries where an emissions trading scheme will cap overall emission
levels, energy efficiency will play animportant role in helping ease

the economic adjustment path for consumersandindustry. To assist
companies, it will be particularlyimportant to ensure there isadequate
information for businesses regardingimplementation of cost-effective
energy efficiency improvements.

This publicationanalysesthe changesin energy intensity of the Australian
industrialand commercial sectorsfrom 1989-go to 2005-06 at the
broadindustry level. The methodology used decomposes the changein
energy useinto several contributing factors and removes the effect of
structural change within the economy. However, at this level there can still
be many factors affecting energy intensity that are not accounted for, as
improvementsin energy use efficiency can only be reliably measured at
the level of individual production processes or plants. Energy intensity is
therefore onlyanindicator of energy use efficiency.

Policies to encourage the uptake of cost-effective energy efficiency
opportunitiesin the industrialand commercial sectorsare animportant
part of the Australian Government’s energy and climate change strategy.
Publications suchas Trendsin Energy Intensity in Australian Industry

will provide important information for making informed policy and
investment decisions.

Phillip Glyde
Executive Director
December2008
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Summary

The Department of Resources, Energy and Tourism commissioned ABARE
toundertake astudy investigating energy intensity trends in Australian
industry. The analysis was conducted at the national level for different
energy consumingindustrial and services sectors over the period 1989-
90t02005-06. The analysis covers five major sectors of Australian
industry including manufacturing, services, agriculture, mining and
construction. For the manufacturingand services sectors, the analysis is
alsoundertakenat the subsectorallevel.

The objective of this study is to distinguish between different factors
affecting the amount of energy consumed. Thisis done by usinga
‘factorisation’technique,a method that decomposesachange in energy
use over timeinto anactivity effect,astructural effectand arealintensity
effect. These are defined as changesin:

¢ thelevelof economicactivity —activity effect
* thesectoralcomposition of the economy — structural effect

* theenergyintensities of sectors — realintensity effect.

Achange inenergy consumption can be expressed as the sum of the
activity effect, the structural effectand the real intensity effect. The
movements of these effects over time can be examined.

Inthisreportthe focusisontrendsinreal energyintensity. This measure
providesagoodindicator of the progress in reducing energy used to
produce goodsand services inthe economy because it removes the
influence of changesin the sectoral composition of the economy.
However,improvements in energy intensity can only be reliably measured
atthe level of individual production processes or plants. Inthe absence
of detailed dataat that level,changesin the product-mix or production
processeswithin each subsectorare not capturedin this report.

Energy consumptioninthe industries covered in this report accounted
fors1percentof total finalenergy consumedin Australiain 2005-06, with
the remainder consumedin the transport (37 per cent) and residential

(12 per cent) sectors. Total energy consumptionin Australianindustry
analysedinthisreportincreasedby 48 per cent from1989-90 to 2005-06.
The analysis demonstrates the dominance of economic growth (activity
effect) asthe major determinant of thisincrease in energy consumption.
If thishad beenthe only factorat work, energy consumptionin

Australian industry would have been 14 per cent higher than the realised
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consumption. Thisis equivalent to areductionin energy intensity (total
energy consumed per unit of industrial output) of 0.9 per centayear.
These savingsin energy consumption resulted mainly from shifts toless
energy intensive sectors (structural effect). The change inrealenergy
intensity had arelatively smaller effect on overall energy consumption.
Thetrendinenergyintensity in Australiais similar to those of other OECD
economies, where the 1990s experienced weaker improvementsin energy
intensity, relative tothe 1970sand 1980s (IEA 2007, Tedescoand Thorpe
2003).

As part of the APEC Leader’s Declarationin Sydney in September 2007,a
target was set forareduction in energy intensity in member economies
of atleast 25 per cent by 2030, compared with the 2005 base year. This
isequivalent toanannual reduction in energy intensity of 1 per cent.

The analysisin thisreport suggests that, if the trends in energy intensity
observedoverthe past 16 years persist, energy intensity in Australian
industry could be reduced by 20 per cent by 2030. However, the
introduction of the Carbon Pollution Reduction Scheme can be expected
to have significant implications for the pattern of energy consumption in
Australia.

Key findings

* Finalenergy consumptionin Australianindustry (including the
manufacturing, services,agriculture,miningand construction sectors)
grew from 1234 petajoulesin1989-90 to 1826 petajoules in 2005-06, at
anaverage annual rate of 2.5 per cent.

*  Overthesame period,activity in these sectorsincreased by 62 per cent
(3.2percentayear).

° In2005-06,Australianindustry,as coveredinthisreport,used 48
per cent more energy thanitdid16 years earlier. Without changesin
energy intensity and sectoral structure the industry would have used
62 per cent more energy.

* Changesinactivity remain the principal driver of changesin energy
consumption. A change in the sectoral structure of Australian industry
is estimated to have reduced energy consumption from the mid-1990s
onward. Trends inreal energy intensity had a negligible effect on
energy consumption for most of the study period (figure a).

* Without changestostructureandreal energy intensity, growthin
activity alone would have resultedin energy consumption increasing
by 759 petajoules (figure b).

* Structural shifts from relatively more energy intensive industrial
activitiesto less energy intensive services activities are estimated
to have reduced energy consumption by 170 petajoules in 2005-06
(figure b).
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© Changesinreal energyintensity created energy savings inall sectors
excepttheagriculture (including forestry and fishing) and mining
sectors (figure ¢). Overall, these savings were offset by higher energy
intensity inagriculture and mining, resulting inan additional energy
requirement of 3 petajoules.

* Manufacturing sector - Energy intensity declined at an average annual
rate of 0.5 per cent overthe past 16 years. This is estimated to have led
toenergy savings of 62 petajoules (figure c).

+ Constructionsector - Energyintensity declinedatan average
annualrate of 8.2 per cent over the study period. Areduction in real
energy intensity is estimated to have delivered energy savings of
approximately 32 petajoules (figure c).

© Servicessector - Energy intensity declinedatan average annual rate
of 0.8 per cent over the study period. Suchareduction is estimated to
have led to energy savings of 20 petajoules(figure c).

* Agriculture (including forestry and fishing) sector - Energyintensity
increasedatan average annualrate of 2.8 per cent. Suchanincreasein
realenergyintensityis estimated to haveled toanadditional energy
requirement of approximately 5 petajoules over the period 1989-90 to
2005-06 (figure ¢). Areduction in output because of drought in1994-
95and 2002-03, without changes in energy consumption, is assessed
tohave contributed toanincrease in energy intensity in this sector.

*  Miningsector - Energyintensity increased atan average rate of 3.7 per
centayearoverthe period1989-90 to0 2005-06. This is estimated to have
led toanadditionalenergy requirement of approximately 112 petajoules
(figure c).Increasesin the use of energy for explorationactivityasthe
industry moved to deeperand lower grade ores,and increases in the
energyintensive liquefaction of natural gas, have contributed toan
increaseinenergy intensity in this sector.

