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Sector 0101: Sheep and Shorn Wool (Wo)
Sheep, lambs, shorn wool and dead wool

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicators of greenhouse emissions and water use 
are about seven times the average, while land disturbance is 50 times the average. The social indicators show that 
employment generation is 50% greater than average, income is 45% below average, and government revenue is 35% 
below average. The fi nancial indicators show that operating surplus is 60% greater than average, export penetration 
is four times the average, and import penetration is 50% below average. While the historical importance of wool to 
the Australia economy appears to be waning, considerable effort is being devoted to improving its fractured supply 
chain, and gaining access to synthetic garment markets fro m which it has been excluded. This analysis highlights 
environmental impacts in relation to fi nancial returns.

Sector Description

Wool production in 2003 was nearly 500 000 tonnes shorn from 118 million sheep which graze in the wheat sheep 
zone (55%), the high rainfall zone (33%), and the pastoral zone (12%). The fl ock is composed of Merino (85%), 
crossbred (10%), and other (5%) breeds. One third of the wool clip is now the more valuable fi ne grades that are 
less than 19 microns in diameter. China is the top wool export destination (33%) followed by Italy (15%), Korea (7%), 
Taiwan (5%) and India (5%). Sheep meat is grown in this sector, but delivered through the ‘meat products’ sector. 
Meat production is about 640 000 tonnes annually from 32 million animals, with half exported and half consumed 
domestically. Six million live sheep are exported mainly to the Middle East. In constant dollar terms, the turnover of 
wool growing has halved over the last 30 years, while sheep and lambs have decreased by one fi fth. Turnover in 2002 
was about $4 billion and involved over 11 000 enterprises.

Place of Industry in the Economy

The sheep and shorn wool sector ranks 44th out of 135 sectors in terms of value adding in the economy, and 
contributes 0.46% of GDP in this analysis. It is similar in value adding to the meat products and plastic products 
sectors. It is a moderate employer with 31 000 employment years directly embodied in fi nal demand, and another 
11 000 years in the sector’s suppliers, giving a total of 42 000 employment years. In addition, the sector supplies 
24 000 employment years to the fi nal demand of downstream industries such as processed wool, meat products, 
and clothing. The sector has relatively large resource requirements in absolute terms, with over 20% of national land 
disturbance, 2.7% of water use, 2.8% of greenhouse emissions, and 0.3% of energy use. In fi nancial terms, exports 
are nearly 20 times the level of imports.

Strategic Overview

The spider diagram portrays the sheep and wool sector with a number of pronounced outliers for the environmental 
indicators of land disturbance, water use and greenhouse emissions. The fi nancial indicators, as well as the social 
indicator of employment generation, are well above average. The environmental indicators refl ect the physical realities 
of the production process, which are indexed against a market price currently struggling to maintain an appropriate 
exchange value that refl ects the complexity of the production chain. Downstream issues include animal welfare, the 
live sheep trade, landscape health and biodiversity loss. Although there is much media comment on the demise of the 
wool industry, the sector is still important for the rural economy and provides an important underpinning for many rural 
communities, and for effi cient and viable farm production systems.
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TBL Account #1

The fi nancial indicator of operating surplus is 45% above average, with a direct sector effect of 75% and a long 
chain of 1% contributors such as shearing, hay growing, machinery repairs, wholesale trade and banking. The social 
indicator of employment generation is 30% above average, with a direct effect of 74%, and a composition similar to the 
surplus indicator. The environmental indicator of greenhouse emissions is six times the average, and is discussed in 
more detail below.

TBL Accounts #2 and #3

The second TBL account shows an export propensity four times the average, an income indicator 50% below average 
and a water use indicator nearly six times the average. The third TBL account shows import penetration 60% below 
average, government revenue 20% below average, and land disturbance 45 times the average. Water use and land 
disturbance are discussed below. 

Structural Path Analysis and Linkages

The environmental indicators of greenhouse emissions, water use, and land disturbance are all substantially above 
average. In all cases the direct sector effect dominates, with 94% of the greenhouse emissions, 78% of water use, and 
100% of land disturbance indicating improvement should be within sector. Fuel use produces only 2% of greenhouse 
emissions. Most (97%) are due to methane from the digestion processes in sheep, with higher levels of emissions 
from sheep grazing poor quality pastures. Water use is due to irrigated pasture and crop that is used primarily to fatten 
lambs and to accelerate live weight gain (fl ushing) in ewes to stimulate ovulation and subsequent pregnancy. Much of 
the market success of lamb meats in the past decade has been due to the ability of the production system to provide 
high quality tasty meat in most months of the year. While production zones are matched where possible to the highest 
likelihood of seasonally green pasture, the inherent variability of Australian animal production systems means that 
irrigated pasture provides the essential buffer. Feedlotting of sheep is being used to grow lambs out, but there may be 
a fi ne balance in consumer acceptance between ‘lambs from grass’ and ‘lambs from lots’. The land use indicator is an 
integration of intensively managed land that can carry more than 20 sheep per hectare, and extensive pastoral land 
that requires more than 20 hectares per sheep. If the land disturbance account used in the study was complemented 
by measurements of biodiversity loss, it is possible that the land disturbance underlying sheep and wool production 
might be reduced. Some methods of environmental accounting would suggest the moderate prices paid for the 
products do not adequately refl ect the full suite of environmental services embodied in them.

The sector’s stimulus to its upstream suppliers is 25% below average and impacts on services to agriculture 
(shearing), wholesale trade, accounting and marketing, road transport, and property services. The linkages to 
downstream industries are 20% below average mainly because of the large export of product. The linkages to 
downstream industries suggest that any expansion in wool and sheep should be led by expansion in processed wool 
and fabrics, meat products, and clothing.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates that production of both wool and sheep meats 
doubles by 2050, driven by a new affl uent vision for wool fabrics, and a worldwide demand for sheep meats from both 
affl uent (lamb) and basic (mutton) markets.

Innovation and Technical Opportunities

Wool has lost many opportunities for innovative uses over the last fi ve decades. It is currently hampered by a highly 
fragmented production chain and diffi culty in delivering container sized lots of agreed specifi cation on demand. 
Simplifying the production chain may help craft its future.
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Sector 1210020: Barley (Ba)
Unmilled barley

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is over two times 
the average, water use is over seven times the average, and land disturbance is over ten times the average. The social 
indicators reveal that employment generation is 60% above average, income is 40% below average, and government 
revenue is 70% below average. The fi nancial indicators show that the operating surplus is 60% above average, export 
propensity is three times the average, and import penetration is 40% below average. The sector faces a reasonably 
optimistic future if its malting barley products can consistently meet the stringent requirements for individual beer 
varieties at home and abroad. The analysis highlights land, water and greenhouse issues in the production systems, 
which are mostly direct effects and so open to sector management.

Sector Description

Barley production averages around six million tonnes per year, from three million hectares of planted land, at a yield of 
about two tonnes per hectare. Two million tonnes are consumed domestically for animal feed and food (including malt 
for beer) and four million tonnes are exported, of which 500 000 tonnes are in a pre-processed malt form for brewers in 
Japan, the Philippines, Korea and China. South Australia and Victoria together account for about two thirds of national 
production. Exports are composed of feed barley (50%), malting barley (30%) and processed malt (20%). In constant 
dollar terms, the turnover of the barley growing sector is at the same level as it was 30 years ago, although year to 
year fl uctuations due to climatic variation have been high. Financial turnover is about $1 billion per annum.

Place of Industry in the Economy

The barley growing sector ranks 120th out of 135 in terms of value adding in the economy and contributes 0.06% of GDP 
in this analysis. It is similar in value adding to railway equipment manufacturing, and silver and zinc ore mining. It has 
small employment generation with 3 000 employment years directly embodied in fi nal demand, and a further 
1 000 years in the sector’s suppliers, giving a total of 4 000 employment years. In addition, the sector supplies over 
5 000 employment years to the fi nal demand of downstream industries such as beer and malt, accommodation cafes and 
restaurants, animal foods, and meat products. The sector’s absolute resource requirements are small with less than one 
tenth of one percent of national energy use and greenhouse emissions, and three tenths and four tenths of one percent 
respectively of water use and land disturbance. In fi nancial terms, exports are ten times the level of imports.

Strategic Overview

The spider diagram portrays above average fi nancial indicators, mixed social indicators, and three outliers for the 
environmental indicators of land disturbance, water use and greenhouse emissions. A major issue for barley and other 
grain crops is the moderate yield of about two tonnes per ha, versus a potential yield of more than six tonnes per ha. 
The solution is not as simple as increasing nitrogen fertiliser which, if incorrectly applied, will increase greenhouse 
emissions through release of nitrous oxides. Downstream issues for barley growing and other cereals include 
yearly soil erosion rates of 2.7 tonnes per ha (or more than one tonne of soil lost per tonne of production), its part in 
fragmentation of landscapes and biodiversity loss (in the absence of tree plantings), and the challenges of dryland 
salinity, soil acidifi cation and soil compaction in agricultural landscapes.
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TBL Account #1

The fi nancial indicator of operating surplus is 40% greater than average, with a direct sector effect of 66% and 
contributions from wholesale trade (2%), forwarding and storage (1%), road transport (1%), and banking (1%). The 
social indicator of employment is 45% greater than average and two thirds of this is a direct sector effect with the 
remaining contributions similar to the surplus indicator. The environmental indicator of greenhouse emissions is two 
and a half times the average and composed of a direct effect of 78% with contributions from electricity production 
(1%), manufacture of basic chemicals (1%) and diesel refi ning (1%). Combustion of fuels from machinery use produce 
6% of total emissions and methane 4%. The majority (90%) are due to nitrous oxides from nitrogen volatilisation. 
Lowering nitrous oxide emissions will require a parsimonious and knowledge intensive approach to nitrogen fertiliser 
application. For malting barley with a protein goal of around 11%, nitrogen is best applied early in the season. For 
feed barley, nitrogen application is best later in the season, when soil moisture conditions are known. Inhibitors which 
restrict nitrogen volatilisation and allow a steady release in line with growth are being investigated in fi eld trials. 
Inhibitors can be applied directly to the soil or incorporated with the fertiliser.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is three times the average, income is 45% below average, 
and water use is nearly seven times the average. The third TBL account shows that import penetration is 50% below 
average, government revenue is 50% below average, and land disturbance is more than ten times the average.

Structural Path Analysis and Linkages

The structural path analyses for the water use and land disturbance indicators reveal that the direct sector effect is 
82% for water and 87% for land disturbance, refl ecting the large proportion of raw barley that reaches fi nal demand. 
Like other agricultural commodities, barley does not generate substantial value adding until it enters the processing 
streams of malting for beer and malt, or prepared animal feed for pigs and feedlot cattle. The physical requirements in 
land and water are thus divided by a smaller fi nal demand (lower dollar returns). Increased prices for basic grains or 
improved yields could help improve these indicators, although the economic laws of supply and demand exert strong 
constraints on these linked parameters.

The sector’s stimulus to its upstream suppliers is average and impacts on wholesale trade, road transport, accounting 
and marketing and property services. The linkages to downstream sectors are 60% stronger than average and 
suggest that sector expansion must be led by expansion of sectors such as beer and malt, accommodation cafes and 
restaurants, animal foods, and meat products.

Future Trends in Sector

While the base case scenario of the Future Dilemmas study viewed barley as part of a grouped grains commodity, 
industry anticipates that barley production could grow by 60% to nearly 10 million tonnes per annum by 2050. This 
future will be driven by improved grain varieties, and better management of fertilisers and soil water, rather than 
increased planting areas in Southern Australia.

Innovation and Technical Opportunities

A tension exists between the specifi c production requirements for malting barley and the volume orientated production 
systems for barley used in animal feeding. With the expectation that the Asian brewing market will be buoyant for the 
next fi ve decades, varieties are being purpose bred for diastatic power (enzymes to convert grain starch to fermentable 
sugars), protein levels and grain size. Malting requirements are highly specifi c and vary markedly for domestic and 
overseas beers. 
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Sector 1210040: Rice (Ri)
Rice in the husk

Short Summary

Rice growing is the primary sector which delivers paddy rice to the milling sector from which dietary rice and export 
products are obtained. The water intensity of production is over 200 times the average or 8400 litres per dollar of fi nal 
consumption. The greenhouse intensity is over four times the average and due to methane production as well as fossil 
energy use. Land disturbance is 40% above average. Employment generation is 50% above average and most of this 
is located in regional areas. However income and government revenue are respectively 45% and 50% below average. 
For the fi nancial indicators, operating surplus is 40% above average while export propensity and import penetration 
are 60% and 50% below average respectively. Rice in the husk or paddy rice is exported after processing in the milling 
sector and thus the export indicator is less relevant here. The sector shows strong downstream linkages to the sectors 
of milling, bakery products, wine and spirits, and accommodation and cafes. Increases in consumer demand provide 
an average upstream stimulus to suppliers including wholesale trade, road and railway freight, banking, property 
services and marketing. Increasing consumer prices to refl ect the water and greenhouse emissions embodied per unit 
of product may be benefi cial in environmental terms. However there could be complex interactions as domestic price 
increases may decrease exports and increase imports, and then impact on regional viability.

Sector Description

Around 150 000 hectares are sown to rice each year producing 1.3 million tonnes at a yield of 8-9 tonnes per hectare 
and a total crop value of $800 million. The rice industry is located around the Murrumbidgee and Murray Rivers in 
south eastern Australia and has been under development since the 1920s. About 2 500 farms produce rice and in any 
one year, only one third of the ‘rice area’ is planted, allowing a crop rotation system that breaks disease cycles and 
helps improve soil health. While Australian production is a small proportion of the total global production of 600 million 
tonnes per year, the industry exports 85% of production as branded and value added product. This represents 4% of 
world trade giving $500 million in trade receipts. Technological advances in the last decade have reduced water use by 
30% per hectare and increased yield by 60% per megalitre (106 L) of irrigation water used.

Place of Industry in the Economy

The rice growing sector is a small part of the value adding part of the economy, ranking 132nd out of 135 and 
contributing 0.02% of GDP in this analysis. Because it requires processing in the fl our and rice milling sector before 
it effectively becomes part of fi nal demand, many of the embodied effects are shown in downstream products and 
services, rather than in this primary sector. It contributes 3 000 employment years to downstream sectors such as 
cereal foods and bakery products.

Strategic Overview

The integrated overview in the spider diagram shows major outliers for two social, and three environmental indicators. 
The issues highlighted are due to both production technologies and the relatively low farm gate product prices paid 
per unit of environmental input. Farm gate prices may need to increase by three to fi ve times before technological 
mechanisms for reducing the greenhouse indicator are within reach. More advanced national water accounts which 
separate the water extracted and transpired from percolation back to stream fl ow could possibly improve the water 
intensity indicator. 



15 Rice (Ri) - Balancing Act Volume 2

TBL Account #1

The fi nancial surplus is 40% above the economy wide average with two thirds of this a direct effect, and with smaller 
contributions from wholesale trade (2%) and road transport, storage, banking and machinery repairs (1% each). 
Employment generation is 50% above average with a composition similar to the fi nancial surplus, emphasising the 
importance of the sector to this part of regional Australia. The greenhouse gas indicator is over four times the average 
with most of this being a direct within paddock effect.

TBL Accounts #2 and #3

The second TBL account shows an income indicator that is 45% below average and only one quarter of this reduced 
value is directly from the rice sector. The water indicator is the largest in this analysis at over 200 times the economy 
wide average, most of which is a direct within paddock effect of managed irrigation water. The export indicator is less 
relevant since exports are delivered from the milling sector. The third TBL account shows an import penetration 50% 
below average, government revenue 50% below average and land disturbance 40% above average.

Structural Path Analysis and Linkages

The structural chain for greenhouse emission shows that 82% of the total is a direct within paddock effect due mostly 
to methane production (in soils under water) with one tenth due to fuel combustion. Electricity production, fertiliser 
manufacture and diesel refi ning are minor parts of the greenhouse chain. 

The downstream linkages are twice the average highlighting milling, accommodation and bakery products. Increased 
consumer demand give upstream suppliers a below average stimulus.

Future Trends in Sector

Both the CSIRO studies, Future Dilemmas and Decision Points, anticipate growth in rice production of 30-50% 
over the next 50 years driven by superior trade performance in affl uent export markets, as well as focused industry 
expansion, management improvement and cultivar development. Both water and environmental issues may constrain 
industry activities over the next two decades if the public perception of Australia’s water ‘crisis’ deepens. Consumer 
advice or product labelling initiatives that report the environmental resources and social returns embodied per physical 
unit of product may be part of the process required to engage Australian consumers in paying the whole-system 
production costs of all types of food and fi bre consumption.

Innovation and Technical Opportunities

The most pressing issues for innovation are the water and greenhouse gas accounts. The interplay between choosing 
rice soils that have low groundwater recharge (soil surveys, electromagnetic surveying, assessment of soil sodicity) 
and crop rotation systems that keep the lower profi le full, form an agronomic approach to constraining water use. 
Breeding perennial deep rooted rice cultivars is considered feasible if pursued vigorously at a global scale and may 
yield results in two to three decades. Dryland rice systems are available but may not meet the quality and productivity 
requirements of the Australian industry. However with development, they may offer a double return by decreasing 
water use, and methane production which makes up 90% of the greenhouse indicator. There may be two further 
avenues to reduce methane emissions. Different rice cultivars vary in methane production. Some soils also differ in 
methane metabolism depending on position in the soil profi le and the periodicity of the wetting and drying cycle. A 
combination of new cultivars and altered management offers potential for managing methane production. It may also 
be possible to develop advantageous soil micro-organisms that neutralise the methane emitters.
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Sector 0102: Wheat and Other Grains (Wh)
Wheat, legumes for grain, oilseeds, oats and other grains excluding rice

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is equal to 
average, while water use and land disturbance are respectively fi ve times and eight times the average. By defi nition, 
this sector is a large user of land and could never equal the economy wide average. Nevertheless there is room for 
improvement particularly in balancing crop production with area sown, management applied and nutrient inputs. Leading 
edge management may allow a doubling of per hectare yields and a consequent halving of total area sown. The social 
indicators show that employment is 30% above average, much of it regional, while income and government revenue 
are 50% and 40% below average respectively. The fi nancial indicators show an operating surplus 30% above average, 
export propensity over three times the average and import penetration 55% below average. The sector is expected to 
maintain its current grain production levels despite widespread landscape problems. Yet there remains a pressing need 
for a landuse revolution in Australia’s farming lands that could potentially be initiated by the grains sector.

Sector Description

This sector produces approximately 34 million tonnes of grain per year (34 megatonnes or Mt) comprising wheat (22 Mt), 
oats and grain sorghum (4.5 Mt), oil seeds such as canola (3 Mt), pulses (2.4 Mt) and cottonseed (1 Mt). By way 
of comparison, France produces 36 Mt of wheat annually and Canada 25 Mt. The farm gate value is approximately 
$9 billion of which wheat makes up $6 billion. In world terms, Australia is a relatively small grain producer with 
approximately 3% of annual world production. However Australia accounts for at least 10-15% of world grain trade 
behind the United States, Canada and the European Union. The sector uses approximately 18 million ha of cropland. 
Australians consume about 96 kg of cereal products per capita each year. 

Place of Industry in the Economy

The grains industry ranks 61st out of 135 in terms of value adding in the economy and contributes 0.28% of GDP in this 
analysis. By way of comparison, it is half the size of the beef cattle sector and about the same size as the dairy cattle 
and bakery products sectors. The sector has moderate employment generation with a direct requirement of 
18 000 employment years and another 8 000 years for the sector’s suppliers, giving a total of 26 000 employment 
years. In addition, it contributes 21 000 employment years to downstream industries such as fl our milling and animal 
feeds. The sector has moderate resource requirements with over one percent of national water use and over two 
percent of national land disturbance. It has less than three tenths of one percent of energy use and greenhouse 
emissions. In fi nancial terms, exports are ten times imports.

Strategic Overview

The integrated overview provided by the spider diagram shows a sector with strong fi nancial indicators. The social 
indicators show strong employment generation but weaker indicators for income and government revenue. The 
environmental indicators are average for energy use and greenhouse emissions, but fi ve to eight times the average 
for water use and land disturbance. The land disturbance indicator refl ects the physical reality of Australia’s variable 
climate and relatively poor soils (in a world context). The downstream impact of land use on regional biodiversity status 
is not shown in this analysis. The water indicator is due to a range of speciality wheats grown under irrigation and the 
fl ow through effect of reporting cottonseed production from irrigated cotton.
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TBL Account #1

The grains sector provides a relatively good fi rst TBL account. The fi nancial indicator of operating surplus is 30% 
above the economy wide average with two thirds due to direct effects of the industry. Other contributors include 
wholesale trade (2%), travel, road transport, banking and equipment repairs (1% each). The social indicator of 
employment is 30% greater than average of which two thirds is a direct effect. The environmental indicator of 
greenhouse emissions is equal to the economy wide average. About two thirds of emissions are direct, with electricity 
generation (2%), energy used in manufacturing nitrogen fertilisers (2%), diesel refi ning (1%), cotton ginning (1%), 
mixed fertilisers (1%), wholesale trade (1%), and road transport (1%) also contributing. This account has particular 
regional signifi cance since most of the employment and profi ts are located in grain growing areas and do not dissipate 
to city activities and fi rms. 

TBL Accounts #2 and #3

The second TBL account shows an export propensity more than three times the average, income 50% below average 
and water use fi ve times the average. The third TBL account shows an import propensity 55% below the average, 
government revenue 40% below average and land disturbance over eight times the average. The biodiversity 
implications of arable farming are not analysed.

Structural Path Analysis and Linkages

The below average income indicator (only one third of which is directly attributable) shows a broadly based structural 
chain. Given the sector’s above average operating surplus, it may be possible to improve the income indicator by 
fi nancial transfers within the sector. Other contributors to the income indicator include wholesale trade (8%), road 
freight and banking (3% each) and rail freight, accounting, cotton ginning and freight forwarding (2% each). Many of 
these sectors are strongly competitive with costs are cut to the margin, so a higher fi nancial contribution to labour 
through the supply chain may not be feasible. The structural path for water shows that 80% is used directly and 5% 
is a fl ow through effect from the cotton crop to the cottonseed by-product. The remaining 15% of water use is spread 
across a large number of minor contributors.

Activity within the sector produces average stimuli for the associated upstream and downstream sectors. Increased 
investment in the sector means that the downstream sectors of fl our and cereal foods, animal feed, accommodation 
and cafes, and meat and meat products must expand to dissipate increased production. Increases in consumer 
demand give an average upstream stimulus to wholesale trade and road transport.

Future Trends in Sector

The CSIRO Future Dilemmas study anticipates that current grain production levels will be maintained despite the loss 
of arable land due to dryland salinity and associated landscape problems. One scenario in the CSIRO Decision Points 
study anticipates growth in grain production to 50 million tonnes in 2050, based on high (rainfed) water use effi ciency 
and advanced plant varieties.

Innovation and Technical Opportunities

The environmental challenges faced by broadscale agriculture in Australia include soil toxifi cation (dryland salinity 
and acidifi cation), climate change and biodiversity decline. Blocks and corridors of native vegetation are being re-
established, but coverage of 30-40% of the farming landscape will require several decades of aggressive effort. 
Technological complements to re-establishing biodiversity cover include perennial wheat varieties and new strains 
of nitrogen fi xing bacteria that can directly transfer nitrogen to wheat plants’ roots thereby lessening dependence on 
chemical nitrogen. Laboratory progress is well advanced but commercial applications may be 20 years away.
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Sector 0103: Beef (Bc)
Beef cattle and calves (before meat products)

Short Summary

The environmental indicators per dollar of fi nal demand show greenhouse emissions are 26 times the economy wide 
average, water use 18 times, and land disturbance 58 times the average. The social indicators shows that employment 
generation is 50% above average while income and government revenue are 40% and 50% below average 
respectively. The fi nancial indicator of surplus is 55% above average while export propensity and import penetration 
are 30% and 50% below average respectively. Over the next 50 years Australian beef production may double and this 
could further infl ate environmental indicators. The combination of western diets, intensive production systems and 
globalised trade give strong demand for beef products, but market prices do not refl ect the full environmental costs of 
production. The sector is critically important to many regional areas and national export income. There are regional 
opportunities to design and market beef production systems with lower environmental indicators. 

Sector Description

The beef sector includes on farm production and domestic and international trade in live cattle. Meat products after 
slaughtering are shown in the meat products sector. Australia has approximately 28 million beef cattle, 8-9 million (30%) 
of which are slaughtered every year. Queensland is the premier beef state with 40% of the national herd. The farm 
gate value of production is $7 billion and exports are valued at $5 billion of which 8% is live cattle exports and the rest 
meat. Volumetric production is 2 million tonnes annually of which one third is consumed domestically and the remainder 
exported. Australia has 2% of the world’s herd but over 20% by volume of world trade. Finishing in feedlot systems is 
underpinned by 800 000 ha of agricultural land producing the 1.5 million tonnes of grain and 815 000 tonnes of roughage 
consumed annually. Australians consume 113 kg of animal protein per capita per year including 35 kg beef.

Place of Industry in the Economy

The beef sector ranks 38th out of 135 sectors in terms of value adding and contributes 0.57% of GDP in this analysis. 
By way of comparison it is 25% larger than the wool and sheep meat sector and 10% smaller than the vegetable and 
fruit growing sector. The sector is a moderate employment generator with direct requirements of 10 000 employment 
years with a further 4 000 years in the sector’s suppliers giving a total of 14 000 employment years. In addition, the 
sector contributes 62 000 employment years to downstream sectors principally the meat products sector from which 
the sector’s products are delivered to fi nal demand. The beef sector is responsible for 2% of water use, nearly 4% of 
greenhouse emissions and 8% of national land disturbance.

Strategic Overview

The integrated view provided in the spider diagram shows strong fi nancial indicators. Social indicators are mixed, 
with above average employment generation but below average income and government revenue. The environmental 
indicators are typical of most food production sectors with the indicators of greenhouse emissions, water use and 
land disturbance well above average. The land disturbance account for pastoral industries is large in gross area 
and although grazing is rated as having only a small to moderate impact, the product of this is still signifi cant. The 
water indicator refl ects the poor conversion pathway of water to pasture to meat to fi nancial returns. The greenhouse 
emissions indicator mainly refl ects CO

2
 from burnt and decaying woody vegetation.
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TBL Account #1

The fi nancial indicator of gross operating surplus is 55% above the economy wide average, with three quarters a direct 
effect of the sector, with contributions from fodder production (3%) and the road transport, services to agriculture, 
machinery maintenance and communications sectors (1% each). The social indicator of employment generation is 
50% above average and two thirds of this a direct effect. The greenhouse emissions indicator is 26 times the average, 
most of which is direct due to land development activities (67%) and methane emissions (30%). The greenhouse 
indicator is strongly affected by international greenhouse accounting conventions (which allocate emissions to the 
country of production rather than the country of consumption) as 70% of production is exported. Curtailing land 
development and clearing could reduce the emissions indicator. 

TBL Accounts #2 and #3

The second TBL account shows income is 40% below average while water use is 17 times the average. Exports are 
mostly delivered through the meat processing sector making the export propensity indicator less relevant here. The 
third TBL account shows import penetration 50% below average, government revenue 50% below average and land 
disturbance 58 times the average.

Structural Path Analysis and Linkages

The structural path analysis shows that the environmental indicators are dominated by the direct within-sector effects 
which account for 96%, 93% and 99% of greenhouse emissions, water use and land disturbance respectively. 
Improvements must therefore be sought directly within the sector.

Investment in beef cattle requires a moderately strong expansion of exports as well as domestic downstream sectors 
such as meat products, retail trade and accommodation and cafes to dissipate the extra production. Increases in 
consumer demand give a weaker than average upstream stimulus to sectors such as hay making, wholesale trade, 
road transport and accounting.

Future Trends in Sector

The CSIRO Future Dilemmas study anticipates the beef cattle herd may expand to 50 million cattle, and meat 
production to 4 million tonnes per year by the year 2050. This is in response to an expanding demand for meat in 
Asian countries as population and per capita income grows. The feasibility of this depends on the dynamics and nature 
of changes in Australian land use. Substantial investment into forage supply systems and feedlots would be required 
to buffer the inherent climate variability which is anticipated to increase with global change. The intensifi cation process 
suggested here may restrict opportunities to improve the environmental indicators. If consumer awareness of and 
responsiveness to embodied environmental impacts increased, then production locations, fi nancial viability, consumer 
prices and per capita consumption could change.

Innovation and Technical Opportunities

Given the size of the environmental indicators relative to economy wide averages (currently 20-60 times) substantial 
improvements may require revolutionary technical advances as well as substantial increases in consumer prices. 
Beef could become a boutique dietary item attracting high prices and sourced from environmentally certifi ed farming 
systems (with TBL indicators closer to 5-10 times the economy wide average). In purely ecological terms it seems 
logical to maintain beef production systems mostly on grass and take advantage of ruminant’s ability to process rough 
forage in the absence of alternative land uses. In purely energetic terms, fi nishing cattle with grain concentrates in 
feedlots may require further examination. There are obvious life cycle advantages in using agricultural and industrial 
by-products in value adding feedlots rather than sending them to landfi ll.
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Sector 0104: Dairy Cattle and Milk (Dc)
Dairy cattle and untreated whole milk

Short Summary

The environmental indicators per dollar of fi nal consumption for the dairy cattle sector show land disturbance almost 
three times the average, greenhouse emissions four times the average and water use 35 times the average. The 
social indicators show employment generation is 35% above average while income is 40% below average and 
government revenue is 45% below average. The fi nancial indicators show operating surplus is 45% above average, 
export propensity is 25% below average and import penetration is 40% below average. The indicators show 
reasonable fi nancial outcomes, moderate social outcomes and below average environmental outcomes. Improving 
the environmental indicators could be attacked through the numerator (the gross fl ows of water etc.) or through the 
denominator (the prices paid). If farm gate prices are reduced by dairy industry deregulation, then denominator effects 
may offset any numerator improvements.

Sector Description

The dairy cattle sector produces nearly 11 billion litres of whole milk each year from 2.3 million cows on 12 000 farms 
with a farm gate value of $3 billion. Manufactured dairy products are reported in the Dp sector. Over 60% of the cows 
are located in Victoria and a typical farm has 150 cows producing 750 000 litres per year, although herds of 600 cows 
producing over 5 million litres per year are becoming more common. The industry has seen considerable change since 
1950 when there were 82 000 farms with an average of 18 cows per farm producing 1 700 litres per cow. Today cows 
produce 4 500 litres per year on average and will produce 6 000 litres per cow by 2010. Some European dairy systems 
produce 8-10 000 litres per cow. Australians consume 100 litres of whole milk per year (19% of production) with the 
rest for manufacture for domestic use and exports. 

Place of Industry in the Economy

The dairy cattle industry ranks 64th out of 135 in terms of value adding and contributes 0.25% of GDP in this 
analysis. By way of fi nancial comparison, the beef cattle sector is twice the size and the dairy products sector (the 
manufacturing side) is the same size. The sector is a small employer with less that 3 000 employment years in direct 
and indirect requirements. However 31 000 employment years are passed on to downstream sectors, mainly the 
dairy products sector. The sector is responsible for one percent of national water use, about one tenth of one percent 
of greenhouse emissions and less than one tenth of one percent of national energy use and land disturbance. In a 
downstream sense, the overall diary industry is responsible for nearly 17% of national water use.

Strategic Overview

The strategic overview in the spider diagram shows a sector with outlying indicators in social and environmental areas. 
Upstream issues for the sector relate particularly to the water and greenhouse intensity of milk production systems and 
the degree to which irrigated pasture systems are threatened by irrigation salinity in some areas. Downstream issues 
include perceived dietary and health issues relating to the consumption of milk products (positive and negative), as 
well as effl uent and pollution issues from intensive dairy systems. Higher than average employment multipliers are 
important for regional areas but the lower than average income multiplier may suggest an equity issue. Signifi cantly 
higher than average environmental multipliers and lower than average government revenues suggest that direct 
environmental taxation such as best practice water pricing, based on user pays and full cost recovery principles, may 
warrant investigation.
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TBL Account #1

The fi nancial indicator of gross operating surplus is 45% above the economy wide average with two thirds of 
this being a direct effect. Other sectors contributing to the surplus include animal feeds (3%), hay making (2%), 
machinery repairs (2%), electricity generation (1%), water distribution (1%), wholesale trade (1%) and wheat (1%). 
The employment generation indicator is 35% above average with two thirds of the effect from within the sector. The 
greenhouse emissions indicator is over four times the economy wide average with four fi fths of that a direct effect. 
Much of the greenhouse effect is due to gases such as methane and nitrous oxides rather than carbon dioxide emitted 
from fuel combustion. These gases are metabolism products from feed eaten and excreted by dairy cows. 

TBL Accounts #2 and #3

In the second TBL account, exports are delivered through the dairy products sector so the export propensity indicator 
is less relevant in this case. The income indicator is 40% below average while the water indicator is 35 times the 
average. In the third TBL account, import penetration is 40% below average, government revenue is 45% below 
average and land disturbance is nearly three times the average. Thus the sector shows social and environmental 
indicators with room for improvement. If commodity prices fall, for example due to dairy deregulation policies or market 
competition, these indicators could be diffi cult to improve.

Structural Path Analysis and Linkages

A structural path analysis for greenhouse emissions shows that 78% of emissions are direct and include methane and 
nitrous oxides as well as carbon dioxide. Minor contributions are from electricity generation (4%), land development 
(3%), animal feeds (4%) and basic chemicals (1%). The water path also has a high direct component (95%) with 
contributions from cottonseed, molasses and hay (1% each). The land disturbance indicator has a high direct 
component (83%) and contributions from wholesale trade (6%), beef cattle (3%) and barley growing (1%). Investment 
into the dairy cattle sector provides reasonably strong downstream linkages to the dairy products sector and the 
accommodation and cafes sectors. Increases in consumer demand for dairy produce gives a slightly above average 
upstream stimulus to the supplying sectors such as animal feeds, wholesale trade, road transport and marketing.

Future Trends in Sector

The CSIRO Future Dilemmas study anticipates that whole milk production will double to 20 billion litres by 2035 on the 
basis of growing export demand, mostly from South East Asia. This is physically feasible provided that irrigated dairy 
systems halve the amount of irrigation water used in the production chain for each litre of milk (from approximately 
1 000 to 500 litres/litre) and where irrigation water is not available, that grain concentrate feeding systems are used.

Innovation and Technical Opportunities

Genetically engineered cows and milk face consumer, processing and animal breeding constraints. However genetic 
markers now facilitate ‘neutraceutical’ or ‘designer milks’ using traditional or natural breeding techniques, and this trend 
will continue. Methane and nitrous oxide emissions from milk production systems will become important. Methane 
has a global warming potential 21 times that of carbon dioxide and dairy cows produce around 150 kg of methane 
per annum. Feeding high quality forages can decrease methane emissions by 10-40%. Research may seek rumen 
micro-organisms that transfer hydrogen to a rumen by-product other than methane. Intensifi cation will mean more 
automation and microelectronics focusing on the individual cow as a unique biological factory unit. Milk systems may 
further diversify to include dairy sheep, goats and water buffalo.
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Sector 0105: Pigs (Pg)
Pig farming

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is more than 
three times the average, while water use is four times the average, and land disturbance is equal to average. The 
social indicators reveal that employment generation is 20% above average, income is 20% lower than average, 
and government revenue is 25% below average. The fi nancial indicators show that operating surplus is 10% above 
average, export propensity is 10% above average, and import penetration is 25% below average. Pig farming 
management will maintain its rapid technological pace and will need to balance the overall nutritional quality of the 
product with production chain issues of pig feed and effl uent disposal.

Sector Description

Yearly production of pig meat is currently around 407 000 tonnes which, with a feed conversion ratio of 4 kg of ration to 
one kg of liveweight, and a dressing percentage of 70%, suggests a yearly feed budget of about 2.3 million tonnes. At 
any one time, pig numbers are about 3 million, with 350 000 breeding sows generating 5.6 million slaughtered animals 
each year. A live pig of 100 kg gives a market carcass weight of about 70kg, and takes fi ve to six months to grow in 
commercial situations. Australians consume about 21 kg of pig meat per year, an almost threefold increase since 
the 1940s. About half of this is bacon and ham. Imports and exports are currently equal at 90 000 tonnes per year. 
Australia supplies nearly half of Singapore’s requirements for fresh pork and 300 to 400 tonnes is airfreighted weekly 
as ‘Air Pork’. Japan is also an important market. In constant dollar terms, the turnover of the sector has been relatively 
constant for the past 30 years, and in 2002 was about $900 million and involved nearly 1 000 enterprises.

Place of Industry in the Economy

The pig growing sector ranks 130th out of 135 sectors in terms of value adding in the economy, and contributes 0.04% 
of GDP in this analysis. It is similar in value adding to the prefabricated buildings, and aviation jet fuel sectors. It is a 
relatively small employer in direct and indirect terms. However, it contributes nearly 5 000 employment years to the 
fi nal demand of downstream industries such as meat products (where pigs are turned into pork, ham and bacon), retail 
trade, and accommodation cafes and restaurants. It has small absolute resource requirements with less than one tenth 
of one percent of national land disturbance, water use, energy use and greenhouse emissions. 

Strategic Overview

The spider diagram reveals a reasonable TBL account for pig growing with two obvious outliers for the environmental 
indicators of greenhouse emissions and water use. Downstream issues with intensive pig production include odours 
and effl uent. In more densely populated areas, odours can cause offence and are best solved by high levels of 
cleanliness and regular fl ushing into well managed effl uent ponds. While poor management of effl uent ponds can 
lead to increased methane emissions, better management allows energy production from biogas digesters. Effl uent 
requires careful management to prevent leakage to waterways or overland fl ow. Effl uent can be used as a biological 
fertiliser but needs careful management to limit nitrate leaching into groundwater, or high levels of nitrifi cation and 
further greenhouse emissions. Traditional management allowing pigs to range in pasture can lead to over-foraging and 
soil disturbance. Contaminated food (swill feeding) can catalyse precursor conditions for the promotion and spread of 
dangerous pig diseases.



35 Pigs (Pg) - Balancing Act Volume 2

TBL Account #1

The fi nancial indicator of operating surplus is 10% above average with a direct effect of 35% and contributions from 
animal foods (4%), dairy cows (3%), vegetable and fruit growing (3%), fl our mill products 3%), dairy products (3%) and 
wholesale trade (2%). The social indicator of employment generation is 20% above average with a direct effect of 47% 
and a composition similar to the surplus indicator. The environmental indicator of greenhouse emissions is more than 
three times the average, and is discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is 10% above average, income is 20% below average, and 
water use is more than four times the average. The third TBL account shows that import penetration is 25% below 
average, government revenue is 25% below average and land disturbance is equal to average.

Structural Path Analysis and Linkages

The indicators of water use and greenhouse emissions are well above average. Examining the structural path for water 
use shows that the direct sector effect is less than one percent. The main contributions to water use are the production 
chains of feed ration components such as ‘dairy cows-dairy products-pigs’ (33%), ‘rice growing-fl our mill products-pigs’ 
(18%), vegetable and fruit growing (9%), ‘sugar cane-animal feeds-pigs’ (8%), ‘seed cotton-cotton ginning-pigs’ (3%), 
wheat growing (3%), and barley growing (1%). The greenhouse chain is dominated by methane emissions (70%) 
with minor contributions from dairy cows (4%), animal feeds (4%), electricity production (3%), and beef cattle (1%). 
Improving the water indicator may be diffi cult as pigs utilise by-products rather than primary products. These include 
dairy (whey), cotton (cottonseed), sugar (molasses), rice (bran and pollard), and fruit growing (fruit pulp). Changing a 
feed purchasing policy, apart from avoiding contaminants, may deny a disposal option. The greenhouse indicator could 
be improved by converting pig manure effl uent into biogas for heating and power. 

The sector’s stimulus to its upstream suppliers is 60% greater than average and impacts on sectors such as wholesale 
trade, animal feeds, dairy products, fl ourmill and cereal products, and road transport. The linkages to downstream 
industries are 35% above average and suggest that any sector expansion must be led by expansion in sectors such as 
meat products, retail trade, and accommodation cafes and restaurants.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates pig meat production increases of 50% by the year 
2050, driven by population growth, inbound international tourism and some exports. Uncertainties include the potential 
effect of world trade issues, such as the effect of large scale production in North America on Australian profi tability, 
more humane rearing standards in the European Union, and the possible spread of swine disease with greater 
international trade.

Innovation and Technical Opportunities

The science literature notes four areas of active innovation. With the mapping of the pig genome, geneticists are using 
marker assisted selection to rapidly advance disease resistance, meat leanness and feed conversion. Organic and/or 
humane production systems are receiving considerable attention in Europe and this may see the development of a 
boutique pork market and a downgrading of the bulk consumer product. It may be possible to batch-produce different 
meat compositions from the same herd with combinations of feeding and management. Finally branding of the product 
may be driven by bio-ethical and philosophical considerations, as much as by its production economics.
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Sector 0106: Poultry and Eggs (Pe)
Poultry for slaughtering, eggs, egg laying hens

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions and water use 
are two times the average, while land disturbance is three times the average. The social indicator of employment 
generation is 10% above average, while income and government revenue are 20% and 30% below average 
respectively. The fi nancial indicators of operating surplus and export propensity are both 20% above average, while 
import penetration is 40% below average. Downstream issues include food safety, human health and the transition to 
novel ways of controlling important animal and food chain disease organisms.

Sector Description

Commercial egg production is around 220 million dozen per year with a backyard production of about 26 million 
dozen. Per capita consumption is about 150 per year, down from 250 per capita in the late 1940s. There are about 
14 million laying hens with a productive laying life of 12 to 15 months during which they consume 25 to 30 kg of ration, 
or 360 000 tonnes yearly. About 630 000 tonnes of chicken meat is produced each year from slaughtering about 
430 million chickens which take 50 days to grow to a live weight of 2.5 kg, and a processed weight of 1.7kg. The feed 
conversion ratio is about 1.9 kg of feed per kg of meat, suggesting a total feed consumption of 1.2 million tonnes per 
year for chicken meat. Meat consumption is currently 36 kg per capita, up from 4kg per capita in the 1940s. In constant 
dollar terms, total turnover for egg production has halved in the last 30 years, while turnover for meat production has 
doubled. Current turnover is about $300 million for eggs, and $1.2 billion for meat with each commodity involving 400 
to 500 enterprises.

Place of Industry in the Economy

The poultry and eggs sector ranks 106th out of 135 sectors in terms of value adding in the economy, and contributes 
0.09% of GDP in this analysis. It is similar in value adding to the seed cotton, and confectionery sectors. It is a small 
employer with 2 000 employment years directly embodied in fi nal demand, and another 2 000 years in the sectors 
suppliers giving a total of 4 000 employment years. In addition it contributes nearly 7 000 employment years to the fi nal 
demand of downstream industries such as meat products, retail trade, and accommodation cafes and restaurants. It 
has small absolute resource requirements with less than two tenths of one percent of national land disturbance, water 
use, energy use and greenhouse emissions. Imports are approximately equal to exports. 

Strategic Overview

The spider diagram portrays three outliers for the environmental indicators of greenhouse emissions, water use, and 
land disturbance. These are indirect production chain effects due to the ingredients in intensive poultry rations, and 
particularly meat meal from the meat products sector. Downstream issues include animal welfare issues, a public 
licence to operate, and consumer acceptance of intensive animal production systems. The challenges of antibiotic 
resistance and transfer of Salmonella-type diseases to the human food chain are stimulating the use of more natural 
ration additives (bacteriocins, antimicrobial peptides, bacteriophages) and the use of genetic marker technology to 
select disease resistant animal lines with less fat in preferred body parts. The cholesterol challenge to some facets of 
human health has reduced egg consumption, but also stimulated egg products with higher concentrations of omega-3 
fatty acids. Some systems are ‘vegetarian’ being marketed as using vegetable protein instead of meat and fi sh protein.
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TBL Account #1

The fi nancial indicator of operating surplus is 20% above average and composed of a direct effect of (42%), with 
contributions from animal feeds (7%), beef cattle (4%), forwarding and storage (3%), liquefi ed petroleum gas (2%), 
business services (2%), electricity production (2%), wheat growing (1%) and sugar growing (1%). The social indicator 
of employment is 10% above average, with a composition similar to the surplus indicator. The environmental indicator 
of greenhouse emissions is two times the average with a direct sector effect of 20%, and contributions from meat 
meal in poultry rations from beef cattle and sheep (44%: land clearing and methane), prepared animal feeds (8%), 
electricity production (7%), and refi ning of liquefi ed petroleum gas (1%). 

TBL Accounts #2 and #3

The second TBL account shows an export propensity 25% above average, income 20% below average, and water 
use over two times the average. The third TBL account shows an import penetration 40% below average, government 
revenue 30% below average, and land disturbance over three times the national average.

Structural Path Analysis and Linkages

The structural path analysis of water use shows that direct sector use is minor and that it is composed of the water 
use echoes from the components of poultry rations. These include production chains such as ‘beef cattle-meat 
products-poultry and eggs’ (28%), ‘sugar cane-animal feeds-poultry and eggs’ (25%), ‘seed cotton-cotton ginning-
poultry and eggs’ (7%), water delivery sector (4%), ‘vegetable and fruit growing-animal feeds-poultry and eggs’ 
(2%), barley growing (2%) and wheat growing (1%). The land disturbance indicator is dominated by the beef cattle 
chain which contributes meat meal to poultry rations (71%), sheep farming (meat meal also) (8%), wheat growing 
(7%) and barley growing (2%). It may be possible to improve the water use and land disturbance indicators through 
procurement decisions for poultry rations. However substitution may produce a number of production chain shocks 
particularly in fi nding alternative uses for meat meal. It may also simply increase the demand for fi sh meal. Another 
approach might be to increase consumer prices through the introduction of water pricing based on user pays and full 
cost recovery principles. Returns could be hypothecated to address any resultant social inequities and fund improved 
management in the upstream sectors responsible for water use and land disturbance.

The sector’s stimulus to its upstream suppliers is 45% greater than average, and impacts on sectors such as ‘other 
foods and animal foods’, meat products, wholesale trade, accounting and marketing, and road transport. The linkages 
to downstream industries are slightly above average and suggest that any expansion in the sector must be preceded 
by expansion of sectors such as meat products (slaughtering), accommodation cafes and restaurants, and retail 
trade. The meat products sector occupies a pivotal position: it is the processing node for poultry meat and also 
processes animal protein concentrates such as meat and bone meal from slaughtering by-products, which in turn are 
essential inputs for the feed rations of egg and meat producing poultry fl ocks.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates an increase of domestic requirement for poultry 
meat of 40%, and a doubling of production, with the surplus for export. Increases in global trade volume and access 
may disadvantage the Australian poultry meat sector.

Innovation and Technical Opportunities

Approaches to the bulk production of poultry and eggs will probably mimic current methods but with revolutionary 
approaches to ensuring animal health, and the replacement of animal protein with legume derived vegetable protein. 
The ‘natural and organic’ production market may increase. 
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Sector 1610010: Sugar Cane (Su)
Sugar cane for planting and crushing

Short Summary

Sugar cane is the primary growing sector that delivers sugar cane to sugar refi ning and subsequent processing 
industries. The environmental indicators show that greenhouse emissions are 25% above average while land 
disturbance is 25% below average. Issues such as biodiversity and acid sulphate soils are outside this analysis. Water 
use is thirty times the national average, at 1 250 litres per dollar of fi nal consumption. The social indicators provide 
a mixed story, with employment generation 20% above average, while income and government revenue are 25% 
and 35% below average respectively. Regional employment generated by the sector is an important consideration 
in judging the sector’s social performance. The fi nancial indicators are subject to considerable yearly variation. They 
show that operating surplus is 20% above average, while export propensity and import penetration are 55% and 25% 
below average respectively. Exports are delivered through the refi nery sector so the export indicator is less relevant 
here. The sector shows strong downstream linkages to sugar refi ning and fruit and vegetable products. Increased 
consumer demand for the sector shows below average upstream linkages to services to agriculture, wholesale 
trade and accommodation and cafes. This analysis suggests that the current farmgate price of sugar cane does not 
adequately represent the full environmental services embodied in each unit of production, particularly in the case of 
water. The gradual introduction of full cost recovery pricing for water will eventually increase the consumer price of 
sugar, and all of its downstream products.

Sector Description

Over the last fi ve years between 400 000 and 430 000 ha of sugar cane was harvested annually from total sugar cane 
land of 530 000 ha, giving 32 to 42 million tonnes of cane for crushing, and raw sugar production of 4.6-5.6 million 
tonnes. Around 3-4 million tonnes of sugar is exported each year as part of world trade fl ows of 60 million tonnes, and 
total world production of 140 million tonnes from both sugar beet and sugar cane. The total value of the sugar industry 
in basic prices is around $1.5 billion each year, of which $1 billion is the value of the cut sugarcane. There are 28 sugar 
mills located mostly in Queensland and in addition to sugar, they produce electricity (from bagasse), ethanol, and stock 
feed supplements such as molasses. The sector is important regionally.

Place of Industry in the Economy

The industry is a small one in terms of value adding within the economy ranking 92nd out of 135 sectors and 
contributing 0.13% of GDP. The industry as a whole provides 14 000 employment years, uses 6% of managed water 
resources, 0.1% of energy and greenhouse gas emissions and is responsible for 0.14% of national land disturbance. 
The full fl ow-on effects are restricted in this analysis since the sugar cane is delivered to fi nal demand through the 
refi nery sector.

Strategic Overview

The integrated overview in the spider diagram shows a reasonably balanced TBL account with a major outlier for 
water use. Employment generation is above average but income is below average suggesting issues of equity. A 
below average government revenue indicator is shared with many sectors, but world prices periodically stimulate the 
requirement for industry assistance and restructuring. Immediate downstream issues relate to the effect of farming 
practice on stream and estuarine quality, and the resilience of the Great Barrier Reef. Broader societal effects relate to 
the part played by sugar in diet and lifestyle, leading to adverse impacts on population health.
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TBL Account #1

The fi nancial surplus is 20% above average with over two thirds of this direct with small contributions from services to 
agriculture (2%), wholesale trade, machinery repairs and banking (1% each). The employment indicator is 20% above 
average with two thirds of this a direct effect, refl ecting the importance of sugar growing for job creation in regional areas 
of northern Australia. The greenhouse emissions indicator is 25% above the average with one third a direct effect of fuel 
combustion in the paddock, another third due to land development and smaller contributions from electricity generation 
(6%), nitrogen fertiliser manufacture (3%), diesel refi ning (2%) and mixed fertiliser manufacture (1%).

TBL Accounts #2 and #3

The second TBL account shows income that is 25% below average and water use that is thirty times the economy 
wide average per dollar of fi nal consumption, most of which is a direct, within paddock effect The export indicator 
is less relevant since exports are delivered through the refi ning sector where the export indicator is three times the 
average. The third TBL account shows import penetration 25% below average, while government revenue and land 
disturbance are respectively 35% and 25% below average. Outside the focus of this analysis, are local issues such as 
biodiversity, acid sulphate soils, estuarine water quality and impacts on the Great Barrier Reef.