Decomposition of changein
energy consumption in
Australian industry

1989-90 t0 2005-06

changeinenerey _
consumptlon 3
actlwtyeffect
struétural éffect

real intensity effect |

-200 PpJ 200 400 goo

Change in energy consumption

in Australian industry because
of thereal energy intensity
effect, by sector

1989-90 t0 2005-06

_ manufacturmg
; _ constructlon
i - serwces :

agrlculture I | |
mmmg _

—60 40 -20 pJ 20 40 60 80 100




d Shares of energy consumption
and economic output
2005-06

manufacturing -
services _
agriculture =

mining .

construction |

% 16 20 jo 40 50

M economicoutput
energy consumption

1 Introduction

The energyintensity of anactivity is defined astheamount of energy
consumed to produce one unit of output. Energy intensity is used to
monitor changesin energy consumption over time and across activities.
The objective inthisstudyisto analyse trends in energy intensity in
Australianindustry over the period 1989-90 to 2005-06. Different factors
affectingthe amount of energy consumption are distinguished usinga
technique called ‘factorisation’.

Theanalysisinthis report covers five major sectors of Australianindustry
includingthe manufacturing, services,agriculture (including forestryand
fishing), miningand construction sectors. For the manufacturingand
services sectors, the analysis is also undertaken at the subsectoral level.
These sectors togetheraccounted for 51 per cent of total final energy
consumptionand 78 per cent of economic outputin Australiain 2005-06.
The shares of finalenergy consumption and economic output for sectors
coveredinthisreportare presentedinfigure d.

Over the past 15years ABARE has produced aseries of reports analysing
trendsinenergy intensity in Australia (Wilson, Ho Trieuand Bowen 1993;
Cox,Ho Trieu, Warrand Rolph 1997; Harrisand Thorpe 2000 and Tedesco
and Thorpe 2003). These ABARE studies were based onadecomposition
method used by the IEAand others (see, for example, [EA1997, Schipper et
al1990).Inthisreport, ABARE introduces anew decomposition method
— thelog-meandivisiaindex | (LMDII) — that brings the mechanics of the
analysisinline with recent similar studies for other advanced economies.

The analysis undertakenis based on energy consumption data derived
from ABARE’s Australian energy statistics (AES), physical production
datafrom ABARE’s Australian commodities statistics (ACS) and gross
value added data from the Australian Bureau of Statistics (ABS). The AES
database provides comprehensive statistics on energy consumption by
industry, fueland state, much of which is unavailable elsewhere. The most
recentversion of the AESwas released in July 2008,and is available at
www.abare.gov.au.



2 Methodology

Inthis report, changesin energy use over the period 1989-90 to 2005-

o6 have beenbrokendown intothree components. Achangeinenergy
consumptionis divided into the activity effect, the structural effectand
therealintensity effect usingatechnique known as factorisation (also
known as decomposition). This report uses an additive version of the
log-meandivisiaindex| (LMDII) method to decompose changes in energy
consumptioninto these three components (figure e). A mathematical
framework of this methodis provided inappendix A.

Decomposing changes in energy consumption

changein

. = activityeffect + structuraleffect + realintensity effect
energy consumption

The activity effect refers to the changesin energy consumption that
arise solely due to the changesinthelevel of activity in the economy.

The activity effect generally accounts for the majority of the observed
changes in energy consumptioninany particular sector. Inthis report,
the level of activity is estimated using physical production for the iron
andsteeland basic non-ferrous metals subsectors,and using gross value
added for othersubsectors. The gross value added used in this report is
based on chainvolume terms, which removes the effect of price increases
andtherefore captures only the effect of changes in output.

The change in energy consumptionassociated with shiftsinthe
economy’sstructureisreferredtoas the structural effect. The
structural effect captures changesin energy consumption when sectors
with different energyintensities grow or decline at different rates,
afteradjusting for growth in total output. The structural effect can be
estimated only where subsectoral dataare available.

Finally,the change in energy consumption associated with the changesin
theamount of energy used to produce each unit of outputisreferred to
astherealintensity effect. This measure providesagoodindicator of the
progressinreducing energy used to produce goods and servicesinthe
economy. Thisis because the realintensity effect removes the influence
of changesinthe sectoral composition of the economy, whichisalready
capturedthrough the structural effect.
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Thereal energyintensity effect can only be reliably measured at the level
of individual production processes or plants where the structural effect
canbefully captured. Asshownin figure f,the energy intensity indicator
can be constructed from the most aggregate levelin the economy, in
terms of the energy-to-GDP ratio (hierarchy level ), through to the most
detailed levelforaspecific technology or production process (hierarchy
level IV). As one moves down the level of hierarchy, the influence of the
structural effect onthe energy intensity indicator gradually reduces.
However,moving down the hierarchy to accurately estimate the energy
intensity indicator requires disaggregated data. In the absence of such
disaggregated data, energyintensitiesin this reportare estimated at the
hierarchylevelll. See appendix B for further discussion on the intensity
(efficiency) indicators.

Inthis report theanalysisis undertaken at the national level forarange of
sectors, covering the period from1989-90 to 2005-06. Changes in energy
use associated with each effect are calculated fromyear to year and then
re-based to1989-90. This means that the activity, structuraland real
intensity effects canbe presented as changes relative to 1989-90. Also, in
thisreport,theamount by which actual energy use is lower than it would
otherwise have beenasaresult of areductioninreal energy intensity is
referredtoasenergy savings.

The sectors coveredinthisreportare:

*manufacturing, comprising 10 manufacturing subsectors;
° services,comprising seven services subsectors;

* agriculture,including forestryand fishery;

° mining;and

° construction.

f Hierarchy of energy intensity indicators

Level of analysis Intensity indicators
national/state energy-GDP ratio
. level energy
economic- . intensity
thermodynamic
indicators ) /" \
sectoral/subsectoral energy-value
level energy added ratio
intensity
. lant/product energy-physical
physical- pIevel/inergy ougugriio
thermodynamic intensity
indicators ¢/ /
process/equipment energy-physical
level energy outputratio
intensity

<« datarequirement ——>

Source:adaptedfromIEA (1997) and Patterson (1996).
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Activityand real energy intensity effects can be estimated for each
subsector. However, structural effects can only be estimated at the
sectorallevel because theyaccount for movements between subsectors.
If there are no subsectors, then no shift from one subsector to

another can be estimated, asis the case for the agriculture, mining and
constructionsectors. Further, structural shifts can only be estimated
when the activity of every subsector (withinaparticular sector) is
measured inidentical units. Shifts can then be based on changes in each
subsector’sshare of totalactivity fromyear to year.



3 The manufacturing sector

*  Energyconsumptioninthe manufacturingsector grew from 819
petajoulesin1989-90to 1078 petajoulesin 2005-06,at anaverage rate
of1.7percentayear.

+ Activityinthe manufacturing sector grew from $77 billionin 1989-90
(at 2005-06 prices) to $97 billionin 2005-06,at an average annual rate
of 1.4 percent.

© Without changes to structure and real intensity, the increase in
activity alone would have resulted in energy consumptionincreasing
by 218 petajoules over the period 1989-90 to 2005-06.

¢ Structural shifts within the manufacturing sector from less energy-
intensive to more energy-intensive subsectors are estimated to have
ledtoanincreasein energy consumption of 103 petajoules.

* Changesinreal energyintensity overthe analysis periodare estimated
tohaveledtoenergysavings of 62 petajoules. Thisis equivalenttoa
reductioninreal energy intensity of 0.5 per centayear over the study
period.

This chapter discusses trends inactivity, structureand real energy
intensity in the manufacturing sector for the period 1989-90 to 2005-06.
The sectoris splitinto 10 subsectors:

« food, beveragesandtobacco

* textile, clothing,footwearandleather
* wood, paperand printing

* chemicalsandassociated products

* non-metallic mineral products

© ironandsteel

*  basicnon-ferrous metals

* othermetal products

* machineryand equipment

* othermanufacturing

The definition of these subsectors by ANZSIC code is providedin
appendix C. Datasourcesare presentedinappendix D.
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Observed trends in energy consumption
and activity

Energy consumption in the manufacturing sector grew from 819
petajoulesin1989-90 to 1078 petajoulesin 2005-06 at an average
annualrate of 1.7 per cent (figure g). In2005-06, consumption in the
manufacturing sector accountedfor 59 per cent of the final energy
consumed in Australianindustries coveredin this report. The basic non-
ferrous metals subsector was the single largest energy user within the
manufacturing sector, contributing 39 per cent of the sector’s energy
consumption in 2005-06. This subsector includes relatively energy-
intensive aluminium production activities. Other major consumers of
energyin2005-06 were the food, beverages and tobacco subsector

(17 per cent), chemicalsand associated products subsector (16 per cent)
and the non-metallic mineral products subsector (10 per cent).lronand
steel productionaccountedfor 8 per cent of final energy consumption.
The other five manufacturing subsectors togetheraccounted for only 10
per cent of final energy consumption (table 1).

Growthin energy consumption varied considerably across the
manufacturing subsectors. The other manufacturing subsector recorded
thelargestaverage annual growth rate from1989-90 to 2005-06,at 8 per
cent, butit contributed less than1per cent of energy consumedinthe
sector. The energy-intensive subsectors of basic non-ferrous metals and

1 Energy consumption and output in the manufacturing sector

energy consumption

average

annual

growth rate

1989-90 to

2005-06 2005-06
PJ % %
Food, beverages and tobacco 183 17.0 1.6
Textile, clothing, footwear and leather 1 1.1 -1.9
Wood, paperand printing 70 6.5 2.0
Chemicalsand associated products 175 16.2 23
Non-metallic mineral products 108 10.0 0.6
Iron and steel 89 83 0.3
Basic non-ferrous metals 418 38.8 27
Other metal products 7 0.6 -2.6
Machinery and equipment 15 1.4 -1.4
Other manufacturing 1 0.1 8.0
Total manufacturing sector 1078 100.0 17

output
average
annual
growth rate
1989-90 to
2005-06 2005-06
$b % %
19 10.6 1.9
3 31 53
17 17.3 1.1
11 10.9 1.9
5 5.2 2.7
4 43 1.0
7 6.7 3.0
8 85 17
20 203 2.4
4 4.0 0.6
97 100.0 1.4
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chemicalsandassociated products grewat anaverage annual rate of 2.7
and23percent,respectively. Energy consumptioninthe textile, clothing,
footwearand leather; other metal productsand machinery and equipment
subsectorsactually fell over the analysis period (table 7). Note that the
economic recession of the early 1990s,and the manufacturing moving
offshore wasfelt strongly inalmostall manufacturing subsectors (figure
g). The two subsectors, textiles, clothing, footwear and leather,and other
metal productsare includedin the other manufacturing subsectorin

figureg.

Activity in the manufacturing sector grew from $77 billion (not shownin
table 1)in1989-90 (at constant 2005-06 prices) to $97 billion in 2005-06
atanaverageannual rate of 1.4 per cent (table1). Although the five largest
energy consumers in 2005-06 (the basic non-ferrous metals; chemicals
andassociated products;food, beverages and tobacco; non-metallic
mineral productsandironandsteelsubsectors) accounted forabout 9o
per cent of the sector’s energy consumption, they produced only 47 per
centof the output. The largest subsectors in output value terms in 2005-
o6 were food, beveragesand tobacco;wood, paperand printingand
machineryand equipment.

Only thetextile, clothing, footwear and leather and wood, paperand
printingindustries fell in terms of their share of output over the analysis
period. The mostsignificantincrease in activity level wasin the highly
energy-intensive manufacturing subsector, the basic non-ferrous metals
subsector,withanaverage rate of 3 per centayear. Thisis followed

by growthinthe non-metallic mineral products subsector (2.7 per

cent), the machineryand equipment subsector (2.4 per cent) and the
food, beveragesandtobacco,and chemicals and associated products
subsectors (both 1.9 per cent).

Factored trendsin energy consumption

Thissection discusses factored trendsin energy consumption for the
manufacturing sector over the period 1989-90 to 2005-06. The changein
finalenergy consumption over the analysis period is decomposed into the
activity effect, structural effect and real intensity effect.

Trendsin eachfactored componentand in total energy consumptionis
showninfigure h.Ingeneral, the trendin the growth in the sector (activity
effect) underpinned movementsin energy consumption. It should be
noted that the sector’s output fellin the first two years of the analysis
period, coinciding with the recession of the early 1990s. A shift toward
the more energy-intensive subsectors of basic non-ferrous metals;
non-metallic mineral products; chemicals and associated products;
andfood, beveragesand tobacco fromtheless energy-intensive
subsectors of textile, clothing, footwearand leatherand wood, paper



Trendsin energy intensity in Australianindustry abare.govau 0815

and printing s estimated to have led energy consumption to be higher
than it would otherwise have been (structural effect). The growthin
energy consumptionwas partially offset by decreasesinrealintensity,
particularly from1996-97to2001-02. However, in the last few years of
the study period, increasesin real energy intensity, especially in the basic
non-ferrous metals subsector, eroded some of the energy savings. An
increase in energy intensity in the basic non-ferrous metals subsector
canbe explained by a shift within the subsector toward the more energy-
intensive production of non-ferrous metals, particularly aluminium
production,and away from less energy-intensive production of finished
products. Thisstructural effect can be isolated from the realintensity
trend only if aconsistent data set below the subsectorisavailable (see
figuref).

Overthe period1989-90 to 2005-06, consumption of final energy in the
manufacturing sectorincreased by 259 petajoules (figure i). Anincrease
inthe sector’sactivity would have resulted inanincreasein energy
consumption of 218 petajoules if the sector’s structure and real intensity
had not changed. Allmanufacturing subsectors except textile, clothing,
footwearandleather contributed toincreases in energy consumption
due totheactivity effect. The subsectors that contributed to the largest
increase in energy consumption because of the activity effect were

basic non-ferrous metals; food, beverages and tobacco; chemicals and
associated products;and non-metallic mineral products subsectors.
Shifts within the sector from one subsector toanother caused energy
consumption to be 103 petajoules higher than it would otherwise have
been. Theshare of the less energy-intensive textile, clothing, footwear and
leatherand wood, paperand printing subsectors felland was replaced by
the more energy-intensive basic non-ferrous metals; non-metallic mineral
products;chemicals and associated products;and food, beveragesand
tobacco subsectors.

Anoverall reduction in the real energy intensity of the manufacturing
sector created net energy savings of 62 petajoules. More than half of
these savings (33 petajoules) were made in the non-metallic mineral
products subsector. However, energy savings were not achieved acrossall
subsectors (figurej).

The sixsubsectors of non-metallic mineral products; basic non-ferrous
metals; machinery and equipment;food, beverages and tobacco;ironand
steel;and other metal products, together made savings of 84 petajoules.
However, increasesin energy intensity in the other four subsectors of
chemicalsandassociated products; wood, paper and printing; textile,
clothing, footwearand leatherand other manufacturing,ledtoan
additional energy requirement of 22 petajoules.