Structural Path Analysis and Linkages

Given the positive outcome for fi nancial surplus and employment generation, there may be scope to improve the 
income indicator including the proportion that is returned to the sugar workforce. Examination of the structural paths 
reveals that while employment generation has a direct effect of 68%, the income indicator has a direct effect of 46%. 
This is because higher priced activities are outsourced such as services to agriculture, wholesale trade, and road 
transport which together make up an additional 10%, while banking, insurance and accounting make up another 5%.

Increases in consumer demand show average upstream linkages to suppliers such as services to agriculture, wholesale 
trade, and accommodation and cafes. The sector shows strong downstream linkages to sugar milling, fruit and vegetable 
products, and soft drinks.

Future Trends in Sector

A number of scenarios in the Future Dilemmas and Decision Points studies anticipate a doubling of sugar cane 
production by 2050 in response to range of possible market opportunities. These scenarios required a major 
expansion of agriculture in northern Australia. The current world market is dominated by the EU (where the sugar price 
is maintained at three times the world price), and Brazil (a large and effi cient producer). How these issues will play 
out over time is uncertain and a reduction in sugar area and production is also feasible. A trend to healthy lifestyles, 
low calorie foods, and a greater use of corn syrup could reduce the global requirement for sugar despite growth in 
population and affl uence. Increasing interest in sugar based ethanol production as a fuel additive and petrol substitute 
could increase production. Climate change may affect coastal Queensland. 

Innovation and Technical Opportunities

Adding more value to the sugar production chain through chemicals and fi ne foods is receiving considerable attention. 
Sucrose esters and microbial production of biodegradable plastics are especially promising. These could reduce 
dependence on petroleum feedstocks, but the farming fuel cycle loop will have to be closed before there is a net 
benefi t. Immediate farming sustainability challenges are receiving strong investment particularly in catchments fl owing 
to the Great Barrier Reef to help decrease environmental impact, particularly on near shore reefs and sea grass beds.
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Sector 1620010: Cotton (Sc)
Cotton containing cotton seed

Short Summary

The seed cotton sector provides environmental indicators per dollar of fi nal demand that are more than twice the 
economy wide average for greenhouse emissions, 39 times the average for water use and 20% less than average 
for land disturbance. The social indicators show employment that is 20% above average, income that is 25% below 
average, and government revenue that is 55% below average. The fi nancial indicators reveal an operating surplus 
that is 20% above average and an import penetration that is 25% below average. The export propensity indicator is 
55% below average. This is principally because cotton is exported through the ‘services to agriculture’ sector where 
seed cotton is ginned to separate the cotton lint (the export product) from the cottonseed. The sector shows strong 
downstream linkages due mainly to the by-product cottonseed meal which is used as a feed supplement for the beef 
and dairy industries. The industry is limited by water availability in southern Australia. Production may double over the 
next 50 years if prospects in northern Australia are developed. However this carries considerable environmental risks 
for ecosystem health in the northern river basins.

Sector Description

Cotton was fi rst grown on the Darling Downs in 1840. The sector currently produces between 700 000 and 750 000 
tonnes of cotton lint (the cotton boll minus the cotton seed) each year, grown on up to 550 000 ha by 1 500 family 
farmers in New South Wales and Queensland. Yields of more than 1.5 tonne per hectare are among the highest in the 
world, coming from a mix of irrigated (73%) and dryland (27%) farming systems. Yearly production is worth $1.5 billion 
at the farm gate. Australia captures about 10% of the volume of world trade with the USA (30%) being the dominant 
player. Seed cotton is processed into lint in the ‘services to agriculture’ sector and exported from that sector in national 
accounting terms. Little yarn is spun in Australia today because of the low cost processing offered by China, India and 
Indonesia.

Place of Industry in the Economy

The cotton growing industry ranks 105th out of 135 in terms of value adding and contributes 0.09% of GDP in this 
analysis. By way of comparison, it is one fi fth the size of the sheep and wool sector (which includes sheep grown 
for meat production) and about one third the size of the clothing sector where its transformed product is eventually 
located. It is a relatively small employer with a nominal 10 000 employment years but these are very important 
regionally, especially in western NSW and south western Queensland. The industry uses 1 300 GL (109L) of water or 
6% of national water use.

Strategic Overview

The integrated overview of the seed cotton sector shows the two environmental indicators of water use and 
greenhouse emissions as outliers, as well as the fi nancial indicator of export propensity and the social indicator of 
government revenue. The sector is similar to the beef and dairy cattle sectors in that exports are delivered through the 
processing sectors, making the export indicator less relevant. In upstream terms, the sector faces a number of public 
perceptions relating to water use, pesticide use, health of workers and the nature of intensive agriculture. The industry 
has implemented strong technological and management responses to most of these issues. Downstream issues 
include claims for irrigation water by other industries, subsequent effl uent and contamination effects, and the minimal 
value adding to the cotton crop within Australian industry. 
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TBL Account #1

The fi rst TBL account shows the fi nancial indicator of operating surplus is 20% above average, one half of which is 
direct. Other contributors to the surplus include services to agriculture (4%), wholesale trade, machinery repairs, road 
transport, diesel refi ning and banking (1% each). The social indicator of employment generation is 20% above average 
with a strong direct effect and other contributors similar to the operating surplus. The greenhouse emissions indicator 
is more than twice the economy wide average with two thirds of this a direct effect.

TBL Accounts #2 and #3

The second TBL account shows the income indicator is 25% below average and the water indicator is 39 times the 
economy wide average. The third TBL account shows import penetration is 25% below average, government revenue 
55% below average and land disturbance 20% below average. Overall improvements may be possible for the social 
and the water indicators, but improving water management may stimulate energy use.

Structural Path Analysis and Linkages

The structural path analysis for employment shows that 68% of the effect is direct followed by a brace of minor 
contributors such as services to agriculture (3%), wholesale trade (2%), road transport (2%) and rail transport, banking 
and marketing (1% each). The greenhouse path shows the direct effect is largest (62%) followed by land development 
(15%), electricity generation (3%), basic chemicals (2%), diesel refi ning (1%) and fertiliser manufacture (1%).

Downstream linkages for seed cotton are amongst the strongest shown in this analysis and point to the sector’s 
reliance on downstream sectors to disperse its primary product. The strongest linkage is to the ‘services to agriculture’ 
sector which contains the ginning industry where raw cotton is separated into cotton lint (40%) and cotton seed (60%). 
The cottonseed by-product then fl ows to the animal feeds sector and thence to the dairy, beef and related sectors. The 
other forward stimulus follows the obvious route from cotton lint to processed fi bres. Increases in consumer demand 
give an average upstream stimulus to the sector’s suppliers.

Future Trends in Sector

The base case scenario in the CSIRO Future Dilemmas study anticipates a possible doubling of cotton production 
over the next 50 years facilitated by development of irrigation potential in Northern Australia. However while land may 
be available, water is likely to be a constraining factor as suitable impoundment sites are scarce and fl ows are highly 
variable. There appears to be little scope for a major increase in irrigated land for cotton in southern Australia due to 
water limitations and environmental concerns. Industry sources note potential areas of 200 000 ha in northern Australia 
producing an additional 1.5 million bales (340 000 tonnes) of lint. Australia’s market advantage in quality, strength and 
length will continue to increase with strong whole of industry management and plant breeding for quality. Water reforms 
and increased water prices may affect cotton’s viability in some regions, particularly in southern Australia. Synthetics 
will continue to compete strongly with cotton, which currently has 28% of the world’s fabric markets.

Innovation and Technical Opportunities

A priority for the chain of cotton sectors (growing, processing, weaving, clothing) may be to increase the amount of 
domestically grown cotton processed into cloth and clothes in Australia. Currently most of the cotton crop is shipped 
to Asian processing countries, and spun yarn and fi nished clothes are imported. The potential of value adding is 
shown by a US study of regional cotton production where a pair of jeans containing $1 of cotton at the farm gate 
was transformed to $50 at the point of sale. Priorities for research include integrated pest management, water use 
effi ciency, cotton quality, reducing chemical inputs and managing environmental externalities.
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Sector 0107: Vegetable and Fruit Growing (Vf)
Vegetable and fruit growing, hay, plant nurseries, horse studs, fl owers, tobacco, hops, rubber 

and other agriculture

Short Summary

Against the metric of one dollar of fi nal demand the environmental indicator of greenhouse emissions is 40% above 
average, water use is more than eight times the average while land disturbance is 75% below average. The social 
indicator of employment generation is 20% above average, while income and government revenue indicators are 
25% and 30% below average respectively. The fi nancial indicators provide positive outcomes with operating surplus 
20% above average, export propensity equal to average and import penetration 25% below average. The interaction 
between the environmental indicators presents an interesting quandary. The focus on high quality and regular 
supply of fruit and vegetables increases energy use in the paddock or orchard, especially where constrained water 
supplies require effi cient and more complex water delivery systems such as micro-sprays, or where crops are grown 
in greenhouses or under shade cloth. Extending the seasonal availability of produce with imports from interstate and 
overseas also increases the energy content of the supply chain. As with most food production systems, there are 
tradeoffs between the essential place of fruit and vegetables in human diets, the energy and water content of the 
product and the farm gate price.

Sector Description

This sector produces approximately 3.5 million tonnes of fruit and 4.8 million tonnes of vegetables annually. Because 
of the sector’s diversity an integrated overview is diffi cult to obtain particularly for volumes of imports and exports of 
each item. For example, 1.8 million tonnes of grapes are grown, 88% of which go to wine making and the rest to table 
grapes and dried vine products. After a 50% conversion loss in wine making 385 000 tonnes of wine are consumed 
locally and 417 000 tonnes exported. For citrus, 570 000 tonnes are produced and one quarter is exported. Australians 
consume 95 kg of vegetables and 53 kg of fruit per capita each year.

Place of Industry in the Economy

The sector ranks 34th out of 135 in terms of value adding in the economy and contributes 0.64% of GDP in this 
analysis. By way of comparison, the sector’s value adding is seven times the size of the seed cotton industry, one 
quarter that of banking and one eighth the size of wholesale trade. It is a moderate sized employer with direct 
requirement of 34 000 employment years with an additional 15 000 years for the sector’s suppliers giving a total of 
49 000 employment years. In addition it contributes 35 000 employment years to downstream industries. The sector is 
responsible for fi ve percent of national water use, nearly one percent of national greenhouse emissions, and less than 
one percent of national energy use and greenhouse emissions.

Strategic Overview

The sector’s spider diagram shows a major outlying indicator for water use and minor spikes for greenhouse emissions 
and government revenue. This sector may provide a reasonable benchmark for water use in the primary food and 
fi bre producing sectors. The level of about 360 litres per dollar of fi nal demand is relatively low compared to other food 
producing sectors, with a physical equivalent of about 10 00 litres per kilogram of fruit or vegetables produced. The 
possibility of using this as a benchmark to underpin differential pricing mechanisms designed to cap water use or to 
allow market mechanisms to allocate water more effi ciently warrants more detailed consideration. 
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TBL Account #1

The fi nancial indicator of surplus is 20% greater than the economy wide average. Two thirds of this is a direct 
effect, followed by a long chain of small suppliers such as services to agriculture (2%) and wholesale trade, repairs 
to machinery, road transport and diesel refi ning (1% each). The social indicator of employment generation is 20% 
above average, with two thirds of that a direct effect and an employment chain similar to operating surplus. The 
environmental indicator of greenhouse emissions is 40% greater than average, two fi fths of which is a direct effect. 

TBL Accounts #2 and #3

The second TBL account shows export propensity is 10% above average, income is 25% below average while water 
use is over eight times the average. The third TBL account shows import penetration, government revenue and land 
disturbance are 25, 30% and 75% below average respectively. For most indicators, the direct effects represent at least 
one half of the total.

Structural Path Analysis and Linkages

The structural path for greenhouse emissions shows they are due to direct energy use in the sector (40%), followed 
by land development (24%), electricity generation (5%), cotton trash (2%), diesel refi ning (2%), fertiliser manufacture 
(1%) and road transport (1%). The path analysis for water use shows the majority is used directly in production (84%) 
with minor contributions from cotton by-products (9%), water industry (1%), wholesale trade (1%) and rice husks (1%). 
Thus the sector itself should be the primary focus for improving both greenhouse and water use indicators.

Investment into the sector gives a less than average downstream linkage with effects on accommodation and cafes, 
wine and spirits, fruit and vegetable products, sugar products and entertainment. Increases in consumer demand for 
the commodity give less than average upstream stimulus to sectors including wholesale trade, services to agriculture 
and road freight.

Future Trends in Sector

The CSIRO Future Dilemmas study anticipates an expansion to three times current production levels for both fruit 
and vegetables by 2050. This is driven by: water reforms leading to cropping types that give higher economic returns 
per unit of water used; domestic population growth to 25 million; large increases in inbound international tourism; 
and a major penetration into world fresh food markets particularly in South East Asia. The export trade driver carries 
considerable uncertainties due to competition from other traders (New Zealand already exports ten times more apples 
than Australia), the effect of global climate change, cheap oil availability, quarantine and disease barriers, and world 
trade and open market access rules.

Innovation and Technical Opportunities

Three important areas will drive innovation in the vegetable and fruit growing sector. Firstly, the development of unique, 
attractive and branded varieties which can re-invent consumer palates and attract higher premiums will drive domestic 
and export markets. Second, the development of new varieties that are tailor-made to produce higher levels of health-
related phyto-chemicals (tomatoes, broccoli, oranges and berries are under fi nal development). Third, the drive to 
perfect blemish-free produce inevitably involves more chemicals and pesticides. This and related health concerns are 
driving consumers to shift to more organic and biological forms of vegetable and fruit production. Whether these shifts 
improve the sector’s TBL account requires more investigation. Inevitably a tension is developing between global and 
economically effi cient forms of production that are energy and water rich, and regional modes of production that focus 
on the spirit of food and its seasonality, rather than its time effi ciency, market cost and convenience.
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Sector 0200: Services to Agriculture (Cg)
Services to agriculture, ginned cotton, cotton seed, shearing, aerial agriculture, hunting and trapping

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is equal to 
average, water use is nearly 14 times the average, and land disturbance is 70% below average. The social indicator of 
employment generation is 15% above average, income is 10% above average, and government revenue is 20% below 
average. The fi nancial indicators show that the operating surplus is equal to average, export propensity is two times 
the average, and import penetration is 30% below average. The sector’s future seems assured given the increasing 
production complexity, its capital intensity, and trend towards outsourcing for specialised skills.

Sector Description

The sector provides a wide range of physical tasks, service provision, and processing systems to most of the primary 
agricultural sectors. The fi nancial activity is dominated by the provision of ginned cotton (49%), mixed services (38%), 
aerial agriculture (7%) and shearing (6%). By way of example, aerial agriculture (aerial mustering, crop dusting, aerial 
spraying) appears to use between 300 and 400 specialised aircraft and employ about 2 000 workers part time. If a 
shearer works about 40 weeks per year and shears 150 sheep per day, there must be about 4 000 to 5 000 shearers. 
One issue for shearing is the increasing age profi le of shearers, and the advanced age of shearing sheds and 
equipment. There are about 15 cotton gins in Queensland and New South Wales. In constant dollar terms over the 
last thirty years, the turnover has halved in aerial agriculture and shearing, increased six fold in cotton ginning, and 
increased by one half in mixed services. Current turnover is about $4 billion, and involves more than 4 500, mostly 
small enterprises.

Place of Industry in the Economy

The services to agriculture sector ranks 74th out of 135 sectors in terms of value adding in the economy, and 
contributes 0.20% of GDP in this analysis. It is similar in value adding to the beer and malt, and uranium, nickel and 
manganese mining sectors. It is a moderate employer with 6 000 employment years embodied in the sector’s fi nal 
demand, and another 6 000 years in the sector’s suppliers giving a total of 12 000 employment years. In addition, 
it contributes 12 000 employment years to the fi nal demand of downstream industries such as meat products, hay 
growing, wool growing, beef cattle, and processed wool and yarns. It has moderately large requirements for water with 
two percent of the national total due to the embodied water in cotton growing which is delivered to fi nal demand in this 
sector through processing. Cotton lint for weaving and export is ‘ginned’ from the cottonseed used in animal feeds 
and oil extraction. It has about one tenth of one percent of national land disturbance, energy use and greenhouse 
emissions. In fi nancial terms exports outweigh imports by a factor of six.

Strategic Overview

The spider diagram portrays a reasonable TBL account, apart from a large outlier for water use due to cotton growing, 
and a smaller one for government revenue. Improving the water indicator will require changes in cotton growing 
management and procurement policies based on the full production chain. Improving the government revenue 
indicator may be diffi cult because increased costs may limit cost effi cient production and processing and economic 
viability for many primary sectors. Downstream issues include pesticide safety, professional liability for any poor advice 
from consultants, and work place safety and training for workers undertaking multiple activities.
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TBL Account #1

The fi nancial indicator of operating surplus is equal to average with a direct sector effect of 38% of total, with 
contributions from cotton growing (28%), wholesale trade (1%), agricultural chemicals (1%), and provision of clean 
seed for cotton planting (1%). The social indicator of employment generation is 15% above average, with a direct 
sector effect of 47% and a composition similar to the surplus indicator. The environmental indicator of greenhouse 
emissions is equal to average and discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account shows export propensity, mainly due to cotton lint, at twice the average and income at 
10% above average. Water use is nearly fourteen times the average and is discussed in more detail below. The third 
TBL account shows import penetration 30% below average, government revenue at 20% below average, and land 
disturbance at 70% below average. 

Structural Path Analysis and Linkages

The structural path analysis for water shows that the direct use of process water in the sector is very small at about one 
litre per dollar of fi nal demand. Most of the effect (94%) is embodied water from the cotton growing sector as most of the 
primary product ‘seed cotton’ is separated into cotton lint and cotton seed in this sector. The cotton growing industry has 
made substantial advances in water use effi ciency over the past decade and is now regarded as a careful and highly 
effi cient user of the water resource. The fact remains nevertheless, that cotton is a water intensive product which is mostly 
located on the semi-arid fl oodplains of inland rivers with some dryland cotton in suitable soil and rainfall regimes. The 
greenhouse gas chain reveals that direct emissions due to within sector fuel combustion are small, at 4% of total. Most 
emissions are passed through from the cotton growing sector, and due mostly to the nitrifi cation of nitrogen fertilisers 
(nitrous oxides have a global warming potential more than 300 times that of carbon dioxide). Cotton growing research 
shows that nitrous oxide emissions can be reduced by using legume rotations to supply biological nitrogen to the cotton 
crop, or by applying nitrifi cation inhibitors to the soil. Other emissions are due to land development (11%), electricity 
generation (3%), basic chemical manufacture (nitrogen fertilisers: 3%), and diesel refi ning for cotton growing (1%). 
Greenhouse reduction should focus on nitrogen fertiliser management to reduce nitrifi cation.

The sector’s stimulus to its upstream suppliers is 20% greater than average and impacts on cotton growing, wholesale 
trade, road transport, and agricultural chemicals. The linkages to downstream industries are 30% stronger than 
average and suggest that expansion in the sector must be led by expansion in downstream sectors such as meat 
products, hay growing, processed wool and yarns, sheep growing, and beef cattle.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates that by 2050, cotton production will triple and 
hay making and wool production will double. These futures assume increased northern irrigation (cotton), further 
intensifi cation of feedlots (beef), and wool remerging as an affl uent fashion fabric using increasingly specialised 
animals grown in well orchestrated systems.

Innovation and Technical Opportunities

The consultancy and advice component of this sector is especially important to the future of Australian farm production, 
and its place in earning export income from the affl uent markets of the world. Increasingly it may have to develop and 
apply more biological farming systems with life cycle analyses certifying product quality and the sustainability of the 
production system.
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Sector 3020010: Softwoods (Sw)
Softwoods and conifers

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is nearly 24 
times the average, water use is 60% below average, and land disturbance is about fi ve times the average. The social 
indicators show that employment generation is 15% above average, income is 10% below average, and government 
revenue is 30% below average. The fi nancial indicators show a surplus 10% below average, and export propensity that 
is 30% below average, and an import penetration equal to average. The high greenhouse indicator is due in part to the 
accounting protocols used in this analysis, which do not assign emissions offsets to the industries that invest in them. 
Forest policy is aiming for 500 000 ha or more of new softwood plantations by 2020. Financial indicators will possibly 
improve, but the land disturbance and greenhouse emissions indicators may increase as imports are replaced by 
domestic production.

Sector Description

Current annual softwood production is about 13 million cubic metres within a total domestic wood production of 
24 million cubic metres. Assuming a mean annual increment of 20 cubic metres per ha and a rotation length of about 
20 years, this suggests that 37 000 ha of plantation are harvested annually. About 40% is currently used for pulp, and 
60% for sawlogs and particle boards. Signifi cant imports of softwood come from New Zealand and Canada. Of the 
nearly one million ha of softwood plantation, New South Wales has the highest proportion (28%) followed by Victoria 
(21%) and Queensland (18%). Most softwood planting is the well known Pinus radiata, but this is being augmented 
in different regions by maritime pine (Pinus pinaster), slash pine (Pinus elliottii), hoop pine (Araucaria cunninghamii), 
caribbean pine (Pinus caribaea), and native cypress (Callitris intratropica). In constant dollar terms, the turnover of the 
sector has increased fourfold in the last 30 years, and is currently about $850 million.

Place of Industry in the Economy

The softwood plantation sector ranks 127th out of 135 sectors in terms of value adding in the economy, and contributes 
0.04% of GDP in this analysis. It is similar in value adding to the leather and leather products, and other petroleum 
products sectors. It is a small employer with less than 1 000 employment years directly and indirectly embodied in 
fi nal demand. In addition it contributes 4 000 employment years to the fi nal demand of downstream industries such as 
sawn timber and woodchips, pulp and paper, domestic building, and plywood and particle board. It has small absolute 
resource requirements with less than one tenth of one percent of national water use, land disturbance, energy use, and 
greenhouse emissions. In fi nancial terms, imports outweigh exports by a factor of three.

Strategic Overview

The spider diagram portrays a sector with large outliers for land disturbance and greenhouse emissions, and smaller 
ones for government revenue and export propensity. The greenhouse and land indicators are partly due to the 
analytical method (discussed later) but also refl ect the physical reality that society’s requirements for building materials, 
paper and packaging require signifi cant hidden resources. As national forest policy unfolds and the plantation estate 
moves towards three million ha by 2020, the fi nancial indicators should improve. Downstream issues include the 
hydrological effects of plantations, ownership structures, and social effects of land use change.
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TBL Account #1

The fi nancial indicator of operating surplus is 10% below average with a direct sector effect of 53% of total, and 
contributions from equipment repairs (7%), services to forestry (4%), wholesale trade (4%), concrete products (2%), 
oil extraction for diesel refi ning (1%), and heavy machinery manufacture (1%). The social indicator of employment 
generation is 15% above average, with a direct effect of 64% and a composition similar to the surplus indicator. The 
greenhouse emissions indicator is nearly 24 times the average and the reason for this is discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is 30% below average, income is 10% below average, and 
water use is 60% below average. The third TBL account shows import penetration equal to average, government 
revenue 30% below average. Land disturbance is about fi ve times the average and is discussed in more detail below.

Structural Path Analysis and Linkages

Both the greenhouse emissions and land disturbance indicators are outliers. The structural path analysis reveals 
the direct within sector effect is dominant in both cases with 67% for emissions and 83% for land disturbance. The 
other signifi cant contribution is the services to forestry sector with 29% (emissions) and 15% (disturbance). For 
softwoods and the hardwood and services to forestry sectors, defi nitional and accounting issues cause the high 
indicator values. Professional foresters may not view a well grown softwood forest as a disturbed area. However 
others may see widespread softwood monocultures as landscape disturbance precluding other values, particularly if 
they are established on recently logged native forest. Part of the issue is also methodological: as with other primary 
sectors, fi nancial values are low at the unprocessed stage causing higher indicator values. The high greenhouse 
indicator arises from gross emissions being assigned to the sector of origin without adjustment for net sink effects. The 
approach here is consistent across 135 sectors and could be improved by fully quantifying emission offset effects (eg 
power stations that plant trees).

The sector’s stimulus to its upstream suppliers is about average and impacts mainly on wholesale trade, services to 
forestry, repairs to machinery, road transport, and machinery manufacture. The linkages to downstream industries are 
150% above average and are some of the strongest evidenced in this analysis, highlighting the material importance 
and diversity of softwood use in the economy. The linkages suggest that any expansion in the softwood plantation 
sector should be led by expansion in downstream sectors such as sawn timber and woodchips, pulp and paper, 
domestic building, plywood and particle board, printing and stationery, and paper containers.

Future Trends in Sector

An optimistic scenario in a Federal Government plantations study underpinning the ‘Forests 2020 Vision’ anticipates 
500 000 ha of new softwood plantings by 2020 to complement the nearly one million ha already in the national 
plantation estate. By the mid 2040s, 25 million cubic metres of softwoods may be harvested annually, 30% for pulp and 
70% for logs, within a wood harvest of 50 million cubic metres. The remaining harvest will be hardwood plantations of 
Eucalyptus species.

Innovation and Technical Opportunities

The land use policy literature suggests that considerable effort should be devoted to the community institutions in 
forestry regions, especially since softwood and hardwood plantations may possibly double in the next 20 years to 
reach the “vision’s” target of three million hectares. This will occur in focused areas of higher rainfall with current 
forestry infrastructure. Careful planning will be required to avoid adverse effects on regional hydrology and knock-on 
effects to other industries.
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Sector 3020020: Hardwoods (Hw)
Hardwoods, brushwoods, scrubwoods, hewn and other timber

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is nearly 15 
times the average, water use is 75% below average, and land disturbance is twice the average. The social indicators 
show that employment generation is 15% greater than average, income 10% below average, and government 
revenue is 30% below average. The fi nancial indicators show an operating surplus 10% below average, an export 
propensity 50% below average, and import penetration equal to average. The high greenhouse indicator is partly due 
to accounting protocols. Establishing hardwood plantations on farmland will reduce native forest harvesting.

Sector Description

While exact production data are diffi cult to reconcile, Australia produces about 11 million cubic metres of roundwood 
annually from hardwood forests and 4 million tonnes of hardwood woodchips (approximately 8 million cubic metres) for 
exports. Hardwoods also contribute to domestic pulp and paper production. The hardwood plantation area is currently 
about 675 000 ha or 41% of all plantations. About 80% of this is native Eucalyptus species with a mix between 8-10 
year rotation forests for pulpwood, and 40 year rotations for construction materials. Western Australia has the largest 
hardwood plantations (37%) with 22% each for Victoria and Tasmania. In 2003, new hardwood plantings covered 
31 000 ha or three times the size of new softwood plantings. If Australia is to triple its plantation estate by 2020, it 
must maintain planting rates for hardwoods and softwoods combined at 80 000 ha per year. The native forest estate 
is extensive, covering 163 million ha or 21% of the continent. About 2.5 million cubic metres are currently harvested 
on a regulated sustainable yield basis. In constant dollar terms, the turnover of the sector is now one third of its value 
30 years ago which makes it an anomaly compared to most other physical and service sectors. This is due to the 
forest reform process gradually closing access to logging in native forests, and the rotational ‘lull’ before plantation 
hardwoods come fully onstream. Turnover is currently $350 million per year but is diffi cult to partition from the forestry 
sector as a whole.

Place of Industry in the Economy

The hardwood forests sector ranks 133rd out of 135 sectors in terms of value adding in the economy and contributes 
0.02% of GDP in this analysis. It is similar in value adding to the mixed fertilisers, and rice in the husk sectors. It is a 
small employer with less than 500 employment years directly and indirectly embodied in fi nal demand. In addition it 
contributes nearly 2 000 employment years to the fi nal demand of downstream processing industries such as sawn 
timber and woodchips, residential building, and plywood. It has small absolute resource requirements with less than 
one tenth of one percent of national water use, land disturbance, energy use, and greenhouse emissions. Nevertheless 
some intensity values are higher than average due to low value adding in the primary commodity state since most 
of the product enters fi nal demand only after it has been through downstream wood processing sectors. In fi nancial 
terms, imports are six times greater than exports.

Strategic Overview

The spider diagram portrays a hardwood timber sector with outliers for land disturbance and greenhouse emissions, 
but reasonable social (employment and income) and fi nancial (imports and surplus) indicators. Signifi cant ongoing 
forest reform, and a steady increase in hardwood planting on private land, will see most of these issues substantially 
improve by 2020.
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TBL Account #1

The fi nancial indicator of operating surplus is 10% below average with a direct effect of 53% of total, and contributions 
from equipment repairs (7%), services to forestry (4%), wholesale trade (4%), concrete products (2%), oil extraction for 
diesel refi ning (1%), and wood handling equipment (1%). The social indicator of employment generation is 15% above 
average with a direct effect of 64% and a composition similar to the surplus indicator. The environmental indicator of 
greenhouse emissions is nearly 15 times the average, and is discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is 50% below average, income that is 10% below average, 
and water use that is 75% below average. The third TBL account shows that import penetration is equal to average, 
government revenue 30% below average, and land disturbance is two times the average.

Structural Path Analysis and Linkages

The structural path analysis for greenhouse emissions shows that most of the effect is shared equally between the 
direct sector effect and the services to forestry sector with 47% each. This is a somewhat artifi cial separation due to the 
disaggregation of the national accounts used in this analysis and exaggerated because primary sectors have relatively 
little market value until products reach downstream processing sectors. The direct sector effect may be due to ongoing 
decay in actively growing forests as well as cultural activities such as thinning and pole harvesting about 8 years into a 
20 year rotation. The emissions from the services to forestry sector are due to the land preparation activities (removing 
a forest cover, clearing rough country, regular fi re management) that precede planting a hardwood forest. As discussed 
in more detail in the services to forestry sector, there are few solutions to these emissions-intensive activities. Indicator 
values would be lower if accounting protocols offset each sector’s emissions against its sequestration. 

The sector’s stimulus to its upstream suppliers is 5% below the economy wide average and impacts on wholesale 
trade, services to forestry, repairs to machinery, road transport, machinery and equipment, concrete products, and 
diesel refi ning. The sector’s linkages to downstream industries are 100% above average, one of the strongest in 
this analysis, refl ecting the centrality of wood to many facets of material functioning in the economy. These linkages 
suggest that expansion of the sector must be led by expansion of downstream sectors such as sawn timber and 
woodchips, residential building, plywood and particleboard, pulp and paper, paper containers, construction, rail 
transport (sleepers), and printing and stationery.

Future Trends in Sector

An optimistic scenario in a Federal Government plantations study underpinning the ‘Forests 2020 Vision’, anticipates 
875 000 ha of short rotation hardwoods and 460 000 ha of long rotation hardwoods planted by 2020. By the mid 2040s, 
there is an estimated harvest of 21 and 4 million cubic metres of hardwood pulpwood and sawlogs respectively, within 
a total wood harvest of 50 million cubic metres. This will allow native forest harvesting to be reduced to relatively minor 
levels and to be driven by resource management goals rather than wood production targets.

Innovation and Technical Opportunities

Hardwood tree selections will need to be designed to integrate production, wood quality and biodiversity values, while 
being amenable to diverse planting regimes and multiple product uses.
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Sector Rem. 0300: Forestry (Fr)
Forestry harvesting, logging, land clearing and services to forestry

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicators of greenhouse emissions, water use 
and land disturbance are respectively 97 times, 75% less than and 10 times the economy wide average. The social 
indicator of employment is 15% greater than average, income is 10% below average, and government revenue is 30% 
below average. The fi nancial indicators show that operating surplus is 10% below average, export propensity is 60% 
below average, and import penetration is equal to average. Wide ranging reforms in the forest industry will play out 
over the next 20 years and improve the land disturbance, export propensity and import penetration indicators. The high 
greenhouse indicator is due to the accounting conventions used.

Sector Description

This sector includes all the on-site activities that make up the forest industry to the point of delivering a log, or a bin of 
wood chips chipped in the forest, to a downstream processing facility such as a saw mill, a particle board mill, or a pulp 
and paper factory. It does not include the planting and management of plantations which are included in the softwood 
and hardwood sectors. The heavy machinery used in forestry operations is also used (at least as far as the national 
accounts are concerned) for land clearing and land preparation (though not crop ploughing) in industries such as beef 
cattle, cotton growing, and most mining industry sectors. Annually, about 24 million cubic metres (about 12 million dry 
tonnes) of roundwood are harvested from Australian forests.

Place of Industry in the Economy

The forestry and services to forestry sector ranks 122nd out of 135 sectors in terms of value adding in the economy, 
and contributes 0.05% of GDP in this analysis. It is similar in value adding to the diesel refi ning and railway equipment 
manufacturing sectors. It is a small employer with 4 000 employment years directly embodied in fi nal demand, and 
another 2 000 employment years in the sector’s upstream suppliers giving a total of 6 000 employment years. In 
addition, it contributes 2 000 employment years to downstream industries such as sawn timber and woodchips, and 
pulp and paper. The sector has small requirements for water use and energy use with less than one tenth of one 
percent of national totals. The sector’s contribution to national greenhouse emissions has a direct component of 
34.5 million tonnes or 6% of total, and 37.6 million tonnes or 7% of total when suppliers are included. The emissions 
are due to decaying vegetation and litter and soil respiration on the harvested area. Some accounting protocols offset 
harvesting emissions against the uptake of carbon dioxide by new, actively growing plantation forest. This analysis 
assigns the sequestration of carbon dioxide to the economy at large, or the ‘commons’ rather than to particular sectors. 
The land disturbance account is one percent of the national total and composed of pro-rated impact from harvesting in 
intensive plantations and extensive native forests.

Strategic Overview

The spider diagram portrays the forestry sector with outliers in environmental, social, and fi nancial areas. As discussed 
above, some of these outliers may be due to accounting convention. However it is realistic to acknowledge that forest 
issues generate wide political and community concern due to issues beyond the scope of this analysis, such as 
biodiversity loss and conservation goals.
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TBL Account #1

The operating surplus is 10% below average and composed of a direct sector effect of 53% with contributions from 
repairs to machinery (6%), wholesale trade (4%), concrete products (2%), oil extraction for diesel refi ning (1%), and 
equipment manufacture (1%). The social indicator of employment generation is 15% above average, with a direct 
effect of 64% and a composition similar to the surplus indicator. Employment in this sector is mostly regional in nature 
which in part explains the political intensity that accompany changes in forest management policies. The greenhouse 
gas indicator is 97 times the average and is discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account shows that the export propensity is 60% below average and is due partly to sector production 
going to downstream processing. However, Australia still has a signifi cant forest products defi cit across all wood 
sectors in total. The income indicator is 10% below average. Water use is 75% below average and partly due to 
cottonseed husks used to rear plantation seedlings. The third TBL account shows that import penetration is equal to 
average, government revenue is 30% below average, and land disturbance is 10 times the average.

Structural Path Analysis and Linkages

The land disturbance and greenhouse emissions indicators are partly explained by accounting protocols and the 
relatively low value of primary commodities before they enter the processing streams. The structural path analysis 
shows that the direct effect is 92% for both indicators and so improvements could clearly come from within the sector. 
The land disturbance indicator should decrease gradually over the next 20 years as both hardwood and softwood 
are harvested from plantations and native forest logging is curtailed. While the characterisation of a sustainable 
forest plantation of native eucalypt species as a ‘disturbed’ landscape may be debated, nevertheless reducing 
Australia’s forest products defi cit will increase the land use indicator as imports from New Zealand, Canada and parts 
of Asia are replaced. The tradeoff will be increased regional employment and reduced import penetration. Reducing 
the greenhouse intensity indicator from harvested land is more diffi cult due to the relatively low fi nancial value of 
unprocessed logs. Some environmental accounting systems, focused on valuing ecosystems services, propose that 
forest products are undervalued in fi nancial terms by a factor of fi ve, for plantations, to ten, for rainforests. However the 
key issue is the emissions after harvesting when discarded plant material decomposes. Increased waste collection is 
possible, but doubtful economically and it removes more nutrients from the soil. 

The sector’s stimulus to its upstream suppliers is about average and impacts on wholesale trade, property services, 
other food and animal products, diesel refi ning and accounting and marketing. The linkages to downstream industries 
are 25% below average and suggest that expansion in the sector must be led by development activities in agriculture 
(particularly beef cattle, and vegetable and fruit growing), and expansion in softwoods (land preparation), sawn timber, 
and pulp and paper.

Future Trends in Sector

Federal Government forest scenarios underpinning the ‘Forests 2020 Vision’ anticipate that by the mid 2040s, wood 
volumes may increase by 25% to 30 million cubic metres with no new planting, or double to 50 million cubic metres 
with new planting, to feed 8-13 new world scale pulp mills.

Innovation and Technical Opportunities

Assuming that the forest cycle will be based on plantations by 2020, the drivers for the forestry sector will come from 
downstream consumers, and be mediated by the processors of wood products. Transitions to a paperless offi ce, a 
biomass fuel cycle, or wood housing will all have large effects.
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Sector 0400: Commercial Fishing (Fi)
Wild-caught fi shing and aquaculture

Short Summary

The commercial fi shing sector shows a reasonable environmental account with greenhouse emissions, water use and 
land disturbance 25%, 50%, and 90% below average. However two caveats are worth noting. The land account does 
not include estuary and ocean disturbance due to fi shing, since marine disturbance data is not available. Also recent 
long term modelling warns that marine fi sh stocks are under considerable pressure and current production levels 
cannot be sustained. For the social indicators, employment generation is 15% below average, income is 35% below 
average while government revenue is 15% below average. For the fi nancial indicators, the operating surplus is 10% 
below average, export propensity is 90% above average while import penetration is 35% above average. In absolute 
dollar terms, exports are currently greater than imports due to exports of higher value fi sh (lobsters, tuna, prawns) 
balancing the imports of larger volumes of mainly fi n fi sh. There is a weak downstream linkage to the accommodation, 
cafes and restaurants sector. Increases in consumer demand show an average upstream effect on suppliers such 
as wholesale trade, boat leasing, seafood processing and marketing. In view of the pressures on many fi sh stocks, 
consumer prices for seafood may increase. This could allow higher income for employees and improved fi sheries 
management to be funded directly by consumers. 

Sector Description

Australia’s wild caught marine fi shery harvests about 600 species commercially and has averaged around 200 000 tonnes 
of production per annum for the past decade. In addition, aquaculture contributes 30 000 to 40 000 tonnes per annum. 
The current value of fi sheries production is around $2.5 billion in basic prices. The value of imports is $1.2 billion while 
exports are $2.2 billion giving a positive trade balance of $1 billion. The Australian fi shing zone is 17% greater than the 
land mass, and is the third largest in the world. However it is relatively unproductive due to nutrient poor waters and 
the lack of up welling areas where nutrients are brought to the surface layers.

Place of Industry in the Economy

The commercial fi shing sector is a relatively small one in terms of value adding to the economy ranking 81st out of 135, 
and contributing 0.18% of GDP in this analysis. It is a small employment generation with a total of 17 000 employment 
years, with 9 000 of these directly within the sector and the remaining 8 000 in the sector’s suppliers. In resource 
terms, it uses less than three tenths of one percent of water, energy and greenhouse gases and has a negligible land 
requirement, although a large marine area is accessed for the wild capture fi shery. Estimates of Australia’s functional 
marine area are about 0.7 ha per capita, a total of 14 million ha, which is equivalent to the area ploughed for the yearly 
wheat crop. Currently, exports are twice imports in fi nancial terms.

Strategic Overview

The integrated overview in the spider diagram shows a moderately balanced TBL account with below average social 
and fi nancial outcomes. The most challenging upstream issues relate to the ecological and economic sustainability of 
Australia’s fi sh stocks. While many shorter lived marine species will be sustained provided that their habitats are not 
damaged, many important long lived species have been overfi shed and could take decades to recover. Downstream 
issues relate to heavy metal accumulation in some fi sh entering the human food chain. Inevitably aquaculture will 
increase substantially bringing downstream issues of where to locate and manage these operations.
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TBL Account #1

The fi rst TBL account shows that operating surplus is 10% below average with half a direct effect and contributions 
from wholesale trade (5%), aquaculture feed (2%), diesel (2%) and mechanical repairs (1%). The social indicator of 
employment generation is 15% below average with a composition similar to the fi nancial surplus. The greenhouse 
emissions indicator is 25% below average with half a direct effect due to fuel combusted on fi shing boats. 

TBL Accounts #2 and #3

The second TBL account shows export propensity is nearly twice the average, income is 35% below average and 
water use is 50% below average. The third TBL account shows import penetration is 35% below average while 
government revenue and land disturbance are 15% and 90% below average respectively. Marine area disturbance is 
not included in the land disturbance account.

Structural Path Analysis and Linkages

The upstream linkage to supply sectors such as wholesale trade and marketing is around average. The downstream 
linkages are weak, as the effects dissipate to private consumption and exports.

Future Trends in Sector

The CSIRO Fish Futures to 2050 study points to a reasonably constrained future for wild caught fi shing in the 
Australian fi shing zone. Under an ‘average management’ scenario, the wild catch will slowly decline to 130 000 tonnes 
per annum (70 000 tonnes below the peak decade of the 1990s). The decline is due to the damage done to the stocks 
of longer lived fi n fi sh in the 1980s and 1990s when industrial exploitation was at its peak. A number of ecologically 
based fi shing scenarios show that sustainable catch regimes of 170 000 to 190 000 tonnes per annum may be feasible 
but there are many biological and management uncertainties. It seems certain that aquaculture will play a greater 
part in the future and these studies assume that it will expand from the current level of 34 000 tonnes per annum to 
130 000 tonnes per annum by 2050. Parallel assumptions are that exports of high value fi sh such as bluefi n tuna and 
rock lobsters kept constant at 70 000 tonnes per year. Under the assumption that the health enhancing and lifestyle 
factors of seafood will double annual consumption from 11 to 23 kg per capita by 2050, it is possible that seafood 
imports will grow from 280 000 tonnes per year to over 900 000 tonnes per year by 2050. These fi gures may be 
optimistic in assuming that these volumes of fi sh would be available for purchase. 

Innovation and Technical Opportunities

The key innovation required in the above scenarios is to decouple marine aquaculture from its requirement for ‘fi sh 
as feed’ and fi sh oil in the feeding regime for fi sh species Current aquaculture systems for Atlantic salmon and 
southern bluefi n tuna require that 8 to 11 kg of fi sh be fed for each kg of fi sh liveweight gain. Without a technological 
breakthrough in feeding this could mean that the 130 000 tonnes of aquaculture fi sh in the future scenario could 
require in excess of one million tonnes of other fi sh as feed. This is plainly unsustainable. It is anticipated that grain 
feeding systems will be developed where the key amino acids for taste and health benefi ts, will be synthesised within 
the grain or by micro-organisms in vats. Increasing the sophistication of the aquaculture production chain will inevitably 
increase the energy and materials intensity of the commercial fi shing sector and alter its TBL account, although there 
may be social advantages of increased employment generation. Most innovations relating to wild caught fi shing aim 
at reducing catches and fi shing effort, in the expectation of increasing the resilience of the stocks. There is some 
possibility that undiscovered fi sh resources still exist, and that by-catch and under utilised species can plug the 
production gaps, but this is unlikely. 
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Sectors 11010010-12001920: Black Coal (Bl)
Black coal, all types including briquettes

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is two and one 
quarter times the average, water use is 65% below average, and land disturbance is 95% below average. The social 
indicators show that employment generation, income, and government revenue are respectively 65%, 50%, and 50% 
below average. The fi nancial indicators reveal that operating surplus is 60% above average, export propensity is fi ve 
times the average, and import penetration is 65% below average. Prospects for the black coal industry seem good for 
the next 10-20 years. Innovations in ‘clean coal’ electricity and geo-sequestration of CO

2
 will determine its future past 

2020. The use of advanced coal-to-liquids technology to supply transport fuels could vastly expand its domestic and 
export requirements.

Sector Description

Australia currently has an annual gross production of 350 million tonnes (Mt) of black coal, 72% of which is from 
underground mines. This has a net production after cleaning of 274 Mt, of which 68 Mt is used domestically and 
206 Mt is exported. Raw coal production is dominated by Queensland (56%) and New South Wales (41%). Domestic 
consumption is composed of electricity generation with 56 Mt (85%), iron and steel 5.5 Mt (8%), cement manufacture 
0.8 Mt (1%), and other uses 4.5 Mt (6%). Exports are made up of coking coal for steel making (106 Mt), and steaming 
coal for electricity generation (100 Mt). Australia has economic demonstrated resources of black coal of 41 billion 
tonnes, giving an economic life of over 120 years at current production levels. In constant dollar terms, the turnover of 
the black coal sector has increased nine fold in the last 30 years. Current turnover is $13 billion and involves about 100 
enterprises.

Place of Industry in the Economy

The coal mining sector ranks 22nd out of 135 sectors in terms of value adding in the Australian economy and contributes 
1.3% of GDP in this analysis. It is similar in value adding to the police and fi re brigades, and business support services 
sectors. It is a moderate employer with 11 000 employment years directly embodied in the sector’s fi nal demand, and 
another 22 000 years in the sector’s suppliers, giving a total of 33 000 employment years. In addition, it contributes 
3 000 employment years to the fi nal demand of downstream industries, principally electricity generation. It has 
moderate resource requirements with one tenth of one percent of national land disturbance and one half of one percent 
of water use. It has nearly one percent of energy use and nearly three percent of greenhouse emissions. In fi nancial 
terms, exports outweigh imports twenty fold.

Strategic Overview

The spider diagram highlights two important sets of issues for the black coal mining sector. The fi rst is the set of 
outliers for the three social indicators due mainly to the capital intensive nature of coal (and other) mining. The second 
is an outlier for greenhouse gas emissions due mostly to fugitive emissions of methane from coal seams. It is now 
possible to extract and use methane for power generation ahead of or during mining operations, and in combination 
with waste coal. Downstream issues for coal mining focus mainly on the greenhouse emissions from its end use 
combustion. Large investments in clean coal technologies and geo-sequestration are underway.
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TBL Account #1

The fi nancial indicator of operating surplus is 60% above average and composed of a direct effect of 83%, and 
1% contributions from railway freight, services to mining, electricity generation and banking. The social indicator 
of employment generation is 65% below average and discussed in more detail below. The environmental indicator 
of greenhouse emissions is two and one quarter times the average and composed of a direct effect of 85%, with 
contributions from electricity generation (5%) and railway freight (2%). Most of the emissions are due to methane 
leakage from coal seams as well as from waste coal oxidation. The industry is well advanced in capturing fugitive 
methane as an energy source with commercial power plants installed that use methane extracted before and during 
mining, as well as processes to utilise waste coal onsite for mine operation. Advanced concepts offer the possibility of 
using CO

2
 from nearby thermal power plants to lodge and sequester in the coal matrix, thereby dislodging methane for 

use by gas turbines.

TBL Accounts #2 and #3

The second TBL account shows an export propensity more than fi ve times the average, an income indicator 50% 
below average, and water use 65% below average. The third TBL account shows import penetration 60% below 
average, government revenue 50% below average, and land disturbance 95% below average.

Structural Path Analysis and Linkages

The structural path analysis for the social indicators shows that coal mining, like many primary mining commodities, 
has a large direct effect (average of 45% across the indicators) and moderate indirect contributions from supplying 
sectors such as railway freight (8%), services to mining (3%), wholesale trade (3%), banking (3%), community services 
(2%) and road transport (2%). The coal sector’s competitive advantage in export terms is based primarily on the 
location of high grade coal deposits, linked by relatively short rail distances to large bulk loading terminals at ports. 
While coal prices are currently higher than normal due to demand from China and an upturn in the world’s economic 
cycle, price for hard coking coal has averaged A$75/tonne for the last fi ve years while steaming coal has averaged 
$A50/tonne. An industry view would hold that substantial changes to the employment structure of the industry would 
simply price it out of what is a buyer’s market in most years. An employee’s view would note the importance of the 
industry to a number of mining regions, and the diffi culties that ensue when further productivity gains are exacted. 

The sector’s stimulus to its upstream suppliers is 40% below average, and impacts on railway freight, property 
services, wholesale trade, and services to mining. The linkages to downstream industries are 45% below average, 
as much of the production effect is dissipated by exports. Nevertheless there are signifi cant linkages to electricity 
generation and basic iron and steel.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates a tripling of raw coal production by 2050 to 1.2 billion 
tonnes per year, on the assumption that export markets continue to expand. Recent ABARE and COAG studies 
project a 25% and 100% expansion respectively by 2020. One major coal producer is now investing in major electricity 
generation infrastructure in Europe to ‘lock in’ the demand for steaming coal, and maintain value for its mining product. 
Many industry experts, having seen the booms and busts of diversifi cation, are cautious about such moves.

Innovation and Technical Opportunities

For coal to prosper in the long term, the end use must change from a cheap bulk fuel input with end-of-pipe pollution 
treatments, to becoming the nucleus of integrated industrial ecology complexes. 
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Sector 12000011: Crude Oil (Oi)
Crude oil including condensate

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 30% above 
average, while water use and land disturbance are 85% and 95% below average respectively. The social indicators 
show that employment generation, income and government revenue are 70%, 50% and 50% below average 
respectively. The fi nancial indicators show an operating surplus 50% above average, export propensity more than two 
times the average, and import penetration 65% below average. Locating several ‘Bass Strait‘ sized oil fi elds by 2010 
will be central to constraining the anticipated decline in domestic oil self suffi ciency.

Sector Description

Current annual domestic production of crude oil is 26 billion litres and condensate is 7 billion litres, giving a total of 
33 billion litres (25 million tonnes, or 210 million barrels). This domestic production compares with a total petroleum 
product use of 50 billion litres yearly, giving a domestic self suffi ciency of 66%, which is expected to decrease to 40% 
by the year 2010. Oil production comes from between 300 and 400 production wells, two thirds of which are offshore. 
Production processes release 300 kg of greenhouse gas equivalents per tonne of product produced, and this is due 
to fuel gas (48%), fl aring (17%), diesel (3%) and venting and fugitive emissions (32%). While Australia has large 
gas resources, current economic demonstrated resources for oil and condensate are 208 million tonnes or 9 000 
petajoules, while sub-economic and inferred resources add another 245 million tonnes or 10 000 petajoules. If all oil 
consumed were produced domestically, there would be only 12 years of oil cover at current rates of consumption. In 
constant dollar terms, it has increased eightfold over the last 30 years, and turnover is around $10 billion.

Place of Industry in the Economy

The oil extraction sector ranks 32nd out of 135 sectors in terms of value adding in the economy and contributes 
0.68% of GDP in this analysis. It is similar in value adding to the printing and stationery, and repairs to household and 
business equipment sectors. It is a small employer with 2 000 employment years directly embodied in the sector’s fi nal 
demand, and 5 000 employment years in the sector’s upstream suppliers giving a total of 7 000 employment years. 
In addition, it contributes 5 000 employment years to the fi nal demand of downstream industries such as automotive 
petrol, diesel, petroleum products, air transport, and kerosene. It has low requirements for water use and land 
disturbance with less than one tenth of one percent of national totals. Its requirements for energy use and greenhouse 
emissions are two tenths and three tenths respectively, of one percent of national totals. In fi nancial terms, exports 
outweigh imports by a ratio of 8:1 in this analysis, but that ratio may have lessened with the declining domestic oil 
availability.