"
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1 Changein energy consumptionin the manufacturing sector
because of the real energy intensity effect

I S S, tota] |
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Thisadditional energy requirementis not necessarily a reflection of
lower energy efficiency. It could instead be the result of changesinthe
product-mix within these subsectors toward the production of more
energy-intensive products. For example, the output datafrom ABS
(2007b) show that the basic chemical subsector (ANZSIC 253) within the
chemicalsandassociated products subsector, which involves energy-
intensive production of fertilisers and industrial gases, increasedits share
of the total output relative to other subsectors (ANZSIC 254-256). Despite
areductioninthe energy intensity of the basic chemical subsector (table
2),increasesinthe relative value of that subsector resultedin an overall
increase in energy intensity of the chemicals and associated products
subsector. This example shows how structural shifts, or changesinthe
product-mix, within the subsector can influence realintensity change at a
higher level of sectoral aggregation.

2 Energy intensities of the chemicals and associated
products subsector

energy intensity
(MJperdollarvalue addeda)
1989-90 2005-06

Chemicals and associated products 15.5 16.5
Basic chemical (ANZSIC 253) 69.2 52.5
Other chemical, rubberand plastic

(ANZSIC 254-256) 15 3.8

aAtconstant 2005-06 prices.
Sources: ABARE (2007a) and ABS (2007b).

12
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Figure kshowsthe evolution of actual energy consumption and what k Manufacturing sector energy
energy consumption would have been if energy intensity had remained at consumption With and
the1989-90 level. Itis clear that energy savings were made mostlyinthe W'thOUt_ Cha”ges inreal
second half of the analysis period. By 2005-06, the net effect of changes in energy intensity

energy intensity since 1989-9o was areduction in energy consumption of
62 petajoules. Thisis equivalent toareductionin realenergy intensity of
0.5 per centayear over the study period. Energy consumption would have
been 1140 petajoulesin 2005-06, instead of 1078 petajoules, if reductions
associated withthe real energy intensity effect had not beenachieved. In

1200

this case, energy consumption would haveincreased atan average annual 6oo
growth of 2.1 per cent. 400
200
PJ gy 1 [ 1 (A B B B |
1989 1993 1997 2001 2005
-90 -94 -08 -02 -06

energy consumption without
realintensity changes

=== actual energy consumption
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4The services sector

* Energyconsumptionintheservicessector grew from159 petajoulesin
1989-90t0 249 petajoulesin 2005-06 at an average annual rate of
2.8 percent.

© Activityintheservices sector grew from $287 billion in1989-90 (at
2005-06 prices) to $500 billionin 2005-06 at anaverage rate of 3.5 per
cent.

* Without changes tostructure and real intensity, the increase in activity
aloneis estimated to have resulted in energy consumption increasing
by 118 petajoules over the analysis period.

 Structural shifts within the sector from more energy-intensive toless
energy-intensive subsectorsare estimated to have led toareductionin
energy consumption of 8 petajoules.

* Areductioninrealenergyintensity is estimated to have delivered
energy savings of approximately 20 petajoules over the period 1989-
90t02005-06. Thisis equivalent toareductionin real energy intensity
of 0.8 percentayear.

This chapter discusses trends inactivity, structureand real energy
intensity inthe services sector forthe period1989-90 to 2005-06. The
sectorissplitinto sevensubsectors:

© watersupply,sewerage and drainage

* wholesaleandretail trade

° communicationservices
 finance,insurance, propertyand business
© governmentadministrationand defence

* education, healthand community services

* accommodation, culturaland personal services

The definition of these subsectors by ANZSIC code is providedin
appendix C. Datasourcesare presentedinappendix D.

Observed trends in energy consumption
and activity

Energy consumptioninthe services sectorincreased from 159 petajoules
in1989-90to 249 petajoulesin 2005-06 at an average annual rate of
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2.8 percent (figurel).In2005-06, energy consumption in this sector
represented14 per cent of final energy consumed in Australianindustries
coveredinthisreport.

The wholesale and retail trade subsectoraccounted for the largest share
of the sector’s energy consumption in 2005-06, making up 40 per cent
of final energy consumed in the services sector (table 3). Energy use in
this subsector grew strongly over the analysis period, from 61 petajoules
in1989-90to 101 petajoules in 2005-06. According to Pears (2007) this
isareflection of growth in energy-intensive food outlets,and increased
use of lightingand airconditioning. Growth in energy consumption

inthe remaining subsectors was strong, although the government
administrationand defence and education, healthand community
servicessubsectors grewatan average annualrate of less than 2 per cent.

Activity inthe services sector grew from $287 billion (not shown in table
3)in1989-90 (at constant 2005-06 prices) to $500 billionin 2005-06 at
anaverage annual rate of 3.5 per cent (table 3). The largest increase inthe
activity level was in the communication subsector (7 per cent), although
it was fromalow base of $7 billionin 1989-90 (at 2005-06 prices). This
was followed by the growthin the finance, insurance, property and
business subsector (4 per cent), the wholesale and retail trade subsector
(3.4 per cent)and the education, healthand community services and
accommodation, culturaland personal services subsectors (both 3.2
percent). The dataalso suggest energy consumptionin the water supply,
sewerage and drainage subsector grewatasignificantly higherrate (4.2
percentayear) thanthe growthinitsactivity (0.2 per centayear).

3 Services sector energy consumption and output

Final energy consumption
inthe sevices sector

250

200

150

100

50

RJ\\ [ e e e ey I B
1989 1993 1997 2001 2005
-90 -94 -98 -02 -06

accommaodation, culturaland personal
services

m education, healthand community services
governmentadministrationand defence

m finance,insurance, property and business
communication services

m wholesaleand retail trade
water supply, sewerage and drainage

energy consumption

average

annual

growth rate

1989-90to

2005-06 2005-06
PJ % %
Water supply, sewerage and drainage 10 4.2 4.2
Wholesale and retail trade 101 40.4 3.2
Communication services 8 3.4 4.4
Finance, insurance, property and business 31 12.3 4.
Government administration and defence 24 9.7 1.8
Education, healthand community services 45 18.2 1.4

Accommodation, cultural and

personal services 29 11.8 3.1
Total services sector 249 100.0 2.8

output
average

annual

growth rate

1989-90to

2005-06 2005-06

$b % %
7 1.4 0.2
100 20.0 3.4
23 47 74
182 36.4 4.0
38 7.6 2.4
o8 10.6 3.2
52 10.4 3.2
500 100.0 35
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Factored trendsin energy consumption

Factoredtrendsinenergy  Thechangeinfinalenergy consumption overthe analysis period s

I I l cons_umption inthe decomposed into the activity effect, structural effect and real intensity
services sector offect.
change relative to 1989-90

Trendsin each of the factored componentsandin energy consumption
1.6 forthe period1989-90 to2005-06 are shown in figure m. Itis clear
thatincreasesinthe sector’sactivity level drove changesin energy
consumption, particularly during the period prior to 2001-02. Shifts in
the composition of the sector from the late 1990s onward, mostly toward

1.2

/ the finance, insurance, property and business subsector, led to energy
1.0 """“-"'~;: rrrrr consumption beingslightly lower than it would otherwise have been
= (structural effect). Note that foralmost all of the analysis period increases
o8 inenergy intensity in the services sector resulted in energy consumption
L — beihghigherthanitwouldotherwisehayebeenAAfterzooroz,consistent
1989 1993 1997 2001 2005 savingswere made in energy consumption because of asharp decline
90 94 -98 02 06 inthe energy intensity trend. This coincides with the implementation of

a;ti"ity?ffe“ ) government policies designed to improve energy efficiency fromthe
" changein energy consumption late 1990s. These include the minimum energy performance standards
== realintensity effect ) ) o
—— structural effect forappliances and equipment, energy efficiency standards for new
and refurbished buildings, Australian government energy efficiency
operationsand other energy efficiency measures (DCC 2008).