Strategic Overview

The spider diagram portrays a sector with excellent fi nancial and environmental indicators (apart from greenhouse 
emissions) and three outliers for the social indicators, common with most of the primary mining sectors. Apart from 
water, oil is probably the most critical fl uid for any modern economy and there are many looming issues, the most 
problematic of which are dealing with the oil trade balance beyond 2010, and developing the transitional routes to 
domestically produced alternative transport fuels. Obvious downstream issues relate to air pollutants and greenhouse 
emissions when oil products are combusted in freight and transport vehicles.
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TBL Account #1

The fi nancial indicator of operating surplus is 50% above average with a direct effect of 83% of total, and 1% 
contributions from services to mining, railway freight, wholesale trade, and property services. The social indicator of 
employment is 70% below average and is discussed in more detail below. The environmental indicator of greenhouse 
emissions is 30% above average and composed of a direct sector effect of 76%, and contributions from electricity 
production (9%), railway freight (3%) and diesel refi ning (1%). Industry sources report an active engagement in 
reducing greenhouse emissions from oil extraction but there is a limit to what is physically possible. Industry data 
for the period 1990-2002 report remarkably consistent greenhouse emissions that vary from 310-360 kg per tonne 
of product. While consumption of fuel can be improved with effi cient engines and better management, there are 
circumstances where gas is fl ared for safety, and where exploration activities vent emissions in drilling with little 
production results. At major centralised production facilities, it is possible to consider injecting CO

2
 back into oil 

reservoirs to improve oil recovery.

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is more than two times the average, income that is 50% 
below average, and water use that is 85% below average. The third TBL account reveals an import penetration 65% 
below average, government revenue (see below) 50% below average and land disturbance 95% below average.

Structural Path Analysis and Linkages

The social indicators of employment generation and income are below average. The structural path analysis shows 
that the direct sector effects are 33% and 48% respectively. Given the absence of other major contributions, any 
improvement may be a sector issue. However lower than average employment and income multipliers are typical of 
capital intensive industries. In addition consumer prices paid for the fi nal product may not refl ect the full societal and 
environmental implications of the integrated petroleum products chain. The government revenue indicator may be 
greater than is suggested by this analysis. The key issue is the way in which resource rent payments for oil production, 
currently about $1 billion per year, are accounted for in the national input-output tables underlying this analysis. The 
current international convention is that resource rents are not included. These payments made by oil producers before 
refi ning, are in addition to the excise tax paid by consumers and refl ected in the government revenue indicators of the 
refi ned products sectors. 

The sector’s stimulus to its upstream suppliers is 40% below average and impacts on services to mining, wholesale 
trade, railway freight and property services. The linkages to downstream industries are 70% stronger than average 
emphasising the importance of oil to the function of the economy. The linkages are strongest to downstream products 
such as petrol, diesel, and kerosene.

Future Trends in Sector

The base case scenario of the Future Dilemmas study shows a plateauing of domestic oil production out to 2010 
and then a steady decline so that production at 2050 is about one sixth of current levels, while requirements have 
increased by 60%. The domestic self suffi ciency declines from 66% currently to 5% by 2050. The possibility of such 
challenging oil defi cits is causing policy responses such as a 150% tax deductibility for petroleum exploration, and 
project development for a range of gas-to-liquid, coal-to-liquid, sugar-to-ethanol, and biomass-to-methanol substitutes 
for oil fuels. 

Innovation and Technical Opportunities

At a macro level in 25-50 year time frames, there seems little alternative but to begin the transition from oil products to 
new fuels, and end use devices and machines that are more energy effi cient. 
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Sector 12000024: Natural Gas (Ng)
Natural gas in the gaseous state, gas extraction (not distribution)

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is nearly three 
times the average, while water use and land disturbance are respectively 80% and 95% below average. The social 
indicators of employment generation, income, and government revenue are respectively 65%, 50%, and 50% below 
average. The fi nancial indicator of operating surplus is 60% above average, while export propensity and import 
penetration are 75% and 60% below average respectively. With large potential gas resources, the future of the sector 
should be secure. Depletion of oil reserves may generate production tensions between domestic uses and export 
demand for LNG. The relatively lower carbon intensity of natural gas may advance it into many new uses if carbon 
constraints are introduced in the future. 

Sector Description

Natural gas mining or extraction in Australia comes from major basins such as the Carnarvon Basin (in north-west 
Western Australia); the Gippsland Basin (in Bass Strait, off Victoria’s south-east coast); and the Cooper/Eromanga 
Basins (on the borders of South Australia and Queensland). In 2002 production was 1 242 PJ (PJ=1015J; 33 billion 
cubic meters, or 214 million barrel of oil equivalents) of which 440 PJ was exported in liquefi ed form, leaving 800 PJ to 
be used by 3.4 million households and 105 000 commercial and industry customers. Major domestic consumers of gas 
are manufacturing (36%), electricity generation (25%), mining (17%), and households (14%). The distribution network 
is contained predominantly in the pipeline transport sector and includes 20 000 km of high pressure pipelines, and 
75 000 km of distribution pipes. Australian gas reserves are large (150 000 PJ) and could last more than 100 years at 
current production levels, but growing liquefi ed natural gas exports could reduce this potential gas cover to less than 
50 years. East coast reserves of gas may decline before 2020. In constant dollar terms, the turnover of the sector has 
increased sixfold in the last 30 years, and the domestic turnover is currently about $1.5 billion. 

Place of Industry in the Economy

The natural gas extraction sector ranks 77th out of 135 sectors in terms of value adding in this economy and 
contributes 0.20% of GDP in this analysis. It is similar in value adding to the alumina, and bus and tram transport 
sectors. It is a relatively small employer with less than 2 000 employment years directly and indirectly embodied in 
fi nal demand. In addition it supplies 2 000 employment years to the fi nal demand of downstream industries such 
as wholesale trade, electricity generation, accommodation cafes and restaurants, residential building, and alumina 
refi ning. It has small resource requirements for water use and land disturbance, with less than one tenth of one percent 
of national totals. For energy use and greenhouse emissions, its requirements are slightly higher, with respectively one 
tenth and two tenths of one percent of national totals. 

Strategic Overview

The spider diagram portrays the natural gas production sector as having relatively good fi nancial attributes (exports 
are in the LNG sector), but with outlying indicators for the three social indicators, and the environmental indicators of 
energy use and greenhouse emissions. The social issues are held in common with most primary mining sectors and 
are due to the capital intensive nature of production. 
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TBL Account #1

The fi nancial indicator of operating surplus is 60% above average and composed of a direct effect of 84% and 1% 
contributions from railway freight, services to mining, electricity production and banking. The social indicator of 
employment generation is 65% below average and discussed in more detail below. The environmental indicator of 
greenhouse emissions is nearly three times the average with a direct sector effect of 87%, and contributions from 
electricity generation (5%), and railway freight (2%). Based on this analysis, the production and transmission of natural 
gas releases CO

2
 equivalent emissions of 12 500 tonnes for each petajoule (1015J) of production, or 300 kg for each 

tonne of gas delivered. This indicator could be improved in a number of ways with CO
2
 stripping and re-injection into oil 

reservoirs being a primary option at the well head. Improving the physical effi ciency of compressors which use natural 
gas as a fuel to move gas through a high pressure pipeline is a second option, along with reducing compressor and 
pipeline leakage.

TBL Accounts #2 and #3

The second TBL account reports a low export propensity (not relevant for domestic gas), income that is 50% below 
average, and water use that is 80% below average. The third TBL account reports an import penetration that is 60% 
below average, government revenue that is 50% below average and land disturbance that is 95% below average.

Structural Path Analysis and Linkages

In common with many primary mining sectors, the social indicators are all well below average due mainly to the capital 
intensive nature of equipment, that once built (activity take place mainly in construction and metal fabrication sectors) 
requires relatively little labour for normal operation. The government revenue indicator is relatively low because of 
modest resource rents applied to the whole primary mining sector in an effort to retain the competitive position of 
Australian industry, to ensure that large and long term infrastructure investments are made, and to deliver gas as an 
industrial input for modest prices. Given these issues, the structural path analysis shows that the direct sector effect 
averages 45% across the three indicators, and that improvement is not likely given the issues noted above. 

The sector’s stimulus to its upstream suppliers is 40% below average and impacts on property services, wholesale 
trade, services to mining, and railway freight. The linkages to downstream industries are 55% greater than average, 
and suggest that any expansion in the sector must be led by increased activity in sectors such as wholesale trade, 
electricity generation, accommodation cafes and restaurants, residential building, and alumina refi ning.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates a tripling of production of natural gas in total, and a 
doubling of domestic requirements by 2050. With optimistic assumptions for new discoveries and steadily expanding 
exports of LNG, gas imports may be required after 2050 to help meet domestic requirements. Studies by ABARE 
suggest suffi cient resources to meet domestic and export requirements to 2020, but thereafter a need for development 
of coal seam methane, and pipelines to Papua New Guinea and Timor Gap fi elds to supply the east coast of Australia.

Innovation and Technical Opportunities

Current innovation in drive trains for motor vehicles and distributed electricity generators (micro-turbines, fuel cells 
in the home etc.) as well as gas-to-liquids conversion and methanol, may provide opportunities for natural gas to 
capitalise on its relatively lower carbon intensity.
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Sector 12000027: LNG, LPG (Lg)
Liquefi ed natural gas, liquefi ed petroleum gases

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse gas is 55% above 
average, while water use and land disturbance are 85% and 95% below average respectively. The social indicators 
show that employment generation, income and government revenue are respectively 65%, 50% and 45% below 
average respectively. The fi nancial indicators reveal that operating surplus is 60% above average, export propensity is 
more than four times the average, and import penetration is 70% below average. The LNG sector is a rapidly growing 
industry backed by strong demand from China and Japan. While proven and inferred gas stocks are large in relation 
to current domestic consumption, rapid export growth may deplete gas stocks to the possible detriment of the future 
function and growth potential of the domestic economy.

Sector Description

Australia currently exports nearly 8 million tonnes (10.5 billion cubic metres or 440 PJ) of liquefi ed natural gas 
from the North West Shelf off the coast of Western Australia. It produces 4.6 billion litres of liquefi ed petroleum gas 
(LPG), consumes 3.9 billion litres, exports 3.2 billion litres and must therefore import approximately 2.5 billion litres. 
The current LNG exports are supplied from the North West Shelf with three gas trains, large integrated complexes 
that transform natural gas to a liquid. A new gas train on will take export capacity to 12 million tonnes per year, and 
another train at Darwin will further expand capacity. Australia has economic demonstrated resources of natural 
gas of 620 million tonnes (34 000 PJ) giving an economic life of 21 years at current consumption. There are large 
inferred resources of 2 300 million tonnes (125 000 PJ) which in total give an economic life of 100 years at today’s 
consumption levels, but only 50 years at the consumption (domestic plus export) expected in the year 2020. The 
liquefaction of natural gas is an energy intensive process consuming about 10% of the feedstock in the process. 
Process analyses of liquefaction plants suggest that greenhouse emissions vary from 210-800 kg of CO

2
 per tonne 

of gas liquefi ed and delivered. In constant dollar terms, the turnover of the sector has quadrupled over the last twenty 
years. Current turnover of the LNG part of the sector is in excess of $3 billion.

Place of Industry in the Economy

The liquefi ed natural gas and liquefi ed petroleum gas sector ranks 62nd out of 135 sectors in terms of value adding in 
the economy, and contributes 0.26% of GDP in this analysis. It is similar in value adding to the clothing manufacturing, 
and wheat and other grains sectors. It is a small employer with 2 000 employment years directly embodied in the 
sector’s fi nal demand, as well as 4 000 years in the sector’s upstream suppliers, giving a total of 6 000 employment 
years. In addition, the sector supplies 1 000 employment years to the fi nal demand of downstream industries such 
as alumina, basic chemicals, non-ferrous metal smelting, and basic iron and steel manufacturing. It has moderate 
resource requirements with less than one tenth of one percent of national water use and land disturbance, and two 
tenths and four tenths of one percent respectively of national energy use, and greenhouse emissions. In fi nancial 
terms, exports outweigh imports by a factor of sixteen. 

Strategic Overview

The spider diagram reveals strong fi nancial indicators, reasonable environmental indicators and outliers for the three 
social indicators and greenhouse emissions. Possible downstream issues are greenhouse emissions in the full life 
cycle of LNG, and gas stock depletion within 40 years.
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TBL Account #1

The fi nancial indicator of operating surplus is 60% above average with a direct effect of 84% and small 1% 
contributions from railway freight, services to mining, electricity generation and banking. The social indicator of 
employment generation is 65% below average and is discussed in more detail below. The environmental indicator 
of greenhouse emissions is 55% above average, and composed of a direct effect of 78% and contributions from 
electricity generation (8%), railway freight (3%), and diesel refi ning (1%). Improved designs for liquefaction plants can 
reduce the greenhouse emissions. The original design for liquefaction of gas from the Gorgon Field on the North West 
Shelf has emissions of 1.2 tonnes of CO

2
 per tonne of LNG produced. Seven years of design evolution reduced this 

to 0.7 tonnes/tonne and 0.3 tonnes/tonne if the CO
2
 is reinjected back into saline aquifers below the Barrow Island oil 

fi eld. These effi ciencies can be achieved without increasing capital cost of the plant by better integrating the process 
thermal fl ows, improved gas turbines driving better gas compressors, and preventing venting and fl aring.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is more than four times the average, income is 50% below 
average, and water use is 85% below average. The third TBL account reveals that import penetration is 70% below 
average, government revenue is 45% below average and that land disturbance is 95% below average.

Structural Path Analysis and Linkages

The social indicators may require further scrutiny of options for improvement. An examination of the structural path 
analysis shows that the direct effect for employment generation is 33%, income is 48%, and government revenue is 
56%. Indirect effects include railway freight (8%), services to mining (3%), wholesale trade (3%), banking (3%), and 
road freight (1%). Given the size of the direct effect and the relatively small and diverse contributions from the supply 
chain, improvements may have to focus on within the sector. The sector shares social indicator issues with most of 
the primary mining sectors which are capital intensive and employment poor. The issues are sometimes polarised by 
the multinational ownership patterns of the petroleum giants who can choose projects from a wide array of countries, 
all eager for the export earning potential of LNG plants and interdependent trade deals that might accompany them. 
Natural resource development has been subject to a range of taxes, including resource rent taxes. The government 
revenue indicator would be affected by any changes in such taxation regimes.

The sector’s stimulus to its upstream suppliers is 40% below average and impacts on railway freight, property 
services, wholesale trade, and services to mining. Once an LNG plant and pipeline feeds are constructed, the sector 
is essentially self contained and the entire production is loaded directly from the plant onto specialised LNG ships. The 
linkages to downstream industries are 30% below average as most of the production is dissipated directly by exports. 
Nevertheless, there are linkages to alumina, basic chemicals, non-ferrous metal smelting, and basic iron and steel.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates a tripling of LNG to 2030, and then a decline as 
resource stocks become depleted. ABARE projections triple LNG exports by 2020. Substantial new discoveries may 
extend the economic and physical life of gas reserves.

Innovation and Technical Opportunities

Apart from reducing energy use and emissions inherent in LNG production, innovation may follow the Shell 
‘GameChanger’ technology, which standardises production of highly effi cient plants, allowing fast construction on land, 
or on specialised barges for use in small stranded gas reserves.
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Sector 11020010: Brown Coal (Br)
Brown coal-lignite including briquettes

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 50% below 
average, water use is 10% above average, and land disturbance is 95% below average. The social indicators of 
employment generation, income and government revenue are respectively 65%, 50% and 50% below average. The 
fi nancial indicator of operating surplus is 60% above average, export propensity is 70% below average, and import 
penetration is 65% below average. Macro-environmental issues such as global greenhouse emissions will determine 
the future of the brown coal mining sector. Gaining the technological high ground with highly effi cient power generators 
is the fi rst stage, and then a successful technology for permanent CO

2
 geo-sequestration.

Sector Description

Australia currently produces 66 million tonnes of brown coal or lignite annually, almost all of which is used domestically 
for electricity generation, with minor amounts made into briquettes for home heating, and as inputs to some industrial 
processes. Brown coal has a 60% water content and must undergo a range of dewatering processes before 
combustion. In its raw state, it has about one third the energy content (9.7 GJ/t) of black coal (28.5GJ/t) and power 
stations are therefore close to mines to reduce the physical and economic costs of transporting the water content. 
Compared to a typical black coal power plant operating at a thermal effi ciency of 35%, brown coal plants typically 
operate in the range of 22% to 32%. New designs have the potential to raise effi ciency to over 40%. More than 98% 
of lignite production occurs in the La Trobe Valley in Victoria where the economic demonstrated resource is 42 billion 
tonnes, giving an economic life at current consumption rates of over 600 years. There are over 100 billion tonnes of 
inferred resources, giving a 1 000 year production horizon. In constant dollar terms, the sector turnover has increased 
by a factor of nine in the last 30 years. Current turnover is about $640 million and involves three enterprises.

Place of Industry in the Economy

The brown coal mining sector ranks 110th out of 135 sectors in terms of value adding in the economy and contributes 
0.09% of GDP in this analysis. It is similar in value adding to the agricultural chemicals, and ‘coins, jewellery, sporting 
goods and toy’ sectors. It is a small employer with less than 500 employment years embodied, both directly and 
indirectly, in the fi nal demand of the sector’s product. In addition it contributes 1 000 employment years to the fi nal 
demand of downstream industries such as electricity production, basic iron and steel, alumina, aluminium and property 
services. It has small resource requirements with less than one tenth of one percent of national water use, land 
disturbance, energy use and greenhouse emissions. In fi nancial terms, imports are approximately equal to exports.

Strategic Overview

The spider diagram reveals a TBL account with positive environmental and economic indicators, but with outliers 
for the three social indicators of employment generation, income, and government revenue. The export propensity 
indicator is less relevant since, apart from the brown coal production embodied in electricity production and then into 
export products, brown coal mining is a local activity not open to export. While brown coal electricity has advantages 
in cost, the downstream implications are that with current technology, brown coal electricity has 25-60% more carbon 
emissions per unit than black coal, and more than three times that of gas combined-cycle generation.



105 Brown Coal (Br) - Balancing Act Volume 2

TBL Account #1

The fi nancial indicator of operating surplus is 60% above average with a direct sector effect of 84% of total, with 1% 
additions from sectors such as railway freight, mining services, electricity generation, and banking. The social indicator 
of employment generation is 65% below average and discussed in more detail below. The environmental indicator of 
greenhouse emissions is 50% below average and has a within sector effect of 32%, and contributions from electricity 
generation (25%), rail freight (9%), diesel refi ning (2%), and basic iron and steel production (1%).

TBL Accounts #2 and #3

The second TBL account shows an export propensity (not particularly relevant in this case) 70% below average, 
income 50% below average, and water use 10% above average. The third TBL account shows import penetration 65% 
below average, government revenue 50% below average, and land disturbance 95% below average. The income and 
government revenue indicators are discussed in more detail below.

Structural Path Analysis and Linkages

The three social indicators of employment generation, income, and government revenue are below average. 
The structural path analysis shows that the direct sector effect is 33% for employment, 48% for income and 56% 
for government revenue. Additional factors are railway freight (7%), services to mining (3%), banking (3%), and 
wholesale trade (3%). This breakdown suggests that social indicator improvements may have to be sought in the 
sector rather than within its supply chain. Brown coal’s price is limited at the coal face by the capital cost of mining 
and transportation equipment, and in the market place by high levels of competition, and national policies to constrain 
electricity prices (especially for long term and large electricity users in energy intensive processing industries). 

The sector’s stimulus to its upstream suppliers is 40% below average and impacts primarily on railway freight, property 
services, wholesale trade, and services to mining. The linkages to downstream industries are double the economy 
wide average and suggest that any expansion in brown coal mining must be led by expansion in key industries that 
use brown coal through its product electricity. The main industries are electricity generation, basic iron and steel 
(electric arc furnace technology), aluminium, property services, and accommodation cafes and restaurants.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates that brown coal mining will double by 2050 and that 
new brown coal electricity generators will achieve 45% thermal effi ciency. Shorter term projections by ABARE suggest 
a more conservative 10% increase in mining by 2020, due to policy constraints, and penetration of the current brown 
coal market share by advanced gas and black coal technologies. There are a number of industry and government 
initiatives aimed at ensuring the continued utilisation of extensive Victorian brown coal reserves. Some of these include 
an accelerated program of geo-sequestration of carbon dioxide emissions in used Bass Strait oil and gas fi elds, and 
the development of a synthesis plant to convert brown coal to low sulphur diesel.

Innovation and Technical Opportunities

Improved lignite de-watering processes offer considerable improvements in the effi ciency of electricity generation 
and a decrease in greenhouse gas emissions. Advanced processes aim to gasify lignite at 800ºC to 900ºC to fuel the 
highly effi cient gas turbine cycle. Other programs focus on geo-sequestration of CO

2
, and a strategic assessment of 

the place of coal in sustainable development.
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Sector 1301: Iron Ores (Io)
Iron ores including treatment; excluding pelletising

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 50% below 
average, while water use and land disturbance are 60% and 95% below average respectively. The social indicators of 
employment generation, income, and government revenue, are 65%, 60% and 40% below average respectively. The 
fi nancial indicator of operating surplus is 55% above average, export propensity is more than fi ve times the average, 
and import penetration is 50% below average. Industry sources note a possible check to export growth in about 30 
years when iron ore stocks low in phosphorus become less available.

Sector Description

Australia produces nearly 190 million tonnes of iron ore annually. Domestic consumption is 11 million tonnes the 
rest is exported in a variety of forms to Japan (42%), China (26%), Korea (15%), and Europe (9%). The economic 
demonstrated resource for iron ore is 12  400 million tonnes giving an economic life of 65 years with current levels 
of production. However there are a further 14 000 million tonnes of sub-marginal and inferred resources which could 
double the proven economic life to 130 years. Australian production levels rank third behind China and Brazil, but 
Russia and Ukraine have large undeveloped resources. Western Australia is the main producer, and haematite 
(Fe

2
O

3
) the main mineral containing about 70% iron. Production is dominated by two companies, Rio Tinto and BHP 

Billiton. Each has just under one half of total production. The iron ores are crushed and benefi ciated near the mines, 
separating the heavier iron from the lighter overburden, to give ore with a high concentration of iron. Rio Tinto’s 
‘HIsmelt’ plant at Kwinana in Perth, and BHP Billiton’s hot briquetted iron plant at Port Hedland, are aimed at value 
adding to iron ores in Australia, and exporting less raw product. In constant dollar terms, the industry has tripled over 
the last 30 years. Current turnover is about $6 billion, and involves 19 enterprises.

Place of Industry in the Economy

The iron ores sector ranks 48th out of 135 sectors in terms of value adding in the economy, and contributes 0.40% 
of GDP in this analysis. It is similar in value adding to the furniture making, and the ‘libraries, parks, museums and 
the arts’ sectors. It is a small employer with 6 000 employment years directly embodied in fi nal demand, and another 
8 000 employment years in the sector’s upstream suppliers, giving a total of 14 000 employment years. In addition, it 
contributes 2 000 employment years to downstream industries such as basic iron and steel to enable them to deliver 
their fi nal demand. The sector has relatively small resource requirements with less than two tenths of one percent of 
national water use, land disturbance, and greenhouse gas emissions, and about three tenths of one percent of energy 
use. In fi nancial terms, exports outweigh imports by 17 times.

Strategic Overview

The spider diagram reveals advantaged indicators for the environmental and fi nancial themes, but a number of 
signifi cant outliers for the social indicators. This signature is typical of many primary metal commodities. It refl ects the 
capital intensity of bulk commodity operations and also the intense global competition based on price, supply continuity 
and quality. Some downstream issues relate to the leakage of fi nancial returns from the mining region to corporate 
centres in Australia and overseas. The question then, is what industries might underpin these regions in 30 to 60 years 
when lower quality ore grades cut in, or low wage competition from overseas prevails.
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TBL Account #1

The fi nancial indicator of operating surplus is 55% above the economy wide average and composed of a dominant 
sector effect (75%), with small contributions from mining services (4%), banking (1%), electricity generation (1%), and 
technical services (1%). The social indicator of employment generation is 65% below average, and discussed in more 
detail below. The environmental indicator of greenhouse emissions is 50% below average and composed of a direct 
effect (29%), and contributions from electricity generation (27%), diesel refi ning (3%), garbage disposal (1%), and rail 
freight (2%). The greenhouse emissions indicator could be reduced further by sourcing lower carbon electricity and 
using more effi cient electrical motors on iron ore benefi ciation plants. Future options may arise if ore shovel and ore 
truck operations are powered by fuel cell drive trains, provided that a hydrogen source and carrier such as methanol or 
a metal hydride, can be obtained from a production cycle with low net greenhouse emissions on a full life cycle basis.

TBL Accounts #2 and #3

The second TBL account shows an export propensity more than fi ve times the average, income 60% below the 
average, and water use 60% below average. Water is used as part of the iron ore benefi ciation process to help 
separate high iron content material from accompanying material. The third TBL account shows an import penetration 
50% below average, government revenue 40% below average, and land disturbance 95% below average.

Structural Path Analysis and Linkages

The social indicators are below average. The structural path analysis shows that the direct sector effect for 
employment generation, income, and government revenue, is respectively 43%, 47% and 49% of the total. This 
suggests that improvement may have to come from within the sector. Other contributions averages across the three 
social indicators include mining services (7%), banking (3%), wholesale trade (2%) and technical services (2%). Given 
the effi ciency of labour use in these sectors, it is unlikely that they will increase in an absolute and proportional sense, 
to allow an overall improvement in the performance of social indicators. Increases in resource rents are theoretically 
feasible, but given the strength of competition globally, the cyclical nature of iron ore prices, and the political strength of 
the dominant companies, resource rent increases seem unlikely.

The sector’s stimulus to its upstream suppliers is 30% below the economy wide average and impacts on services to 
mining, property development and real estate, and wholesale trade. The linkages to downstream industries are also 
weaker than average as most of the industry effect is dissipated by high levels of exports. However there is one strong 
link to the basic iron and steel making sector which processes iron ore for domestic steel consumption and for export.

Future Trends in Sector

In the base case scenario of the Future Dilemmas study, iron ore production doubles by 2050. Current rates of growth 
in production, driven by overall world economic growth and China particularly, suggest that this is feasible. However 
uncertainties abound. Signifi cant shocks downstream of iron ore mining (e.g. constraints in cheap oil availability, 
carbon constraints, metal stewardship programs, material substitutions) could slow the anticipated growth.

Innovation and Technical Opportunities

Regimes of metal stewardship and ‘cradle to cradle’ life cycle manufacturing will require that major iron ore exporters 
such as Australia and Brazil pre-process and/or pre-select ores before shipping so that steel making has high energy 
effi ciencies, and low waste and greenhouse emissions. Unlikely future markets may include ocean fertilisation to 
increase ocean greenhouse gas sequestration.
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Sector 13120010: Bauxite (Bx)
Bauxite mining and cleaning

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 10% below 
average, water use is nearly nine times the average, and land disturbance is 95% below average. The social indicators 
show that employment generation is 50% below average, income is 40% below average, and government revenue 
is 40% below average. The fi nancial indicators show that the operating surplus is 25% greater than average, export 
propensity is equal to average (most exports are from downstream products alumina and aluminium), and the import 
penetration is 25% below average. Bauxite mining faces few resource limits over the next century.

Sector Description

Australia currently produces 54 million tonnes of bauxite ore yearly, 49 million tonnes of which are processed to 
alumina, and 5 million tonnes shipped to overseas processors. Six tonnes of bauxite makes approximately two tonnes 
of alumina which makes one tonne of aluminium. Economic demonstrated resources are 8 700 million tonnes giving 
an economic life at current production levels of over 160 years. These proven resources give Australia fi rst ranking in 
world terms, followed by Guinea, Brazil, Jamaica, China, and India. Currently domestic production is 40% of the world 
total, and is centred on fi ve mines in Weipa in Queensland, Gove in the Northern Territory, and Huntly, Willowdale, and 
Worsley in the Darling Ranges of Western Australia. In constant dollar terms, the sector turnover has increased by 
20% in the last 30 years, despite a fi vefold increase in the volume of physical production. This is possibly due to the 
greater effi ciency of physical production, and the transition of aluminium from a metal with special status to an average 
commodity. Current turnover is about $1.2 billion and involves nine enterprises.

Place of Industry in the Economy

The bauxite mining sector ranks 108th out of 135 sectors in terms of value adding in the economy, and contributes 
0.09% of GDP in this analysis. It is similar in value adding to the confectionery manufacturing, and coins, jewellery 
and sporting goods sectors. It is a small employer with less than 1 000 employment years embodied both directly 
in fi nal demand, and indirectly through its upstream suppliers. In addition, the sector supplies 2 000 employment 
years to the downstream processing industries of alumina production and aluminium smelting. It has relatively small 
resource requirements with less than one tenth of one percent of national energy use, greenhouse emissions, and 
land disturbance, and less than two tenths of one percent of national water use. In fi nancial terms, exports are 
approximately equal to imports. In this embodied product analysis, most of the physical processing liabilities are 
passed on to the value adding stages of alumina production and aluminium smelting, from where the product is sold, 
and thus enters fi nal demand. 

Strategic Overview

The spider diagram portrays a TBL account with signifi cant outliers for the environmental indicators of water and 
primary energy, and the three social indicators of employment, income, and government revenue. Environmental 
issues relating to bauxite mining, especially those of mine reclamation, have been addressed by the development and 
application of leading edge ecologically based approaches. The key downstream issues, outside the scope of this 
analysis, relate to the carbon intensity of the eventual product aluminium, and potential health impacts of emissions 
from alumina and aluminium refi neries.
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TBL Account #1

The fi nancial indicator of operating surplus is 25% above average, and composed of a direct effect of 70%, with 
contributions from services to mining (4%), electricity production (3%), wholesale trade (1%) and communications 
(1%). The social indicator of employment generation is 50% below average with a direct effect of 41%, and a similar 
composition to the surplus indicator. The greenhouse emissions indicator is 10% below average with a direct sector 
effect of 28% and contributions from electricity production (36%), land development (5%) and diesel refi ning (3%). 
Accessing lower carbon electricity could reduce greenhouse emissions.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is average and income is 40% below average. Water use is 
nine times the average and is discussed in more detail below. The third TBL account shows that import penetration is 
25% below average, government revenue is 40% below average, and land disturbance is 95% below average but with 
some effects on local ecosystems. 

Structural Path Analysis and Linkages

Apart from the three social indicators which are outliers in most primary mining sectors due to the capital intensive 
nature of the industry, the issues that warrant analysis in bauxite mining relate to the water use and primary energy 
indicators. The structural pathway for the water indicator shows that the direct sector effect represents 97% of the total 
with minor additions from electricity production, services to mining, and the water delivery sectors. Water is used in 
bauxite mining to dampen strip mine surfaces and reduce blowing dust and to separate dust from bauxite pebbles, so 
purifying the ore and increasing the chemical effi ciency of the alumina production process. Industry sources suggest 
that 500 to 1 000 litres per tonne are required, with this analysis giving 750 litres per tonne. Industry sources also 
suggest that considerable improvements have been implemented in new bauxite washing plants and one mining group 
has reduced its water use from 2 000 litres per tonne of ore treated, to 500 litres per tonne in a three year period. 
The energy outlier is composed of electricity (36%), fuel combusted directly within the sector, presumably mainly for 
mining machines (35%), diesel refi ning (4%), basic chemicals (1%) and wholesale trade (1%). The electricity and 
diesel engine fuel together make up 71% of total energy consumption. Bauxite extraction, treatment and crushing are 
physical activities and energy effi ciency may be approaching the process limit.

The sector’s stimulus to its upstream suppliers is 25% below the economy wide average and impacts on services to mining, 
wholesale trade, electricity supply, and property development and real estate. The linkages to downstream industries are 
10% greater than average and composed of two dominant links to alumina production and aluminium smelting.

Future Trends in Sector

Under the base case scenario of the Future Dilemmas study, bauxite mining may double over the next 50 years, from 
54 million tonnes currently to 110 million tonnes in 2050. This is feasible given the proven stocks of Australian bauxite 
and its record as a reliable low cost supplier.

Innovation and Technical Opportunities

Reducing the water content of bauxite mining is a well progressed management issue, leaving energy and greenhouse 
as the next process challenge. Tests are well underway in Canada of fuel cell powered mining machinery which could 
double the effi ciency of fuel usage, provided that tractable fuels such as methanol were used. Currently fuel cells are 
fuelled by hydrogen or hydride compounds which generally have an indirect or hidden carbon dioxide content, due to 
the method of producing gaseous hydrogen from reforming of natural gas, or from the gasifi cation of coal.
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Sector 13130010: Copper (Co)
Copper concentrates, oxides, precipitates and ores

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 10% below 
average, while water use and land disturbance are 70% and 95% below average respectively. The social indicators 
reveal that income generation is 50% below average, while income and government revenue are both 40% below 
average. The fi nancial indicators show that the operating surplus is 25% above average, export propensity is nearly 
three times the average, and import penetration is 25% below average. Copper stewardship programs may possibly 
develop where copper metal is leased on a regenerative ‘cradle to cradle’ life cycle basis. 

Sector Description

Australia produces about 880 000 tonnes of copper, consumes 190 000 tonnes (22%), and exports 690 000 tonnes 
(78%) annually. Production is dominated by Queensland with six mines and 53% of production, and South Australia 
where Olympic Dam produces 23% of the national total. Australia ranks fourth in terms of world supply behind Chile, 
USA, and Indonesia. Australia has an economic demonstrated resource of 24.3 million tonnes of copper giving an 
economic life of 28 years at current levels of production. There are an additional 34 million tonnes of resource identifi ed 
but not yet fully quantifi ed giving an estimated total resource base of 58.5 million tonnes and a possible resource life in 
excess of 50 years, with future exploration opportunities still to be explored. Worldwide, copper consumption is about 
20 million tonnes of which 75% is derived from virgin metal recently mined and smelted and 25% from recycled scrap. 
Industry sources are confi dent that demand from developing countries will make up the short fall where it is substituted 
by aluminium, glass fi bre and plastic. In constant dollar terms, the sector’s production has tripled in the last 30 years. 
Turnover is currently about $2 billion and involves 14 enterprises.

Place of Industry in the Economy

The copper mining and concentrating sector (smelting is undertaken in the non-ferrous metals smelting sector) 
ranks 97th out of 135 sectors in terms of value adding, and contributes 0.11% of GDP in this analysis. It is similar in 
value adding to the concrete and mortar, and wine and spirit manufacturing sectors. It is a small employer with 1 000 
employment years directly embodied in fi nal demand, and another 1 000 years in the sector’s upstream suppliers, 
giving a total of 2 000 employment years. In addition, it contributes 2 000 employment years to the fi nal demand of 
downstream industries such as non-ferrous metal smelting, electrical equipment, structural metals, and nuts bolts 
nails and springs. It has small resource requirements in an absolute sense, with less than one tenth of one percent 
of national water use, land disturbance, energy use, and greenhouse emissions. In fi nancial terms, exports outweigh 
imports by a factor of 4:1.

Strategic Overview

The spider diagram shows the copper mining and concentrating sector has positive environmental and fi nancial 
indicators, but outliers in the three social indicators of employment generation, income, and government revenue. 
Copper shares this type of TBL profi le with most of the mining commodities which compete on a world market against 
effi cient low wage suppliers. There are downstream issues for copper in its status as a heavy metal, with ecotoxic 
effects when it is liberated to the environment. Metal stewardship approaches may possibly develop where miners and 
recyclers integrate and lease copper products on a ‘cradle to cradle’ life cycle basis.
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TBL Account #1

The fi nancial indicator of operating surplus is 25% above average, and 70% of this total is a direct sector effect with 
additional contributions from mining services (4%), electricity generation (3%), wholesale trade (1%), communications 
(1%) and technical services (1%). The social indicator of employment generation is 50% below average and of that, 
41% is a direct sector effect and a similar makeup to the surplus indicator. The environmental indicator of greenhouse 
emissions is 10% below average with a direct sector effect of 28%, and contributions from electricity generation (36%), 
land preparation (5%), diesel refi ning (3%), basic chemicals (1%), and oil production leading to diesel refi ning (1%). 
Greenhouse emissions could be reduced in two areas: reducing fuel combustion in mining and concentrating and 
by sourcing lower carbon forms of electricity (possibly from natural gas fi red gas turbines). Installing variable speed 
electrical motors, where motor activity responds directly to the load, can reduce electricity consumption by 25% in 
many applications.

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is nearly three times the average and income that is 40% 
below average. Water use is 70% below average but some water extraction is locally signifi cant. The third TBL account 
reveals an import penetration indicator 25% below average, government revenue 40% below average, and land 
disturbance 95% below average.

Structural Path Analysis and Linkages

For the three social indicators, the structural path analysis reveals that the direct sector effects are 41%, 44% and 47% 
for employment, income and government revenue, suggesting that any improvement probably has to come from within 
the sector. In common with the other mining sectors, there are additions from mining services (6%), wholesale trade 
(4%), technical services (2%) and electricity generation (2%), but most of these categories are already well focused 
and effi cient in a low-labour sense and are unlikely to augment these social indicators appreciably.

The sector’s stimulus to its upstream suppliers is 20% below average and impacts on services to mining, wholesale 
trade, electricity production, and property development. The linkages to downstream industries are 40% above 
average due mainly to the non-ferrous metal smelting and products sector, with minor linkages to electrical equipment, 
structural metal products, nuts bolts nails and springs, and government administration.

Future Trends in Sector

Under the base case scenario of the Future Dilemmas study, a mixed basket of metals including copper are 
anticipated to double yearly production by the year 2050 i.e. from 880 000 tonnes currently to 1.76 million tonnes. 
Using the economic demonstrated resource of 24.3 million tonnes and the identifi ed resource of 34.2 million tonnes, 
the doubling of production is physically feasible with the total stock of 58.5 million tonnes exhausted in the year 2047. 
It is assumed that improvements in extraction effi ciency will allow the identifi ed resources to be mined economically, 
and that exploration success from the ‘glass earth’ exploration technologies will identify additional stocks to allow the 
copper sector to continue after the middle of the century.

Innovation and Technical Opportunities

In many industrialised countries it is possible that the economy-wide stock of copper embodied in infrastructure, which 
becomes available during stock turnover and substitution, is suffi cient to form a sustainable source of fully recycled 
copper well into the future. This may impact negatively on copper mining for virgin copper. Copper’s heavy metal 
status will come under more scrutiny, particularly the possibility of bio-magnifi cation as it moves through the food web 
after human use.
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Sectors 13140010 and 13170010: 
Gold and Lead (Gl)
Gold bullion and ores; lead ores and concentrates (excluding silver-lead-zinc)

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 35% below 
average, while water use and land disturbance are 85% and 95% below average respectively. The social indicators 
show that employment generation, income and government revenue are 60%, 50%, and 50% below average 
respectively. The fi nancial indicators show that operating surplus is 10% above average, export propensity is nearly 
six times the average, and import penetration is 40% below average. Gold seems assured of a relatively buoyant 
future with increasing industrial uses as well as its traditional use as a hedge against infl ation, but the large material 
fl ows associated with its extraction may come under more scrutiny. The leakage of lead into the biosphere will catalyse 
whole-of-life stewardship efforts on a cradle-to-cradle basis.

Sector Description

Civilisation’s fascination with gold began over 8 000 years ago and about 145 000 tonnes have been mined since 
2 000 BC. Only 10 000 tonnes of this had been mined up to the Californian Gold Rush in 1848. About 60% of the total 
‘ever mined’ has occurred since 1950, and central banks now hold 32 000 tonnes in stock. Australia has economic 
demonstrated reserves of 5 165 tonnes and yearly production of 260 tonnes giving an economic life of 18-20 years, 
although there is considerable ongoing exploration in both brownfi eld and greenfi eld sites. Australia is ranked third in 
world gold production behind South Africa and USA, and is followed by Russia. The economic demonstrated resource 
for lead in Australia is 17.3 million tonnes and total identifi ed resources are 50.6 million tonnes. Lead production 
is more than 700 000 tonnes annually, giving a current economic life of 25 years. Lead is already the focus of a 
concerted metal stewardship program to substantially increase recovery and recycling rates which are currently low. 
In constant dollar terms, gold has increased by a factor of 40 over the last 30 years, while lead is still at the same level 
after a major peak and decline in the late 1970s. Currently the turnover is about $6 billion and involves 90 enterprises.

Place of Industry in the Economy

The gold and lead sector ranks 40th out of 135 in terms of value adding in the economy, and contributes 0.49% of 
GDP in this analysis. It is similar in value adding to the money market corporation and credit unions sector and the 
railway freight sector. It is a moderate employer with 11 000 employment years directly embodied in fi nal demand, 
and 16 000 years in the sector’s suppliers giving a total of 27 000 employment years. In addition, it contributes 2 000 
employment years to the fi nal demand of downstream industries, particularly non-ferrous metal smelting and products. 
It has moderate resource requirements with nearly one percent of national energy use, one half of one percent of 
greenhouse emissions, and about one tenth of one percent of national water use and land disturbance. In fi nancial 
terms, exports are twelve times the level of imports.

Strategic Overview

The spider diagram shows three outliers for the social indicators, and positive outcomes for the fi nancial and 
environmental indicators. This signature is typical of a primary mining sector. The downstream issues of material 
fl ows associated with gold extraction and lead leakage to the biosphere may require regulatory changes, which could 
increase the labour requirements.
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TBL Account #1

The fi nancial indicator of operating surplus is 10% above average, and shows a direct sector effect of 70% 
with additional contributions from services to mining (4%), electricity generation (3%), wholesale trade (1%), 
communications (1%) and technical services (1%). The social indicator of employment generation is 60% below 
average, and is discussed in more detail below. The environmental indicator of greenhouse emissions is 35% below 
average. It has a direct effect of 13% with contributions from electricity generation (44%), land preparation (6%), diesel 
refi ning (4%), basic chemicals (1%), oil production leading to diesel refi ning (1%), and black coal mining for electricity 
production (1%). Greenhouse emissions, while already below average, could be further reduced by accessing lower 
carbon electricity, possibly from more effi cient gas turbines.

TBL Accounts #2 and #3

The second TBL account shows export propensity is six times the average, income is 50% below average, and water 
use is 85% below average. The third TBL account shows import penetration 40% below average and government 
revenue 80% below average. Land disturbance is 95% below average but mining activities may introduce exotic 
weeds in new locations.

Structural Path Analysis and Linkages

The structural path analysis for the social indicators are all below average and the direct sector effect accounts for 
41%, 44% and 47% of the employment, income and government revenue indicators respectively. The sectors of 
services to mining, and wholesale trade, each contribute 4-5% of the indicators with smaller contributions from non-
building construction, technical services, and electricity generation. Whether these social indicators should be closer to 
the economy wide average is a complex debate. Currently most states levy mineral producers at 3-4% of the ex-mine 
value for their products. In Western Australia, the introduction of this levy to gold production caused a widespread 
debate about the viability issues and prompted the development of a two tier system where smaller producers are 
partially exempted. In an aggregate sense, many nations seek to balance imports and exports for a range of macro 
economic goals. Maintaining a fl ow of competitively price mining exports contributes to this policy, and less than 
average social returns could be seen as part of the trade off between the social goal of employment and the economic 
goal of export income. 

The sector’s stimulus to its upstream suppliers is 25% below the economy wide average and focuses on services to 
mining, wholesale trade and electricity generation. The linkages to downstream industries are 65% below average as 
most of the effect is dissipated by exports, apart from one linkage to the non-ferrous metal smelting and products sector. 

Future Trends in Sector

In the base case scenario of the Future Dilemmas study, gold production is anticipated to remain at around 300 tonnes 
per annum until about 2020 when the price constraints of central banks stocks of gold lift, and gold production then 
increases gradually to 500 tonnes per annum by 2050. This scenario assumed continued exploration success in 
fi nding and proving deeper sources of gold deposits. Lead production, included in a generalised basket of metals, is 
assumed to double by 2050.

Innovation and Technical Opportunities

Expected innovations in personal vehicles may possibly control future demand for both gold and lead. Gold is seen as a 
possible replacement for the rarer metals such as platinum in building fuel cells for vehicle drive trains. Hybrid and hyper-
cars will require increased battery storage and perhaps higher voltages. Advanced lead acid batteries currently have cost 
advantages, and full stewardship of the lead cycle will assist in containing the leakage of lead into the biosphere.
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Sector 13170020: Silver and Zinc (Sz)
Silver and zinc ores

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 25% below 
average, while water use and land disturbance are 40% and 95% below average respectively. The social indicator of 
employment generation is 55% below average, income is 45% below average and government revenue is 50% below 
average. The fi nancial indicators show that operating surplus is 15% above average, export propensity is nearly fi ve 
times the average and import penetration is 30% below average. Zinc appears to have a promising future but the 
stewardship of products during use and at the end of life may have to increase.

Sector Description

Zinc and silver, as mined in ores today, often comes in combination with lead and copper, and the commercial viability 
of any ore body is based on a complex interaction between the ease of extraction and concentration and fl uctuating 
world commodity prices. Zinc is used mainly as a coating in steel beams, sheets, vehicle panels, zinc pigments, 
additives to rubber, and for zinc chemicals in agriculture. Australia leads the world with its economic demonstrated 
resources of zinc (35 million tonnes). When combined with its current yearly production (1.5 million tonnes) this gives 
a reserve to production ratio or economic life of 23 years. There are at least 40 million tonnes of zinc containing ore 
identifi ed by exploration, but not yet fully assessed. While silver is no longer a major constituent of coins, it still has 
many applications in photographic paper and fi lm, electronics, jewellery and tableware. Its use is set to double in 
the next decade in water treatment, and as a biocide and bacteriostat in plastic and textile formulations. The yearly 
production of silver is about 2 000 tonnes per year and with an economically demonstrated resource of 42 000 tonnes, 
this gives an economic life of about 21 years. In constant dollar terms, the sector’s turnover has quintupled over the 
last 30 years and is currently about $1 billion, involveing nine enterprises.

Place of Industry in the Economy

The silver and zinc sector ranks 119th out of 135 sectors in terms of value adding in the economy, and contributes 0.06% 
of GDP in this analysis. It is similar in value adding to the cement manufacture and unmilled barley sectors. The sector 
is a small employer with 1 000 employment years directly embodied in fi nal demand, and another 1 000 years in the 
sector’s upstream suppliers giving a total of 2 000 employment years. In addition, it contributes 500 employment years 
to the fi nal demand of downstream industries, particularly the non-ferrous metal smelting sector. It has relatively small 
resource requirements in absolute terms, with less than one tenth of one percent of national land disturbance, water use, 
energy use, and greenhouse emissions. In fi nancial terms, exports are about eight times the size of imports.

Strategic Overview

The spider diagram portrays a sector with relatively good environmental indicators, excellent fi nancial indicators and 
below average social indicators. This is typical of the basic mining sectors where the social indicators are pressured on 
one side by export orientated production levels and commodity prices in globalised markets, and on the other by the 
need to maintain a continuing supply of suitably trained workers in remote locations. A downstream issue faced by all 
mining commodities is that resource rents and profi ts are not invested in the region of extraction, and so longer term 
benefi ts of mining accrue to areas of capital accumulation in cities, and overseas.
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TBL Account #1

The fi nancial indicator of operating surplus is 15% above average with a direct sector effect of 70% and contributions 
from mining services (4%), electricity generation (3%), wholesale trade (1%) and communications (1%). The social 
indicator of employment generation is 55% below average with a similar composition to the surplus indicator. The 
environmental indicator of greenhouse emissions is 25% below average, with a direct effect of 20% and contributions 
from electricity generation (40%), land preparation (5%), diesel refi ning (3%), and basic chemicals (1%).

TBL Accounts #2 and #3

The second TBL account shows that export propensity is nearly fi ve times the average, income is 45% below average, 
and water use is 40% below average. The third TBL account shows that import penetration is 30% below average, 
government revenue is 50% below average, and land disturbance is 95% below average.

Structural Path Analysis and Linkages

While the social indicators are below average, as noted earlier there are a number of structural issues affecting 
the prices of mineral commodities on the world market that may restrict domestic employment. The direct sector 
effects are 41%, 44% and 47% respectively, for employment generation, income and government revenue. Small 
contributions from wholesale trade (4%), mining services (6%), technical services (2%) and electricity supply (2%), 
emphasise that improvement would be a within sector effort.

The sector’s stimulus to its upstream suppliers is 25% below average and impacts most on the sectors of services to 
mining, wholesale trade, and electricity supply. The linkages to downstream industries are below average, and focused 
on the non-ferrous metal smelting and products sector.

Future Trends in Sector

Under the base case scenario of the Future Dilemmas study, zinc production as a component of the ‘metallic minerals’ 
sector is expected to at least double by 2050. This level of production can be achieved assuming the current economic 
demonstrated resources, zinc containing ore bodies currently unquantifi ed, and exploration success over the next fi ve 
decades. Uncertainties include the substitution of zinc as an anti-corrosion agent by another material, the downstream 
effects of zinc use (see below), and the effect that restrictions on the use of an associated mineral in complex ore 
bodies might have on the fi nancial parameters faced by effective zinc extraction, refi ning and subsequent use in 
consumer products.

Innovation and Technical Opportunities

The importance of zinc as an aid to human health and human infrastructure, as well as its possible toxic effects on 
soil micro-organisms and in water systems, will facilitate a more complete stewardship of the metal from mining 
and smelting, through its many uses in industrialised economies, to its end of life storage, and/or possible renewal 
under ‘cradle to cradle’ life cycle approaches. Zinc enters the environment primarily through runoff from roads (from 
tyres and vehicles), corrosion of zinc coated built infrastructure, and in effl uents from intensive animal production 
such as feedlots, dairies and marine aquaculture. It is often highly bio-available as free zinc ions, and can be spread 
widely through water systems and accumulate in sewage sludge, wetlands, estuaries, and near zinc smelters. The 
stewardship of zinc will be complex because coatings are diffi cult to separate and it interacts with other heavy metal 
complexes. Paradoxically, zinc is a critical input into human, animal and plant health and the fi ne line between 
immediate positive effects and eventual long term negative effects presents a major management challenge.
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Sector Rem. 1302: Other Non-ferrous Metal 
Ores (Uo)
Uranium, nickel, tin, manganese and other non-ferrous metal ores

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 15% below 
average, while water use and land disturbance are 45% and 95% below average respectively. The social indicator 
of employment generation is 55% below average, while income and government revenue are 45% and 50% below 
average respectively. The fi nancial indicators show that operating surplus is 20% above average, export propensity is 
nearly four times the average, and import penetration is 30% below average. Many sector products contribute to the 
fabrication of advanced materials and due to this market’s size, the sector’s future seems assured.

Sector Description

In fi nancial terms, the output of the sector is dominated by nickel (50%) and mineral sands (25%), leaving other minerals 
such as uranium, tin and manganese (25%). Annual levels of production include manganese (2.2 million tonnes), nickel 
(207 000 tonnes), ilmenite or titanium ore (2 million tonnes), rutile (200 000 tonnes), uranium (10 000 tonnes of U

2
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3
), and 

tin (7 000 tonnes). Some commodities may expand several fold over the next two decades. Large mineral sands deposits 
in the Murray Darling Basin could underpin a 300 000 tonnes per annum titanium industry provided that the full value 
chain can be integrated and harmonised within Australian industry. This would require breakthroughs in ore transformation 
and metal refi ning and casting technologies for industrial use of the metal. The nickel industry is currently experiencing 
boom times driven particularly by Chinese industrial demand which is enabling the nickel laterite ores to complement the 
nickel sulphide ore production, on which domestic production has been based. Australia holds one third of the world’s 
uranium reserves and production is currently limited by regulation to four mines, Ranger, Olympic Dam, Beverley and 
Honeymoon. In constant dollar terms, production of commodities in the sector has quintupled over the last thirty years 
except uranium (doubled), rutile (same), and tin (halved). Current turnover is about $3.8 billion and involves 
30 enterprises.