n Decomposition of changein Over the period 1989-90 to 2005-06, consumption of final energy in
energy consumptionin the  theservicessectorincreased by 9o petajoules. Figure n shows how
S%I’VIC?S SeCtoér changes inactivity, structure andreal intensity affected the change in
1 -90 0 2005-O . L .
oroaotozom energy consumption. Based on activity alone, energy consumption
: S would have increased by 118 petajoules, or 28 petajoules more than
changeneners) , , ,
consumption ;EEEEEEEEEES actual consumption. All subsectors grew in terms of their outputandall
Poodoi contributedto theincrease in energy consumption. Wholesale and retail

activit):/efféct ‘ ) ) . '
N trade contributed the greatest share of the increase in consumption
: structural effect because of theincreasesinactivity. The effect of shifts toward less
realintensity effect energy-intensive subsectors suchas communication servicesand finance,

_4‘0 _2(‘) B 20 40 60 80 100 property,insurance and business resulted in energy consumption being
8 petajoules less than it would otherwise have been.
Anoverallreductionin the energy intensity of the services sector
generated net savings of 20 petajoules. More than half of these savings
(11 petajoules) were made in the education, health and community
services subsector (figure 0). The wholesale and retail trade subsector
also made significant savings. It should be noted that savings were made
inallservices subsectors except the water supply, sewerage and drainage
subsector. Inthissubsector,anincrease in energy intensity led toan
additionalenergy requirement of 5 petajoules. The factors underpinning
this result cannot be identified within the scope of this study and require
furtherinvestigation.
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Changein energy consumption in the services sector
because of the real energy intensity effect

0]

I S S S total

— education, healthand community

_ wholesale and retail trade

I communication services
[ ] governmentadministration and defence

Il accommodation, culturaland personal

: . finance, insurance, property and business
water supply, séwerage and drainage _
-15 -10 -5 PJ 5

Figure p shows the evolution of actual energy consumption and what
energy consumption would have beenif energy intensity had remained at
the1989-90level. Inthe case of the services sector, energy savings were
made after 2001-02. The strong decrease in energy intensity after 2001-02
apparentinfigure mwas sufficient to overcomelosses that had occurred
throughout the 1990s. Without the decrease in energy intensity, energy
consumption would have reached 277 petajoules (rather than

249 petajoules) in 2005-06. By 2005-06, the net effect of changes in
energy intensity since 1989-9o wasareductionin energy consumption of
20 petajoules. Thisis equivalent toareductioninreal energy intensity of
0.8 percentayearover the study period.
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Final energy consumption
q intheagriculture, mining
and construction sectors
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construction
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Agriculture, mining and
construction sectors

© Aggregate energy consumptioninthe agriculture (including forestry
andfishing), miningand construction sectors grew from 256 petajoules
iN1989-90to 499 petajoulesin 2005-06 atan average annual rate of
4.3per cent. Activity inthese sectors grew from $92 billionin1989-90
(at 2005-06 prices) to $155 billion in 2005-06 at an average annual rate
of 3.3 percent.

*  Energyconsumptionintheagriculture sector grew from 55 petajoulesin
1989-90 to 93 petajoulesin 2005-06 at anaverage annual rate of 3.3 per
cent. Activity grew from $18 billionin 1989-90 (at 2005-06 prices) to
$27billionin2005-06 at anaverage annual rate of 2.8 per cent.

* Energyintensityintheagriculture sectorincreased atanaverage
annual rate of 2.8 per cent. Suchanincrease in realenergy intensity
is estimated to have led toan additional energy requirement of
approximately 5 petajoules over the period 1989-90 t0 2005-06.

*  Energyconsumptioninthe miningsector grew from 160 petajoules in
1989-90 to 380 petajoulesin 2005-06 at an average annual rate of 5.6 per
cent. Activity grew from $40 billionin 1989-90 (at 2005-06 prices) to
$65billionin2005-06 atanaverage annual rate of 3 per cent.

© Energyintensityinthe miningsectorincreasedatan average annual
rate of 3.7 per cent. Thisis estimated to have led to an additional energy
requirement of approximately 112 petajoules over the period 1989-90
to 2005-06.

* Energyconsumptioninthe construction sector fell from 41 petajoules
in1989-90 to 26 petajoulesin2005-06 atan average annual rate of
2.7 per cent. Activity grew from $34 billionin 1989-90 (at 2005-06
prices) to $62 billionin 2005-06 at an average annual rate of 3.8 per
cent.

* Energyintensity inthe constructionsector declinedatan average
annual rate of 8.2 per cent. Areductioninreal energy intensity is
estimated to have delivered energy savings of approximately
32 petajoules over the period 1989-90 to 2005-06.

Observed trends in energy consumption
and activity

Aggregate energy consumptionin the agriculture, miningand
construction sectors grew from 256 petajoulesin1989-90 to 499
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petajoulesin2005-06 atanaverage annual rate of 4.3 per cent (figure g).
In2005-06, consumptionin these sectorsaccounted for 27 per cent of the
finalenergy consumed by the Australian industries covered in this report.
The datasources for these sectorsare presentedinappendix D.

The mining sector contributed about three-quarters of energy
consumption (380 petajoulesin2005-06) in these sectors, which is
equivalentto 21 per cent of energy consumed across industries coveredin
thisreport. Theagriculture and construction sectorsaccounted for 5 per
centand1per cent of energy consumption, respectively.

Energy consumptionin the miningsector grew the strongest,atan
average annual rate of 5.6 per cent over the period 1989-90 t0 2005-06.
Growthinenergy consumption in this sector has been particularly strong
since 2001-02 (9.1 per centayear). Energy consumptionin the agriculture
sector grewatanaverage rate of 3.3 per centayear. Energy consumption
inthe construction sector fell over the study period, at anaverage rate of
2.7 percentayear.

Activity inthe combined agriculture, mining and construction sectors r Outputintheagriculture,

grew from $92 billion in 1989-90 (at 2005-06 prices) to $155 billionin
2005-06,atanaverage annual rate of 3.3 per cent (figurer). The largest

miningand construction
Sectors 2o0o05-06dollars

increase intheactivity level wasin the construction sector,withan 75
averagerate of 3.8 per centayear. This was followed by growth in the 150

mining sector of 3 per cent which representsanincrease in the volume

of outputratherthananincreasein the value added that hasincreased 125

dramaticallyin recent years (see box1). Activity in the agriculture sector 100
grewatanaverage annualrate of 2.8 per cent over the study period, with
amarkeddeclineinactivity during the severe drought years of 1994-95

and2002-03.However,the growthinactivity level inthe agriculture and 500
mining sectors was slower than the growth in energy consumption.

750

250
$b|”|on [ LN Y Y (B B B
. . 8
Factored trends in energy consumption E 7 e
Thereisnostructural effect observedinany of the agriculture (including construction
B mining

forestryand fishing), miningand construction sectors over the period
1989-90 t0 2005-06 because there are no subsectoral energy and
activity dataunderlying these individual sectors. Figure t presents
change in energy consumption and decomposition results that have
occurred during the analysis period for each of the sectorsincludedin
this chapter.

agriculture
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Growth invalue added - mining sector

The global minerals boom, which hasaddedsignificant value to the
Australian mining sector, has been driven primarily by anincrease in prices
ratherthananincrease

inoutput. The difference

inthe growthin prices Growthinthe mining sector

(value terms)and output 1989-90=100
(volumeterms)inthe 35

miningsector is shown

infigure s (ABS2007a). 30

Overall,the mining

sector’svalueaddedin 25 e e

valuetermsincreasedat
anaverage annual rate of
9 percentwith most of
thatgrowth occurringin
recentyears. However,
output measured by
‘valueaddedinvolume e e e e B
terms’grew by only3per 1989 1993 1997 2001 2005
centayearwith most of 90 24 98 o2 06
thatgrowth occurring
priorto 2000-01.

S S

value added, value terms
= Value added,volumeterms

Agriculture (including forestry and fishing)
sector

From1989-90t0 2005-06,energy consumptionin the agriculture sector
increased by 38 petajoules. Anincrease in energy consumption in this
sectorisstrongly influenced by changesin activity level, which would
have resultedin energy consumption increasing by 33 petajoules. The
remainder of the increase in energy consumption (5 petajoules) was
because of anincrease inreal energy intensity. This is equal to an average
annualincreaseinrealenergyintensity of 2.8 per cent. A significant
increase in energy intensity occurred in1994-95and 2002-03 (figure u). A
reductioninagriculture output because of the severe droughtsinthose
two years, without corresponding changes in energy consumption, has
contributedtoanincreaseinenergyintensity in this sector.

Mining sector

For the mining sector, energy consumption increased by 220 petajoules
duringthe period 1989-90 to 2005-06 (figure t). Had energy intensity
inthis sector stayed at the 1989-90 level for the whole of the analysis

20
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period, activity growth would have resulted in energy consumption Factored trendsin energy

u consumptioninthe
agriculture (including
forestry andfishing) sector
change relative to 1989-90

increasing by only 108 petajoules. The remainder of the increase in
energy consumption (112 petajoules) was because of anincreasein real
energy intensity. Throughout the study period, energy consumption
grew faster than the sector’s output therefore leadingtoanincreasein
energy intensity (figure v). Thisis equal to an average annual increase
inreal energy intensity of 3.7 per cent. Various factors contributed to
anincreaseinenergyintensity in this sector. First, for the production
of mineral commodities, high-grade minerals or those that can be
accessed most cost effectively are generally extracted first. Over time,
these depositsare used up leading to a shift to lower-grade minerals
thatrequire more energy intensive processes (Saddler, Diesendorf
and Denniss 2004). Second, as mineral resources closer to the surface
are depleted, increasesin production require the extraction of
resourceslocated deeper underground needing more energy-intensive

techniques. Inthe light of the recent minerals boom, mining companies 19‘89‘ ‘ ‘19‘93‘ ‘ ‘19‘97‘ ‘ ‘20‘01‘ ‘ ‘20‘05
in Australiahave beenincreasing minerals exploration. The expenditure -90 94 -98 -02 -06
onminerals exploration activity in 2006-07 was $1 billion higher than in activity effect

2002-03and the depth of metres drilled over the same period increased = changein energy consumption

by 64 per cent (Geoscience Australia2008). Another reason for the == realintensity effect

increase in energy intensity in the mining sector is the substantial

increase inthe relatively energy intensive production of liquefied natural

gas (LNG). Over the period 1989-90 to 2005-06, the production of

LNGincreasedatanaverage rate of 13 per centayear (ABARE 2007b),

compared with anaverage growth of 3 per centayear in total mining

output. Without additional subsectoral data within the mining sector,

the influence of changes in the mining sector’s structure cannot be

removed from the energy intensity indicator (figure f).

index

Construction sector

Forthe construction sector, energy consumption over the period 1989-
90 to 2005-06 declined by 15 petajoules (figure t). Unlike the agriculture
and mining sectors, energy consumptionin the constructionsectoris
strongly influenced by downward trends in energy intensity (figure w).
Whileanincrease in the sector’s activity resulted in energy consumption
increasing by 17 petajoules, energy intensity contributed to a reduction
in energy consumption of 32 petajoules (figure t). Thisis equivalent to
areductioninreal energyintensity of 8.2 per centayear. Without the
energy savings of 32 petajoules, energy consumption in this sector
would have been 58 petajoulesin 2005-06, rather than the observed

26 petajoules.
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6Conc|usions

Between1989-90 and 2005-06, final energy consumption in Australian
industriesanalysed inthis reportincreased by 48 per cent. This study
decomposed the changesin energy use over time into anactivity effect, a
structural effectandareal intensity effect. Overall, sectoral activity was
found to be the largest contributor to the growthin energy consumption.
Without changesinreal energy intensityand sectoral structure, final
energy consumptionwould have increased by 62 per cent. A change in
the sectoral structure, from relatively more energy intensive industrial
activitiesto lessintensive services activities, contributed toa14 per cent
reductioninenergy used. However, real energy intensity has contributed
tolessthan1percentof theincreaseinfinal energy consumption.

Theanalysis highlights differencesintrendsin energy intensity across
sectors. Areductioninrealenergy intensity in the manufacturing, services
and construction sectors contributedtoa g per cent reduction in energy
used. However, thisreduction in energy consumption was offset by higher
energy intensityin the agriculture and mining sectors. Areductionin

the output of the agriculture sector because of the severe droughts of
1994-95and 2002-03, without apparent changes in energy consumption,
was the main reason underlyinganincrease in real energy intensityin
thissector. Similarly, declining ore grades, the need to access deeper
depositsandsignificantincreasesin the liquefaction of natural gas have
contributedtoanincreaseinreal energyintensity inthe mining sector.

This reportalso highlights the lack of availability of more disaggregated
dataonenergy usedto produce goodsand services in Australian industry.
Asidentified,improvementsin energy intensity can only be reliably
measured at the level of individual production processes or plants. In

the absence of detailed data at that level, changesin the product-mix or
production processes within each subsectorare not captured.

One of the advantages of the factorisation method adopted in thisreport
isin providinga consistent trend to monitor the progress of energy
intensity at the sectoral level,where dataare available. These trends are
comparable over time and provide valuable guidance to policy-makers.
However,alack of additional explanatory variables in this study, which
have amajor influence on theincentives to undertake energy intensity
improvements means strong conclusions cannot be drawn about the
factors underlyingtheintensity trends presentedin this report. Future
research should be focussed on providinga clearer understanding of
thereasons behind some of the key changesin energy intensity trends
identified.
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endix

%A Mathematical framework

Thisreportusesthe log-meandivisiaindex | (LMDI ) method to
decompose changesin energy consumptioninto three components —
theactivity effect, the structural effectand the real intensity effect. This
method hasanumber of advantages over other decomposition methods,
includingthat it does not leave an ‘unexplained’ or residual part.

In this appendix, the mathematical derivation of this method s presented.
This framework is based on the additive form of the LMDI | decomposition
method, proposed by Angand Liu 2007).

Energy consumption £ forasector with n subsectors can be expressed
algebraicallyas:

1 A

. ; 2 A

Where A istheactivity of asector’s /" subsector, A is the total activity
forthesector,and £, is the energy consumption of the " subsector. The
second termon the right hand side gives the share of the subsector’s
activity of the total sectoralactivityand the third term gives the energy
intensity of the /" subsector. By defining 5= 4 and 1= £ equation1
canbewrittenas: A A

2 E=ASS|

Equation 2is the basis for various energy decomposition methods.