Place of Industry in the Economy

The nickel, manganese, and uranium sector ranks 75th out of 135 sectors in term of value adding in the economy, and 
contributes 0.20% of GDP in this analysis. It is similar in value adding to the bus and tram transport, and services to 
agriculture sectors. It is a small employer with 3 000 employment years directly embodied in fi nal demand, and another 
4 000 years in the sector’s upstream suppliers giving a total of 7 000 employment years. In addition, it contributes 
2 000 employment years to the fi nal demand of downstream industries such as non-ferrous metal smelting and 
products. It has relatively small resource requirements with less than two tenths of one percent of national land 
disturbance, water use and greenhouse emissions and three tenths of one percent of primary energy use. In fi nancial 
terms, exports are nearly seven times the size of imports.

Strategic Overview

The spider diagram portrays a TBL account with outliers for the three social indicators, and with primary energy 
use above average. Below average social outcomes are shared with many mineral commodities which face highly 
competitive world markets, require effi cient and capital intensive plant, and have diffi culty attracting and retaining 
skilled staff in remote mine locations.
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TBL Account #1

The fi nancial indicator of operating surplus is 20% above average and composed of a direct effect of 70% with 
contributions from services to mining (4%), electricity generation (3%), wholesale trade (1%), communications (1%), 
and technical services (1%). The social indicator of employment generation is 55% below average with a direct effect 
of 41% and a composition similar to the surplus indicator. The greenhouse emissions indicator is 15% below average 
and discussed below.

TBL Accounts #2 and #3

The second TBL account shows that the export propensity is nearly four times the average, income is 45% below 
average, and water use is 45% below average. The third TBL account shows that the import penetration is 30% 
below average and government revenue is 50% below average. Land disturbance is 95% below average with some 
downstream contamination issues, particularly long lived in the case of uranium mining.

Structural Path Analysis and Linkages

While the social indicators are below average, they are driven more by decisions made by globalised commodity 
markets than within national boundaries. The greenhouse emissions indicator has a direct sector effect of 28% 
which is overshadowed by electricity generation (36%) and then a diffuse chain of smaller entities such as land 
preparation (5%), diesel refi ning (3%), basic chemicals (1%), oil extraction for diesel refi ning (1%), and black coal 
mining for electricity production (1%). Any activities related to greenhouse emissions should therefore focus on effi cient 
machinery use, electricity use, and the source of electricity. Many mining sites are remote, and for practical purposes 
must rely on stand-alone diesel generators for which there are currently few substitutes. However where a mine is grid 
connected, changing from a black or brown coal electricity source to a gas turbine may be more expensive, but will 
have a lower greenhouse signature particularly if installed onsite to yield combined heat and power. Variable speed 
electric motors for industrial applications have the potential to save 25% of energy use over a wide range of industrial 
applications, according to a recent European Union study.

The sector’s stimulus to its upstream suppliers is 25% below average and impacts on services to mining, wholesale 
trade, electricity production and property development. The linkages to downstream industries are also weaker than 
average and focus on non-ferrous metal refi ning.

Future Trends in Sector

Under the base case scenario for the Future Dilemmas study, most bulk mining commodities will expand threefold 
over the next 50 years, while some of this sector’s products will double. At current rates of production, Australia has 
economically demonstrated reserves of nickel (105 years), uranium (90 years), manganese (30 years), tin (15 years), 
rutile (90 years) and ilmenite (80 years). Many of these estimates are conservative and advances in exploration 
techniques and methods of processing may make many resources now considered economically or physically 
marginal, more accessible. Some science literature suggests that thorium reactors may supersede uranium reactors. 
If all the weapons grade uranium, currently in weapons or warehoused were processed, it could supply the world’s 
nuclear reactors producing electricity until 2030.

Innovation and Technical Opportunities

The key challenge for this and other Australian mineral commodity sectors is to escape the constraints of ore and metal 
production, and make the transition to fabrication and more elaborately transformed components. Advanced markets 
will require products with low embodied greenhouse content. Public perceptions of the short and long term downstream 
risks of uranium use continue.
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Sector 1400: Other Mining (Sg)
Sand, gravel, limestone, clay, gypsum and other construction materials, salt, silica, gemstones, 

phosphates and other fertiliser minerals, and other mining

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicators of greenhouse emissions, water use and 
land disturbance, are respectively 40%, 70%, and 95% below average. The social indicators of employment generation 
and income are 40% and 35% below average respectively, while government revenue is 40% below average. The 
fi nancial indicator of operating surplus is 25% above average, export propensity is 40% above average, and import 
penetration is equal to average. Increasing reuse of defunct building materials, new types of cement and new housing 
designs to reduce embodied emissions may reduce the requirement for sector products.

Sector Description

In fi nancial terms, the turnover of this sector is composed of sand and gravel mining (22%), construction materials such 
as gravel, crushed stone, dimension stone, limestone, and gypsum (44%), and mining of gemstones (diamonds, opals 
and sapphires), silica and talc (34%). Yearly physical production outputs include gravel and crushed stone (100 million 
tonnes), sand (35 million tonnes), limestone (16 million tonnes), gypsum (3.5 million tonnes), salt (10 million tonnes), 
silica (4 million tonnes), talc (170 000 tonnes) and gemstones (value of $740 million of which: diamonds-90%, opals-
8%, sapphires-2%). The basic materials in this sector underpin Australia’s built infrastructure so in a physical sense, 
it is probably one of the more important sectors in the economy. Regional constraints in major cities are emerging as 
gravel and sand pits become worked out, and urban environmental regulations restrict further extraction within city 
boundaries. In constant dollar terms, most product categories in this sector have at least quadrupled in the last 30 
years. Current turnover is around $3 billion, and involves over 400 enterprises.

Place of Industry in the Economy

The ‘other mining’ sector ranks 53rd out of 135 sectors in terms of value adding in the economy and contributes 0.36% 
of GDP in this analysis. It is similar in value adding to the structural metal products, and electrical equipment sectors. 
It is a small employer with 2 000 employment years directly embodied in fi nal demand, and another 5 000 years in the 
sector’s upstream suppliers, giving a total of 7 000 employment years. In addition, it contributes 10 000 employment 
years to the fi nal demand of downstream industries such as non-residential construction, residential building, concrete 
and mortar, plaster products, cement, and stock foods. It has small resource requirements with less than one tenth of 
one percent of national land disturbance, water use, energy use, and greenhouse emissions. In fi nancial terms, exports 
are 60% greater than imports.

Strategic Overview

The spider diagram portrays a reasonable TBL account for the other mining sector, save for three outliers of 
employment generation, income, and government revenue. Part of this is due to the large and physically effi cient 
machinery used for mass material movement within the sector, which requires relatively few operators. In one sense, 
the physical effi ciencies in this sector are passed onto consumers in the form of cheaper building materials, and 
thereby affordable housing. Some obvious downstream issues include the reclamation of quarry areas but this issue is 
frequently turned to advantage in the form of waterside estates in urban areas. A move towards the recycling of defunct 
building materials instead of landfi lling may increase the labour requirements in the sector.
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TBL Account #1

The fi nancial indicator of operating surplus is 25% above the average, and is dominated by a direct sector effect of 
66%, and receives minor contributions from road transport (3%), wholesale trade (2%), communications (1%), diesel 
refi ning (1%) and services to mining (1%). Given the data constraints of an aggregated sector, it is diffi cult to ascertain 
whether the majority of the profi ts come from the large volumes of bulk materials such as stone, or the minor volume 
but high value products such as gemstones. The social indicator of employment generation is 40% below average, 
and has a similar composition to the surplus indicator which is discussed in more detail below. The environmental 
indicator of greenhouse emissions is 40% below average. It has a direct sector effect of 40% (mostly fuel used by 
sector machinery) and contributions from diesel refi ning (7%), road transport (4%), land preparation (3%), electricity 
production (3%), oil extraction (2%), wholesale trade (2%) and lime production (2%).

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is 40% above average, income that is 35% below 
average, and water use that is 70% below average. The third TBL account shows the import penetration as average, 
government revenue as 40% below average, and land disturbance as 95% below average. Attempts to improve social 
indicators could reduce the operating surplus, and would fl ow on to building and construction costs and affordability.

Structural Path Analysis and Linkages

The social indicators of employment generation and income are below average. The structural pathways reveal that 
around one third of each indicator is a direct sector effect, with additional contributions from road transport (8%), 
wholesale trade (7%), heavy machinery (2%), services to mining (2%) and a long chain of minor additions. Given 
the diverse structural paths of these two indicators, there is not a simple way to improve them, especially given the 
competitive pressure on product prices, labour being a signifi cant component, from the downstream industries.

The sector’s stimulus to its upstream suppliers is equal to the economy wide average and impacts on road transport, 
wholesale trade, and property development. The linkages to downstream industries is 50% stronger than average, and 
suggests that any expansion in the industry must be led by expansion in obvious sectors such as residential and non-
residential construction, concrete and mortar, plaster products, cement manufacture, and basic iron and steel smelting.

Future Trends in Sector

Under the base case scenario of the Future Dilemmas study with 25 million people by 2050, the requirement for 
concrete and bricks will be about 5% lower than today. This will feed back to the basic ingredients such as sand, 
gravel, clay, and limestone. This is based on the assumption that houses and commercial buildings have a similar 
composition to today’s built infrastructure. The main reason for the decline is the stability of the human population 
at 2050 in this scenario, where births plus immigration equals deaths plus emigration. Without the strong driver of 
population growth, and apart from some regional growth centres, the building stock dynamics will have moved into 
equilibrium with the populations dynamics. In addition to population growth, uncertainties include material mass and 
composition of buildings and roads, and resource taxation.

Innovation and Technical Opportunities

Current policy in the OECD to introduce material fl ow analysis as one measure of a nation’s sustainability, may impact 
heavily on this sector, particularly if taxes on large material fl ows are introduced. Onsite recycling is increasing. 
Industrial ecology may deliver new geopolymer cements.
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Sector 1500: Services to Mining (Mn)
Petroleum and mineral exploration and services to mining

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicators of greenhouse emissions, water use and 
land disturbance, are respectively 75%, 50%, and 95% below average. The social indicators reveal that employment 
generation is 40% below average, income is 15% above average, and government revenue is 15% below average. 
The fi nancial indicators show that operating surplus is equal to average, export propensity is 70% below average, and 
import penetration is 20% below average. The sector’s technological challenge is to mould several billion years of 
continental evolution and mineralisation, 150 years of European mining history and the evolving science of informatics, 
into the precise identifi cation of high grade mineral resources.

Sector Description

In fi nancial terms, the sector is dominated by fi rms which service mining activity or undertake mining operations 
on contract (64%), in-house petroleum exploration (21%) and in-house mineral exploration (15%). The mining 
contracting component of the sector is growing strongly as most major mining houses outsource physical mining to 
specialist engineering fi rms. The activity in the sector is highly variable and can be driven by market sentiment, the 
depletion of resource stocks, ‘bull’ market conditions for a particular commodity, and institutional arrangements such 
as tax concessions. As a measure of yearly exploration activity in petroleum, there are currently 80 000 km of 2D or 
areal seismic lines (mostly offshore), 12 000 sq km of 3D or volumetric seismic lines (75% offshore) and about 130 
exploration wells drilled. Mineral industry sources note concerns with current levels of exploration, which are relatively 
static after a small peak in the mid-1990s. Increasingly, exploration will be based on informatics rather than fi eld 
survey, but it requires a blending of new theories of landscape evolution and mineralisation, advanced data mining 
and visualisation techniques, with ready access to on-ground reality checking. In constant dollar terms, the turnover of 
the sector has quintupled over the last 30 years with a peak and then a decline in the late 1970s and early 1980s. The 
current turnover is about $5 billion, and involves 300 enterprises.

Place of Industry in the Economy

The services to mining sector ranks 51st out of 135 sectors in terms of value adding in the economy, and contributes 
0.38% of GDP in this analysis. It is similar in value adding to the structural metal products, and the pumps bearings 
and air conditioning sectors. It is a small employer with 7 000 employment years directly embodied in fi nal demand, 
and another 8 000 years in the sector’s upstream suppliers giving a total of 15 000 employment years. In addition, it 
supplies 6 000 employment years to the fi nal demand of the downstream industries it serves, such as gold and lead, 
iron ore, copper, black coal, uranium and nickel, and crude oil. In fi nancial terms, the import to export ratio is 23:1, 
although recent trends in the industry, responding to downturns in domestic exploration, see many companies focusing 
on overseas opportunities and exports of services.

Strategic Overview

The spider diagram reveals a reasonable TBL account with a small outlier for employment generation and a larger one 
for export propensity. The social indicators are perhaps less of an issue because of the capital intensity of petroleum 
exploration, and because government revenue is generated downstream from exploration when resource rents are 
extracted on mining revenues. Export propensity is improving as Australian expertise is called on by global mining 
operations.
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TBL Account #1

The fi nancial indicator of operating surplus is equal to average and has a direct sector effect of 62%, with contributions 
from technical services (14%), and security broking (2%). The social indicator of employment generation is 40% below 
average and is discussed in more detail below. Greenhouse emissions are 75% below average and show an extended 
chain with a direct effect of 11%, and contributions from basic iron and steel (8%), diesel refi ning (7%), electricity used 
by technical services (5%), cement manufacture (4%), electricity generation (3%), airline travel (2%), oil production 
leading to diesel refi ning (2%) and water transport (2%).

TBL Accounts #2 and #3

The second TBL account reveals an export propensity 70% below average, income 15% below average and water use 
50% below average. The third TBL account shows import penetration 20% below average, government revenue 15% 
below average, and land disturbance 95% below average. While the land disturbance indicator is minimal, a number 
of downstream issues relating to increased access and ingress of weeds, are noted in environmental reports and are 
actively managed in exploration activities. Ocean seismic activities are claimed to disrupt communication by whales 
and attempts to minimise potential impacts are increasingly part of exploration protocols.

Structural Path Analysis and Linkages

For employment, the structural path analysis shows that the direct sector effect is dominant at 44% of the total with 
technical services (21%), accommodation (2%), business services (2%), legal and accounting (1%) and wholesale 
trade (1%). Export propensity is dominated by technical services (17%), followed by the direct effect (9%), airline travel 
(4%), diesel refi ning (4%), basic iron and steel (4%), water transport (3%) and wholesale trade (3%). Improving the two 
indicators is most likely a within sector challenge. A number of government and industry reports highlight institutional 
barriers such as access to exploration land, taxation arrangements for spreading risk, and the lack of pre-exploration 
data, which must be overcome to stimulate and maintain exploration activity.

The sector’s stimulus to its upstream suppliers is 25% below average as much of the activity is self resourced, from 
within the sector. There are upstream impacts on scientifi c and technical services, legal accounting and marketing, and 
wholesale trade. The linkages to downstream industries are 15% below average, and feature gold and lead, iron ore, 
black coal, crude oil, and base metals.

Future Trends in Sector

The base case scenario of the Future Dilemmas report anticipates that total mineral production will increase by a 
factor of three by 2050, driven by strong and continuing export demand. In a pro-rata sense, this sector’s activities are 
expected to mimic this growth. As resources such as domestic oil and gas become constrained over the next 20-40 
years, exploration activity may increase several fold as the search intensifi es, until dry holes and low reserve quality 
cause petroleum exploration to decline. Other uncertainties include the issue of future carbon constraints affecting 
demand for fossil fuels, and ‘cradle to cradle’ minerals stewardship where virgin minerals are displaced by recycled 
metals, thus reducing the need for exploration success in locating new deposits.

Innovation and Technical Opportunities

The exploration literature sees a critical requirement for the integration of the many sub-disciplines related to geology, 
exploration, and mining into a fl uent and functioning ‘whole’. Many individual programs are being focused on sensing 
in 3D up to 1000 metres below the surface, overcoming the non-detectability of key minerals, deep sea mineral 
prospecting, using nano-machines to explore and mine, and fi nally the tension of discovering too much and thereby 
reducing the fi nancial returns.
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Sector 2101: Meat Products (Mp)
Fresh, chilled or frozen meal for human consumption, edible offals, rendered lard, raw hides and 

skins, blood meat, slaughtered poultry, bacon, ham and smallgoods

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is over 11 times 
the average, water use is 8 times the average, and land disturbance is 26 times the average. The social indicators 
show that employment generation is 35% greater than average, income is 10% below average, and government 
revenue is 25% below average. The fi nancial indicators show that operating surplus is 15% greater than average, 
export propensity is more than three times the average and import penetration is 50% below average. There are 
a number of national accounting issues that could, if reconciled, improve the land disturbance and greenhouse 
indicators. Certifi cation of meat from lower impact production systems may give market advantage.

Sector Description

In fi nancial terms the sector’s turnover is dominated by the processing of beef and sheep meats (65%), poultry (22%) 
and pig meats (13%). Australia produces over 2 million tonnes of beef annually, consumes 730 000 tonnes and 
exports 1.4 million tonnes. Sheep meat production is 340 000 tonnes annually of which 220 000 tonnes are consumed 
domestically, and 120 000 tonnes exported. Annual production of pig meat is 400 000 tonnes, while poultry is 
740 000 tonnes. Per capita consumption is 37 kg for beef and veal, 15 kg for lamb and mutton, 21 kg for pig meat and 
36 kg for poultry. In constant dollar terms over the last 30 years, fresh meat has tripled at the expense of preserved 
meat which has halved, while poultry has increased by 60%, and its by-products have remained nearly stable. 
Turnover is currently about $14.6 billion and involves over 800 enterprises.

Place of Industry in the Economy

The meat products sector ranks 45th out of 135 sectors in terms of value adding in the economy, and contributes 0.46% 
of GDP in this analysis. It is similar in value adding to the sheep and shorn wool, and the nuts bolts nails and springs 
sectors. It is a large employer with 38 000 employment years directly embodied in fi nal demand, and 115 000 years in 
the sector’s upstream suppliers, giving a total of 153 000 employment years, or over two percent of the national total. 
In addition, it contributes 13 000 employment years to the fi nal demand of downstream industries such as retail trade, 
accommodation and restaurants, and other human and stock foods. It has extremely large resource requirements with 
41% of national land disturbance, 13% of water use, 18% of greenhouse emissions and 1% of energy use. In fi nancial 
terms, exports are 100 times the size of imports.

Strategic Overview

The meat products sector reveals a challenging TBL account with spikes for the environmental indicators of land 
disturbance, water use and greenhouse gas emissions. Against these, it has excellent outcomes for the fi nancial 
indicators, a higher than average employment generation most of which is in regional areas, and an average income. 
A large proportion of the environmental indicators are due to forage production systems embodied in beef and 
sheep production. Moderating these environmental resource intensities may require production and consumption 
adjustments. Improving meat production systems and increasing basic prices of meat products are both possible. 
Radical methods of environmental valuation suggest that beef is undervalued in money terms by a factor of 5-10, if the 
value of the ecosystem goods embodied in its production chain are included. Debate could focus on balancing market 
prices and the environmental costs of meat production.
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TBL Account #1

The fi nancial indicator of operating surplus is 15% above average with a direct sector effect of 9% and contributions 
from beef cattle (37%), sheep farming (5%), poultry farming (4%), road transport (4%), pig farming (2%), fodder 
production (1%) and wholesale trade (1%). The social indicator of employment generation is 35% above average with 
a direct effect of 25%, and a composition similar to the surplus indicator. The environmental indicator of greenhouse 
emissions is 11 times the average and is discussed in more detail below.

TBL Accounts #2 and #3

The second TBL account reveals that export propensity is more than three times the average, income is 10% below 
average, and water use is eight times the average. The third TBL account shows that import penetration is 50% below 
average, government revenue is 25% below average, and land disturbance is 26 times the average. The water and 
land indicators are discussed below.

Structural Path Analysis and Linkages

The three environmental indicators are well above average. The structural pathway for greenhouse gas emissions is 
dominated by beef cattle production (86%) with small contributions from sheep production (3%), land development 
(2%), and pig production (1%). The emissions from the beef production chain are two thirds attributable to land 
clearing in northern Australia, and one third methane emissions from gut fermentation. The water indicator is 
dominated by beef cattle (78%) from irrigated pasture and fodder crops with minor contributions from cotton growing 
(5%) for cottonseed meal, sheep farming, hay growing (2%), and a direct sector effect of 1%. The land disturbance 
indicator is dominated by beef cattle (88%), with 10% due to sheep grazing.

The sector’s stimulus to its upstream suppliers is 75% greater than average and impacts on beef cattle, road transport, 
wholesale trade, poultry farming, sheep farming, pig farming, accounting and marketing and property development. 
The linkages to downstream industries are 65% weaker than average and most output is dissipated by domestic 
consumption and exports. Weak downstream linkages suggest that any expansion in the sector should be led by 
expansion in export opportunities for processed meat.

Future Trends in Sector

The base case scenario of the Future Dilemmas study, with 25 million people by 2050, anticipates that total production 
of the four meats in this sector will increase by 50%. About one half of this is due to growth in domestic population and 
inbound tourism, and the other half to expansion in export trade, particularly for beef exports to the Pacifi c Rim trading 
partners. Much of this is based on the assumption that we will maintain our total meat consumption at around 110 kg 
per capita per year, while allowing for changes in market share of different meat types. There are several sources of 
uncertainty relating to the human health and the environmental impacts of intensive animal production systems. These 
could drive change to a more vegetarian diet. A buoyant export market might increase domestic consumer prices. 
Changes to more biological or pseudo-organic production systems may elevate some meats to high priced high return 
boutique items, consumed infrequently.

Innovation and Technical Opportunities

There is a trend in the ecological scientifi c literature to question the size and sustainability of many meat production 
systems, in the light of the land, energy and water resources devoted to their maintenance and expansion. Allied 
with this is the expected ‘animal revolution’ in South East Asia where a rising standard of living and large populations 
promise a boom for meat producers. Certifi ed production systems based on forage and perceived as healthy will retain 
a market position.
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Sector 2102: Dairy Products (Dp)
Milk, cream, butter, cheese, whole milk drinks, ice cream, yoghurt and other dairy products

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is more than 
twice the average, water use is more than 15 times the average and land disturbance is 20% above average. The 
social indicators show employment generation is equal to average, while income and government revenue are 
20% and 25% below average respectively. The fi nancial indicator of operating surplus is 20% above average and 
export propensity is more than twice the average, while import penetration is 40% below average. This TBL account 
suggests a number of challenges but has much in common with many Australia food and fi bre sectors producing for 
domestic consumption and export markets. TBL outcomes could be improved through a two-pronged strategy whereby 
production innovations are sought at the same time as price adjustments and product labelling drive change in 
household consumption decisions. The dairy products sector appears set for a period of sustained evolution as product 
ranges diversify and add value through health giving properties and lifestyle choices.

Sector Description

The dairy products sector receives un-pasteurised whole milk from the dairy cows sector as the feedstock for 
manufacturing. It processes almost 12 billion litres of milk with exports accounting for 51%, drinking milk 19% and milk 
products 30%. Most manufacturing milk is used for cheese (41%) and butter (32%). Australia has fi fteen integrated 
dairy companies: six of these are multinationals and the remainder based on a cooperative structure. Australia has 
12% of the global export dairy market with New Zealand (31%) and Europe (38%) being the major players. The current 
farm gate value of milk production is $3.4 billion. Australians consume 100 litres of milk, 3 kg of butter, 11 kg of cheese 
(9 kg made locally) and 3 kg of milk powder per capita each year.

Place of Industry in the Economy

The dairy products industry ranks 59th out of 135 in value adding terms in the Australian economy, and contributes 
0.29% of GDP in this analysis. By comparison it is four times the size of the cement manufacturing sector, one third 
the size of basic iron and steel and one sixth the size of the road freight sector. It is a moderate sized employer with 
a direct requirement of 10 000 employment years and another 53 000 employment years in the sector’s suppliers, 
giving a total of 63 000 employment years. In addition it contributes 4 000 employment years to the fi nal demand 
of downstream sectors. The sector is responsible for nearly 15% of national water use, 2% of national greenhouse 
emissions and 1% of national energy use and land disturbance. In fi nancial terms, exports are fourteen times the size 
of imports.

Strategic Overview

The sector’s spider diagram shows two outliers for the environmental indicators of water use and greenhouse 
emissions. Upstream issues for the sector include water use in, and effl uents and emissions from diary production 
systems. The key downstream issues focus on tensions between the many positive dietary properties of milk products 
and some negative health effects from inappropriate consumption levels. However, the sector is one of the food 
industry’s leaders in product development and diversifi cation, with niche products focused on every conceivable dietary 
requirement. Reducing the water indicator by moving to production regions of high rainfall or changing to grain diets is 
feasible, but may increase the land disturbance indicator.
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TBL Account #1

The fi nancial indicator of operating surplus is 20% above the economy wide average with one fi fth of that a direct 
effect of the sector. Whole milk from dairy farms contributes most of the surplus (29%) supplemented by a long 
chain of minor contributors such as wholesale trade (2%), road freight (2%), sugar (2%), plastic products (1%) and 
marketing (1%). The social indicator of employment generation is equal to average with one sixth of that a direct effect. 
Greenhouse emissions are more than twice the average with only one tenth due to energy use in the manufacturing 
plant. This highlights the limitations of cleaner production and energy effi ciency initiatives focused on activities within 
manufacturing plants. Most emissions are due to methane from dairy cows and effl uent, and nitrous oxide emissions 
from pasture fertilisers. Broadening the boundaries of environmental analysis and attributing some responsibility to the 
product consumer, rather than just the producer, may stimulate a number of future policy challenges.