See Ang,Liuand Chew (2003), Liuand Ang (2003) and Ang (2004) for
comparisons of these methods. Ultimately, the interestis in how changes
inenergy consumption over time can be decomposed into the three
factorsontheright handside. The additive type of the log-mean divisia
indexallows us to expressagiven change in energy consumptionas the
sum of achange in activity,a change because of shiftsin structureand a
change because of changesinrealenergy intensity:

E-E=SW.(INA -InA )+ SW_(InS, -InS )+ Sw.(In/_-In/ )
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where the subscripts oand Trefer to the value of the variables at the start
andend of theinterval of interest. The variable W is the logarithmic mean
of energy consumptionacross the startand end periodsand is defined as:

E/’T_ E/‘,o

W=
Ir{ i E}

Thefirst term onthe right hand side of equation 3is the activity effect,
thesecondisthestructural effectand the thirdisthe real energyintensity
effect.

For more details about the additive form of the LMDI I method see MKJA

(2005) and Ang, Zhangand Choi (1998). For details of the multiplicative
formsee AngandLiu 2007).
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appendix

BEfﬂuency indicators

Thereisno unequivocal quantitative measure of energy efficiency. The
measurement of progress in energy efficiencyis generally basedona
series of indicators that can be constructed using the available data.
Patterson (1996) classifieda number of indicators that can be used to
measure changesin energy efficiency into four mainapproaches.

Thefirstapproach, the thermodynamicindicator, is an indicator based
purely onan engineering perspective. The thermodynamic indicator
relies exclusively onthe measurement derived from the science of
thermodynamics, thatis, the science of energyandits processes. It can
be measuredin terms of the heat (energy) content of the outputs over
energyinputs of the process. Because of its focus on the physical nature
of energy involved in the process, the thermodynamic indicator is of
limited use inassessing energy efficiency at the sectional level.

The second approach,an economicindicator, is based purely onan
economic perspective. This indicator measures changes in energy
efficiency purelyin terms of market value. That s, energy consumed and
output produced are measured in monetary terms. In economic jargon,
energy efficiency measured from thisapproachis equivalent to energy
productivity.

The othertwo approaches, whichare more relevant to the energy
intensity literature,are based on hybrids of the above indicators. These
are the physical-thermodynamic and economic-thermodynamic
indicators. The physical-thermodynamic indicator measures energy
inputin terms of thermodynamic units (that is, heat content of the input)
andthe outputis measuredin physical units suchas tonnes or litres of
product. The economic-thermodynamic indicator measures energy
inputinthe same way as the physical-thermodynamicindicator, but the
outputis measured interms of market prices. Both types of indicators can
be estimated at various hierarchical levels within the economy (figure f).

Allthe efficiencyindicators discussed above imply that the least use of
energyto produce agiven level of output would seem to be aworthwhile
goal. However, this level of energy consumption may not be economically
desirable from the viewpoint of an economic decision making unit,and
considering the total cost of production. It therefore deserves some
attention to also discuss the term efficiency fromabroader economic
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perspective —economic efficiency. The preceding discussion of energy
efficiency focuses only onefficiency of energy use and disregards the

use of non-energy inputs. Froma broader perspective, producersand
consumers seek to economise onthe use of allinputs, not just energy.
Thatis, they tend to use acombination of inputs that is most cost effective
for them.

Suchadistinctionin energy efficiency and economic efficiency can
beillustratedin figure x. The curved line shows different combinations
of energyand non-energy that can be used to produce agiven level

of output, Q. Any combinations that lie above this curve (point A) are
considered to be technically inefficientas one input can be reduced
without usingmore of the otherinput. From point A, a technical
improvement to the production process can be made by reducing
eitherenergy inputalone (point B) or non-energy inputalone (point
C)toachieve the same level of output. However, both types of choices
still cannot lead to the most optimal combination of inputs. Toachieve
economic efficiency, the value of allinputs—the prices of energy and
non-energy—also need to be taken into account,assuming that prices
ofallinputs reflect their marginal social cost. The line X ¥ shows the
relationship between the values of both inputsin terms of willingness

to substitute one input with the other. The economically efficient
combination of energy and non-energy inputsis at point O, where the
relative prices of energyand non-energy formatangent to the technical
efficiency curve.Itisworth noting thatincreases inthe energy price
relative to the price of non-energy input will change the negatively sloped
line from the original X ¥ to X, Y, Changes in the relative prices will make
point Bthe economically optimal combination of inputsand thus reduce
energy demandfromE£ _toE,.
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appendix

C Industry coverage

Ingeneral, the industrial classification and sectoral definitions used in
this study correspond to the 1993 Australianand New Zealand Standard
Industrial Classification (ANZSIC). This classification has been slightly
modified in order to represent the sectors that consume the final form
of energy. Thatis, the sector that performs energy conversion activity is
excluded in thisreport. Sucha change gives the classification as shownin

table 4. The changes are:

« theexclusion of electricity supply (ANZSIC 361) and gas supply

(ANZSIC362) sectors;

+ theexclusion of petroleum refining (ANZSIC 251) and petroleum
and coal product manufacturing (ANZSIC 252) subsectorsfromthe

manufacturingsector;and

* theexclusion of coke oven operations and blast furnace operations
fromtheironandsteel manufacturing subsector (ANZSIC 277).

4 Industrial classifications used in the study

sectors/sub-sectors

Agriculture (including forestry and fishing)
Mining

Manufacturing

Food, beveragesand tobacco

Textile, clothing, footwear and leather
Wood, paper and printing

Chemicals and associated products
Non-metallic mineral products

Iron and steel (excludes coke ovens and blast furnaces)

Basic non-ferrous metals
Other metal products
Machinery and equipment
Other manufacturing

Construction

Services

Water supply, sewerage and drainage
Wholesale and retail trade

Communication services

Finance,insurance, property and business
Government administrationand defence
Education, health and community services
Accommodation, cultural and personal services

ANZSIC code
Division A

Division B

21

22

23-24

253-256

26
2700-2713,2716-2719
272-273

274-276

28

29

Division E

37
Divisions Fand G

Division J
DivisionsKand L
Division M
DivisionsNand O
Divisions H,Pand Q
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%D Data sources and issues

Thisappendix discusses data sources as wellas general issues about the
appropriateness of various measures of activity and structure for the
purpose of estimating intensity trends. Note that a trend analysis requires
areasonably longtime series of consistent data for many sectors.

Data sources used in the study

Measures of energy consumption

The main source of energy consumption data usedin this reportis drawn
fromthe Australian energy statistics (AES) published annually by ABARE
(2007a). The AES database provides comprehensive statistics on energy
consumption by industry, fueland state, much of which is unavailable
elsewhere. The most recent version of AESwas released in July 2008, and
isavailable at www.abare.gov.au.

Energy consumption data for the agriculture, mining, construction and
servicessectors coveredin this report contain information at the division
level of the ANZSIC code. For the manufacturing sector, it contains
informationat the 2-digit ANZSIC classification level. However, energy
consumption datafromthe AESisavailableata more disaggregated three
digit ANZSIC level for the energy-intensive chemicals and associated
products; non-metallic mineral productsand metals subsectors. The list
of sectorsusedinthisreportinaccordance with the ANZSIC classification
is providedinappendix C.

Some manufacturing subsectors undertake energy conversion activity.
Forexample,theironandsteelindustry converts large amounts of coal

to coke foruseinblast furnaces. Datain the AES is sufficiently detailed to
allow these conversionactivities to be isolated. Energy consumption in
the manufacturingsector therefore includes consumption of final energy
only.Inthe case of theironandsteelindustry forexample, final energy is
assumed toinclude coke but not coal.

Measures of activity

Inthis report, the level of activity is estimated using physical production
fortheironand steeland basic non-ferrous metals subsectors,and using
gross value added for other subsectors.
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Measures of value added were drawn from the National Accounts (ABS
20074a). The value added series is based on chain volume measure in 2005-
o6 prices,whichremoves the effect of price increases. This makes the
trendsinvalueaddedagood proxy for changes inindustrial production.
Fortheironandsteelandbasic non-ferrous metals subsectors, activity
is based on ABARE’s (2007b) estimates of physical production. Using the
method proposed by MKJA (2005) avalue added seriesand aphysical
production series can be aggregated. Anaggregated series for different
activity variables of theironandsteeland basic non-ferrous metals
subsectorsis constructed by multiplying an index series of physical
production with the ABS’s estimate of value added for 2005-06.

Dataissues

Dataissues forthe industrial sector

In line with mostinternational studies of energy intensity trends, this
report usesvalue added to measure the activity of mostindustrial sectors
(includingagriculture, mining, manufacturing and construction). Broadly
speaking, value added is the difference between anindustry’s revenue
andits costs. Whetheritisanappropriate activity variable depends on
how intensity is defined. The trend internationally is to measure intensity
using physical outputs where possible because these are seenas more
closelyapproximating the service that energy provides. In other words,
the focusis on physical-thermodynamic indicators rather than economic-
thermodynamic indicators (appendix A). However, froman economic
standpoint, intensity measures based on value added have the advantage
of incorporatingsociety’s valuation of the goods and services being
produced, at least to the extent that thisis reflectedin prices.

In most cases, the decision of whether to use value added or physical

units is made by the availability of data. Physical production estimates are
available from ABARE’s Australian commodity statistics (2007b) for two
manufacturing subsectors -ironand steeland basic non-ferrous metals.
Although ABS publishes estimates of manufacturing productionin
physical units for29 commodities, these do not align with ABARE’s (2004).
estimates of energy consumption Inall cases, the diversity of processes
and productsinacomplexindustrial sector like Australia’s makes it
difficult to aggregate physical outputs consistently.

However,arecent report on energy efficiency trendsin Canada
(NRC2006) gives anidea of what is possible. Of the 49 subsectors of
manufacturing considered inthe report, activity for 23 of themwas
measured using physical outputs such astonnes of pulp and paper, litres
of dairy productsand cubic metres of concrete. The lack of such data,
except fortheironand steeland basic non-ferrous metals subsectors,
precludedasimilaranalysisin thisreport.
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Data issues for the services sector

Value addedis notanideal indicator foractivity because the value of

the services sector may not be directly related to the energy consumed.
In major subsectors, energy is used mostly to provide heating, cooling,
lightingand air handling, and to power office appliances and commercial
refrigerators. In most cases, these services need to be provided whatever
the level of activity. In other words, the link between value added and
energy consumptionin the services sectoris perhaps notas strong
asintheindustrial sector where energy is often asignificant input
whichincreasesasoutputincreases. Instead, energy consumption in
theservices sectoris more likely to be related to floorarea, appliance
diffusionand climate. More meaningful analysis of intensity trends for this
sectorwould require estimates of energy end use for various subsectors,
aswellasactivity variables for each.

Thereareanumberof reports thatanalyse particularaspects of energy
enduseinthe Australian services sector but theiraimis generally not
toprovidealongtime series. A key study is by George Wilkenfeld and
Associates (2002) which estimates various energy end uses for the
services sectorasawhole foreach Australian state for199g. EMET
Consultantsand SOLARCH Group (1999) and EMET Consultants (2004)
estimate various energy end usesin1gg9o and 2000 for different services
subsectors, including wholesale and retail trade;accommodation,
cafesand restaurants; communication services; finance and insurance;
government administrationand community servicesand culture and
recreation services. Estimates of energy end use by office appliance are
providedin Sustainable Solutions (2003).

Inrelation toactivity variables, NIEIR (1997) estimates floorareafor
various types of Australian buildings until1996. Bader (2006) estimates
floorspace in2002and 2004 for various services sectors in Melbourne.
However,asuitable time series of estimated appliance diffusion rates for
the services sectorisnotavailable.
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Glossary and abbreviations

activity effect

The change in energy consumption that would result fromachange inthe
overalllevel of production, other things beingequal. It is one of the three
factorsusedinthis report to decompose changes in energy consumption
(the others being the realintensity effect and the structural effect).

aggregate energy intensity

Energy consumed per unit of output,at any given level of industrial
classificationaggregation. At the economy wide level, thisis equal to
energy-to-GDPratio. At the sectoral level, it is energy-to-output ratio.
Alsoseerealintensity effect.

derived energy

Forms of energy produced from primary energy or other derived energy
througha conversion process (also known as secondary or tertiary
energy). Derived energy includes petroleum products, electricity, town
gas, coke oven gas, blast furnace gasand briquettes.

energy savings

The difference betweenactual energy consumptionin 2005-06 and the
estimated energy consumption that would have occurred in 2005-06 if
real energy intensity had stayed at 1989-90 levels.

factorisation method

Amethod usedtodecomposetrendsinaseries (suchasenergy
consumption) over time into a range of effects. Each effectisisolated in
the sense that changesinthe seriesare calculated from that effectalone
(all other effectsare held constant).

finalenergy

Forms of energy that can be converted to useful energy (for powering
amotor or cooking, for example) without further processing. Itis also
knownas end use energy. Some primary energy are used directly as final
energy (suchaswoodand coal) but most forms of final energy are derived
fuels (suchas petroleum productsand electricity).

value added

Broadly,asector’svalue addedisameasure of its contribution to the
total value of production of goods and services in Australia. It is roughly
equivalenttoasector’sreceiptslessits costs of production. Estimates of
value added usedin this reportare provided by the Australian Bureau of
Statistics.

32



Trendsin energy intensity in Australianindustry abare.govau 0815

log-mean divisia index

Anenergy decomposition (factorisation) method proposed by Angand
Liuusingalogarithmic mean function to weight sector’s share of energy
consumption over the period (20071). This method provides a perfect
decompositionand consistency inaggregationand therefore does

not containapproximation error in the factorisation. See factorisation
method.

primary energy

Forms of energy obtained directly from nature and not subject to further
refining before being useful. These include coal, oil, natural gas, uranium
andwood.

production effect
Seeactivity effect

real intensity effect

One of the three factors usedin this report to decompose changesin
energy consumption (the others being the structural effectand the
activity effect). The realintensity effect measures the change in energy
consumption caused by changes inhow much energy is used to produce
eachunitof output. Atagiven level of aggregation, itis the weighted

sum of the energy-to-output ratios at lower levels of aggregation. This
measure of energy intensity ata particular level differs from the aggregate
energy intensity at that level by excluding the effect of changesinthe
structure of the economy (the structural effect).

secondary energy
Seederived energy.

structural effect

The change in energy consumption resulting from changes in the mix of
industrial output (for example,a contractionin energy intensive sectors
relative to other sectors). For the energy consumption of asingle sector, it
isashiftinthe shares within the subsectors,andsoon.lItisone of the three
factorsusedinthis report to decompose changes in energy consumption
(the others being the realintensity effect and the activity effect).

total energy consumption

The total quantity of primaryand derived energy consumed, less the
quantity of derived energy produced in the energy conversion industries.
Totalenergy consumption includes the consumption of petroleumin
nonfuel uses.
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