TBL Accounts #2 and #3

The second TBL account reveals an export propensity more than twice the average, income 20% below average and 
water use over fi fteen times the economy wide average. The third TBL account shows import penetration 40% below 
average, government revenue 25% below average and land disturbance 20% above average. These two accounts 
show positive fi nancial outcomes but room for improvement in the social and environmental outcomes.

Structural Path Analysis and Linkages

The greenhouse emissions chain shows that dairy cattle and grazing practices on farm are responsible for 56% of 
emissions followed by direct energy use in factory (4%), electricity use in the factory (3%), electricity on farm (3%), 
land development (2%) and chemicals for plastic packaging (1%). The remaining 30% of emissions are contributed 
by many hundreds of products and suppliers in the production process. For the water indicator, three litres of the total 
of 650 litres is used in factory. Irrigation water on farm accounts for 81% of the total with minor contributions from 
cottonseed meal, the by-product of sugar molasses, and vegetable and fruit growing (1% each).

A decision to invest in the sector gives a weak downstream linkage to the sector of accommodation, cafes and 
restaurants sector. Thus apart from exports, production stimulated from extra capacity can only be absorbed by extra 
personal consumption and thus has a relatively narrow base. Increasing consumer demand gives one of the strongest 
upstream stimuli to sectors seen in this analysis.

Future Trends in Sector

The CSIRO Future Dilemmas study sees a doubling in milk production (to 20 billion litres) and therefore milk products 
by 2050, driven mostly by international trade, particularly with new products for emerging markets in South East Asia. 
This is uncertain due to the dynamics of world trade, particularly with the current ‘structural surplus’ of 15-20 billion 
litres of milk in the EU.

Innovation and Technical Opportunities

At least four issues seem set to guide the paths of innovation in the dairy products sector. The health promoting 
aspects of dairy products (especially for ageing populations) need to be balanced against toxic products and nutrient 
overload that may arise from intensive production systems. The increasing use of the dairy chain as a base for 
pharmaceuticals production will evolve with the genetic engineering of key bacteria and the development of more 
pro-biotic foods. Moves to a greater product diversity made and delivered more frequently will use more energy and 
materials, but might also increase labour use and profi ts. Finally the sector may evolve from a price taking product 
chain to a value chain where products are purchased for image and health properties.
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Sector 2103: Fruit and Vegetable Products (Fp)
Processed vegetable and fruit products including juices, frozen, dried and canned food, pasta 

and prepared salads

Short Summary

The fruit and vegetable products sector provides a reasonable environmental account with greenhouse emissions 
5% below average, land disturbance 35% below average and water use over twice the average. Nearly half the 
water indicator is an indirect effect due to the supply of raw materials from the vegetable and fruit growing sector. 
Employment generation is 20% below average and income and government revenue are both 15% below average. 
The sector’s fi nancial indicators show operating surplus and export propensity are 10% and 45% above average 
respectively while import penetration is 30% below average. The sector shows weak downstream linkages with a 
small effect on the accommodation café and restaurants sector. Increased consumer demand strongly stimulates 
upstream suppliers such as vegetable and fruit growing, plastic and steel containers, wholesale trade, road freight and 
marketing. Both government revenue and water use indicators could be improved if the embodied water content of the 
sector’s products were subject to a resource use levy delivered through best practice full cost pricing for water. This 
would shift the cost of maintaining and improving national water resources from government to consumers. However 
processed food is a nutritional staple in many lower income households and the social and distributional effects and 
dietary impacts of resource pricing would need to be considered.

Sector Description

The sector includes processing of fruits and vegetables and produces a wide range of frozen, dried, canned and partly 
prepared products. Weight or volumetric measures are diffi cult to obtain but major components by fi nancial value 
include fruit juices (25%), frozen vegetables (17%), preserved fruit (15%), sauces (8%) and jams (7%). The sector has 
a strong regional orientation with about half of the factories and employment located outside major urban areas. In 
2002, the turnover was $4.4 billion and involved over 200 enterprises.

Place of Industry in the Economy

The sector is a relatively small one in terms of value adding in the economy ranking 71st out of 135 and contributing 
0.21% of GDP in this analysis. While the food industry in total is a large generator of employment, this particular sector 
generates 30 000 employment years of which 8 000 are used directly and 22 000 are located in the sector’s suppliers. 
It has a moderate requirement for environmental resources with one percent of national water use, one half of one 
percent of national energy use and greenhouse emissions, and one fi fth of one percent of national land disturbance. 
Exports are three times imports in fi nancial terms.

Strategic Overview

The integrated overview in the spider diagram shows a reasonably balanced TBL outcome with one outlier for water 
use and three below average indicators of government revenue, employment generation and income. The key 
upstream issues for the sector relate to embodied water use and land sustainability issues and the long term effect 
of current agricultural production systems on the health of process workers (particularly itinerant fruit and vegetable 
pickers). Downstream issues include the composition of processed food, the loss of nutritional value particularly 
vitamins and micronutrients, and the part that convenience food and time-poor lifestyles play in emerging population 
health issues such as obesity and diabetes.
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TBL Account #1

The fi nancial surplus is 10% above average. About two fi fths is a direct effect with contributions from vegetable and 
fruit growing (8%) and road transport, steel containers, glass products and wholesale trade (2% each). The social 
indicator of employment generation is 20% below average refl ecting the increasingly automated and capital intensive 
nature of the food chain, as well as strong competition from a globalised marketplace. The greenhouse emissions 
indicator is 5% below average with a direct effect of 10% and contributions from electricity (11%), vegetable and fruit 
growing (7%), land development (4%), beef cattle (4%), steel making (3%) and sugar refi ning (3%). 

TBL Accounts #2 and #3

In the second TBL account, the export propensity is 45% below average, income is 15% below average and water use 
is more than twice the average. In the third TBL account, import penetration, government revenue and land disturbance 
are respectively 30%, 15% and 65% below average.

Structural Path Analysis and Linkages

The structural path analysis for water use shows an extended chain with the water in the raw product (from the 
vegetable and fruit growing sector) being the largest at 40% of the total. The direct effect is 13%, and then rice (10%), 
dairy (4%) sugar (3%), grains and water delivery (2% each).

Increases in consumer demand show strong upstream linkages to sectors such as vegetable and fruit growing, plastic 
products, steel containers, wholesale trade, road freight and marketing. The sector shows extremely weak downstream 
linkages being dissipated by personal consumption and exports.

Future Trends in Sector

Trade policies will increasingly target affl uent countries or classes on the Pacifi c Rim for high value processed 
products, while average quality products will concentrate on water constrained countries such as the Middle East, 
South Korea, Taiwan and Singapore. Exchanges based on bartering as well as traditional fi nancial forms may enable 
large food processors to broaden their business base. While the future demarcation between fresh and processed 
foods remains uncertain, on the assumption that Australians will retain a similar dietary composition, the Future 
Dilemmas study anticipates an expansion of processed food by 25-35% in line with population growth and tourism.

Innovation and Technical Opportunities

A range of current eco-effi ciency initiatives in food processing aim to reduce water use from three to one half tonnes 
per tonne of fruit processed, and to reduce energy use per unit by 30%. Tensions between the marketing goals of the 
food processing and fresh food sectors will continue, although they may be owned by the same companies. The ageing 
of Australia’s population will enhance the focus on processed foods that are delicious, easy, health enhancing, cancer 
preventing, allergy neutral, rich in antioxidants, GM free, from biological or non-chemical production systems, with a 
low embodied energy and water content, having a regional identity that links to images of Australian farms and farmers 
and contributing to the economic and social vitality of rural communities. While in total these requirements may seem 
excessive, the average product will produce an average return, and may soon disappear from the consumption basket 
of contemporary shoppers. New production technologies (eg pulsed electric fi eld and high pressure preservation) will 
avoid heat treatment where possible, to retain taste and active ingredients. Chilled and minimally processed food will 
include ‘shelf life decision systems’ that report on toxicity and spoilage. Production chain information may become part 
of labelling requirements to support traceability from ‘paddock to plate’. Residues from processing will increasingly be 
re-processed to new products such as functional food ingredients, fruity food fl avours and waste bio-adsorbants.
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Sector 2104: Oil and Fats (Of)
Crude vegetable oils, oil cake, refi ned vegetable and animal oils, acid oils and margarine

Short Summary

Against the metric of one dollar of fi nal consumption, the environmental indicators of greenhouse emissions and 
water use are 40% and 50% above average respectively while land disturbance is two times the average. The 
social indicators of employment generation, income and government revenue are respectively 40%, 30% and 30% 
below average. The fi nancial indicator of operating surplus is 5% below average, while export propensity and import 
penetration are 40% and 30% above average respectively. Industry strategic plans, which aim to replace imports 
substantially, may advantage some social and fi nancial indicators, but may disadvantage environmental indicators as 
more crop production and processing takes place domestically.

Sector Description

Australia consumes about 550 000 tonnes of oils and fats annually including 100 000 tonnes each of the soft 
saturated oils palm oil and tallow. The retail sector provides 185 000 tonnes annually for private consumption, and the 
commercial and food preparation sectors use the remaining 365 000 tonnes. The strategic aims set by the industry 
include the import replacement of palm oil, sunfl ower oil, olive oil and soy meal. For raw materials, Australia produces 
about 2 million tonnes of canola seed, and 100 000 tonnes each of sunfl ower and soybean grains. Currently more than 
9 million olive trees have been planted across Australia, and while annual domestic production is now 1 000 tonnes, it 
has the potential to reach 30 000 tonnes later in the decade, and eventually 50 000 tonnes. Currently 30 000 tonnes 
of olive oil are imported annually. The yield of oil from seed or fruit is variable and quoted at 40% for canola, 20% for 
olives, 35% for sunfl owers and 20% for soybeans. On a per capita basis, Australians purchase around fi ve kg of table 
margarine and two kg of vegetable oils per annum. For domestic cooking oil sales, canola oil, olive oil and blended 
mixes make up 30% each. In constant dollar terms, the turnover of the oil and fats sector has doubled in the last 30 
years, and is currently around $2.2 billion and involves 30 enterprises.

Place of Industry in the Economy

The oil and fats sector ranks 125th out of 135 sectors in terms of value adding in the economy and contributes 0.05% 
of GDP in this analysis. It is similar in value adding to the footwear, and petroleum refi nery products sectors. It is a 
small employer with 500 employment years directly embodied in fi nal demand, and another 3 000 employment years 
in the sector’s upstream suppliers, giving a total of 3 500 employment years. The sector has relatively small resource 
requirements with between one tenth and two tenths of one percent of national land disturbance, water use, energy 
use, and greenhouse emissions. In fi nancial terms, the import export ratio is 2:1.

Strategic Overview

The spider diagram shows the sector’s environmental indicators are well above average, and all of the social indicators 
are below average. The relatively high levels of import penetration, particularly for soft oils may fl ow onto below 
average outcomes for employment generation and income. However higher imports also advantage some of the 
environmental variables, as growing and processing takes place overseas. Strategic goals set by the industry aim to 
redress some of the oil import issues, and these may play out over the next decade. There are downstream issues for 
the sector related to excessive fat consumption in human diets and subsequent health impacts from the obesity ‘crisis’. 
The fat in consumer products is a production chain issue which can be managed.
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TBL Account #1

The fi nancial indicator of operating surplus is 5% below average with a direct sector effect of 39% and contributions 
from oilseed growing (4%), wholesale trade (3%), beef cattle (2%), forwarding and storage (2%), plastic products (2%) 
and road transport (2%). The social indicator of employment generation is 40% below average with a direct sector 
effect of 13%, and a composition similar to the surplus indicator. This outcome may refl ect the capital intensity of oil 
extraction plant, as well as the high level of imports. The greenhouse indicator is 40% above average, and is described 
in more detail below.

TBL Accounts #2 and #3

The second TBL account shows an export propensity 40% above average, an income indicator 30% below average, 
and a water indicator 50% above average. The third TBL account reveals import penetration 30% above average and 
government revenue 30% below average. The land disturbance indicator is twice the average. The effects due to 
rainforest clearance for imported palm oil are outside the scope of this analysis. 

Structural Path Analysis and Linkages

The environmental indicators of greenhouse emissions, water use, and land disturbance are all above average. The 
structural path for greenhouse shows that it has a direct sector effect of 15% with a major effect from the ‘beef cattle-
meat products-oil products’ chain of 35%, and additional contributions from electricity production (7%), other foods 
(3%), oil seed growing (2%), the ‘sheep-meat products-oil products’ chain (1%), and ‘basic chemicals-plastic products-
oil products’ (1%). A simple accounting for the emissions embodied in imports increases the greenhouse intensity to 
50% above the average, or another 10%. The direct effect for the water indicator is 14% of the total with contributions 
from ‘beef cattle-meat products-oil products’ (22%), oil seed growing (13%), sugar growing (7%), cotton growing (6%), 
dairy products (3%), rice growing (1%), and water delivery (1%). The land disturbance indicator is dominated by beef 
and sheep meat production (63%) which supply tallow to the oil products sector as a by-product, with contributions 
from oil seed growing (19%) and a diffuse chain of minor contributions. Thus animal production contributes signifi cantly 
to the three environmental indicators. For an individual fi rm, a focused procurement program may be a simple way to 
reduce the environmental intensity of its products.

The sector’s stimulus to its upstream suppliers is 30% higher than average and impacts on wholesale trade, road 
transport, oil seed growing, accounting and marketing, meat products and other foods. The linkages to downstream 
industries are 25% weaker than average and part of the infl uence is dissipated by domestic consumption. The 
downstream effect also suggests that any expansion in this sector needs to be led by expansion in sectors such as 
other foods, accommodation cafes and restaurants, retail trade, and bakery products.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates a 60% increase of non-petroleum oil requirements 
by 2050. This is driven by growth in domestic population, inbound tourism, and increased exports of processed 
foods. Additional expansion could be driven by increased bio-diesel production and an ‘extra virgin’ olive oil industry 
producing out of season for European markets which replicates the quality focus of our wine industry. Food faddism is 
a key uncertainty.

Innovation and Technical Opportunities

Edible oils are part of the trend towards functional and active food as shown by the saturated versus unsaturated fat 
debate. The health enhancing lipid composition of dietary oil will require analysis and certifi cation, while factory scale 
processes will allow bulk oils to be tailored and upgraded.
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Sector 2105: Flour and Cereal Foods (Fc)
Flour, cereal foods, rice, pasta and other fl our mill products

Short Summary

Against the metric of one dollar of fi nal consumption, the environmental indicator of greenhouse gas is 10% above 
average. Water use is 15 times the average due primarily to irrigation water used upstream in rice production, and land 
disturbance is 70% above average. The social indicators reveal that employment generation is 5% below average, 
income is 20% below average, and government revenue is 30% below average. The fi nancial indicators show that the 
operating surplus is 15% above average, export propensity is more than twice the average, and import penetration is 
40% below average. The micronutrient status of fl our may be a future human diet issue.

Sector Description

In fi nancial terms the products from the sector include grain fl ours (22%), cereal foods (25%), rice products (20%), 
pasta (7%), and a wide range of specialist products such as baking powders, prepared bread and cake mixes, cereal 
bran, starch, glucose, and residual stock feed products. The average Australian adult consumes 0.4 kg of cereal based 
food daily (including this sector and the bakery products sector) giving a yearly consumption of 146 kg per capita, 
and a national total of about 3 million tonnes. Of the 24 million tonnes of wheat produced in a typical year, 2.2 million 
tonnes passes through this sector for domestic human consumption, 2.1 million tonnes is consumed by animals, 
0.5 million tonnes is seed for the next crop, 16 million tonnes is exported as grain, 0.2 million tonnes is exported as 
fl our, and 3 million tonnes is held over as stocks for the following year. In constant dollar terms, pastas and breakfast 
cereals have more than quadrupled over the last 30 years, wheat fl our has doubled, and bread and cake mixes have 
increased by a factor of eight. Current turnover is around $4 billion and includes over 100 enterprises.

Place of Industry in the Economy

The fl our and cereal foods sector ranks 83rd out of 135 sectors in terms of value adding in the economy, and 
contributes 0.17% of GDP in this analysis. It is similar in value adding to the aluminium smelting, and pulp and paper 
sectors. It is a moderate employer with 5 000 employment years embodied in fi nal demand, and another 16 000 
years in the sector’s upstream suppliers, giving a total of 21 000 employment years. In addition, it contributes 4 000 
employment years to the fi nal demand of downstream industries such as bakery products, accommodation cafes 
and restaurants, and retail trade. It has moderate to large resource requirements with one half of one percent of 
land disturbance, nearly fi ve percent of water use, and three tenths of one percent of energy use, and greenhouse 
emissions. The large water quotient is due to the embodiment of rice growing in the sector’s processing. In fi nancial 
terms, exports are four times the size of imports.

Strategic Overview

The spider diagram reveals two above-average spikes for the environmental indicators of water use and land 
disturbance, together with reasonable social indicators, and good fi nancial outcomes. The upstream challenges for 
the sector relate to the land and water intensity of grain production. The downstream challenges relate to maintaining 
the inherent nutritional quality of the original grain through the sector’s transformation and storage activities, as well as 
the health-inducing fortifi cation of fl our with minerals and active or functional ingredients. There is an emerging tension 
between traditional high input agriculture focused on per hectare returns and more biological modes of production with 
lower production but possibly higher available nutrients in the grain products.
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TBL Account #1

The fi nancial indicator of operating surplus is 15% above average with a direct sector effect of 34% and contributions 
from wheat growing (11%), rice growing (5%), wholesale trade (2%), accounting and marketing (2%) and road transport 
(2%). The social indicator of employment generation is 5% below average, with a direct effect of 22% and a makeup 
similar to the surplus indicator. The greenhouse emissions indicator is 10% above average with a direct effect of 11%, 
and contributions from rice growing (19%), electricity production (12%), wheat growing (9%) and dairy cattle (2%).

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is two times the average, an income indicator that is 20% 
below the average, and water use that is 15 times the average due to the embodied water for rice growing included in 
the fi nal demand of this processing sector. The third TBL account shows an import penetration 40% below average, a 
government revenue indicator 30% below average, and land disturbance 70% above average.

Structural Path Analysis and Linkages

Both the water use and land disturbance indicators are above average. The structural path analysis shows that the 
direct within-mill water use is less than one percent and that the indicator is dominated by rice growing (70%) with 
additional contributions from wheat growing (4%) (some specialist wheats have supplementary irrigation), dairy 
products (1%), and sugar growing (<1%). The land disturbance indicator is dominated by wheat growing (68%), rice 
growing (4%), the ‘beef cattle-meat products-other food-fl our products’ chain (2%), and the ‘dairy cows-dairy products-
fl our products’ chain (1%). Raw material procurement policies focused on water and land effi cient suppliers and 
production systems present an initial option for improving these two indicators.

The sector’s stimulus to its upstream suppliers is 55% greater than average with impacts on grain growing, wholesale 
trade, accounting and marketing, road transport, rice growing, and property development. The linkages to downstream 
industries are 30% weaker than average and suggest that any expansion in the sector must be led by increased 
activity in the sectors of bakery products, accommodation cafes and restaurants, and retail trade.

Future Trends in Sector

Under the base case scenario in the Future Dilemmas study, the domestic requirement for dietary grain increases by 
35% at 2050, due to a mixture of population growth and inbound tourism. Grain production and processing for export, 
either directly or through animal products, could double or triple, depending on the development of export markets and 
the evolution of varieties in Australian grain production systems. However, uncertainties abound. Although improbable, 
consumer and environmental concerns focused on intensive animal production systems, could promote a more 
vegetarian, grain based diet with a higher legume content as evidenced by the Russian people in the 1980s with twice 
the grain consumption of the world average. Water constraints and irrigation salinity may limit domestic rice production 
and thereby its processing to products within this sector.

Innovation and Technical Opportunities

Human nutrition concerns relating to modern industrialised agriculture may have a large impact on the upstream 
procurement policies of this sector and the approaches in downstream processing and storage systems. Micronutrient 
malnutrition or ‘hidden hunger’ due to imbalances or non-availability of iron, zinc, copper and other ions and vitamins, 
may lead processed products to rely on assessments of soil health. Some studies show that more biological production 
systems are superior in this regard, but face cost disadvantages because of lower yields and limited market rewards.
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Sector 2106: Bakery Products (Bp)
Bread, cake, biscuits, meat pies and other bakery products

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 15% greater 
than average while water use is over three times the average and land disturbance is 40% above average. This is due 
to production inputs rather than activities within the sector. Social indicators of employment and income are 40% and 
10% above average respectively, while government revenue is 15% below average. The fi nancial indicator of operating 
surplus is 5% below average, export propensity is 20% above average and import penetration is 40% below average. 
The environmental indicators pose challenges to Australians through their direct purchasing decisions, and to bakery 
manufacturers through their supply chain.

Sector Description

The bakery products sector includes the production of all types of bread, meat pies, cakes, pastries and biscuits. 
Australians consume directly (ie not embodied in intensive meat products such as chicken, pork and beef) about 
96 kg of cereals per capita each year, of which 80 kg are consumed as bread products. Nearly two million tonnes of 
fl our is produced each year with bread using 46%, pastries 4% and biscuits 5%. Today it is estimated that the large 
bakery companies supply about 65% of the national bread market, hot bread shops about 25%, in-store bakeries 5% 
and independent bakeries 5%. An important factor behind the success of hot bread shops has been the development 
of premix fl ours. Worldwide, the sector is becoming more complex as bread becomes a boutique food with functional 
food additives, whilst also remaining a basic food staple.

Place of Industry in the Economy

This is a moderate sized sector in terms of value adding in the Australian economy, ranking 60th out of 135 sectors and 
contributing 0.29% of GDP in this analysis. In terms of value adding, the bakery products sector gives four times that of 
cement manufacturing and twice that of concrete production but is only one tenth the size of residential building. The 
industry is a moderate employment generator with a direct requirement of 30 000 employment years and another 
17 000 years in the sector’s suppliers, giving a total of 47 000 employment years. In addition, the sector supplies 5 000 
employment years to downstream sectors. The sector is responsible for 1.6% of national water use and about one half 
of one percent of national greenhouse emissions, primary energy use and land disturbance. In fi nancial terms, exports 
are 30% greater than imports.

Strategic Overview

The strategic overview provided by the spider diagram shows a reasonably balanced TBL account with the two 
environmental indicators of water use and land disturbance as outliers. Upstream issues relate to the national 
implications of land and water use in Australia. The structural paths highlight the beef cattle and grains sectors as 
important components of the land disturbance indicator, while rice growing and dairy products are important in the 
water chain. Altering both the composition of bakery products as well as the selection of component suppliers could 
help reduce the water and land disturbance indicators. Downstream issues relate to the accumulated effects of bakery 
products on lifetime attributes of individual and population health. There is an increasing emphasis on the glycaemic 
index of products, micronutrient defi ciencies, fi bre content, and in the future the use of products that actively enhance 
health, rather than merely provide staple food products and basic nutrition.
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TBL Account #1

The fi nancial indicator of gross operating surplus is 5% below the economy wide average. About half of the effect is direct 
and the rest is due to the sector’s suppliers such as fl our milling (6%), wholesale trade (2%), sugar (2%), beef products 
(2%) and diary products (1%). The social indicator of employment is 40% above average and three fi fths of this is a direct 
effect, emphasising the importance of human labour in producing an increasingly diverse range of bakery products. The 
environmental indicator of greenhouse emissions is 15% above average with only one tenth of the effect due to energy 
use in the sector itself. Most of the emissions are due to sectors embodied in the bakery products chain such as beef 
(33%), electricity (8%), sugar (4%), dairy (4%) and rice (3%). Some eco-effi ciency projects have focused on baking plant 
energy and emissions savings. This analysis highlights the potential of a broader lifecycle approach and consideration of 
upstream impacts in improving the overall environmental performance of products.

TBL Accounts #2 and #3

The second TBL account shows that export propensity and income are 20% and 10% above average respectively. 
About half of both indicators is due to direct sector effects. However the water use indicator of is over three times the 
economy wide average due to the product chains of the basic ingredients used in the sector. The third TBL account 
shows that import penetration is 40% below average, government revenue is 15% below average and land disturbance 
is 40% above average. 

Structural Path Analysis and Linkages

Structural path analyses reveal long and complex production chains for water use and land disturbance which are 
both above average and may require improvement. Only 1% of water is used directly within the sector with major 
contributions from rice (40%), dairy (12%), beef (7%), sugar (4%) wheat (3%) and vegetable and fruit growing (2%). 
These components together contribute over 70% of the total water used. Beef cattle contribute to the land disturbance 
indicator (60%) together with wheat (12%), sheep meat (7%) and dairy cows (2%).

Increases in consumer demand give a strong upstream stimulus to the suppliers of the bakery products sector such as 
fl our mill products, wholesale trade, raw sugar, road transport and marketing. The sector shows very weak downstream 
linkages to the cafes and restaurants sector.

Future Trends in Sector

The CSIRO Future Dilemmas study anticipates a 35% increase in direct dietary grain consumption over the next 
50 years. This is driven mainly by population growth to 25 million people over that time and an expanding tourism 
industry. Consumer trends (eg wholemeal breads, rice fl our based gluten free breads) and marketing will be important 
determinants of future demand. The level of environmental resources embodied in everyday necessities may emerge 
as a policy issue.

Innovation and Technical Opportunities

The centrality of bread as a staple food in most cultures will probably see it evolve into an important active or functional 
food delivering basic energy and bulk, as well as a range of food supplements to provide health benefi ts or reduce 
health problems. In the context of TBL accounting, this could increase the social worth of bakery products but also 
increase the complexity of manufacture and thereby the embodiment of energy, water and land. Managing and auditing 
the water and land chains behind the product may become a critical priority as dietary worth becomes aligned with the 
integrity of ecosystems. With organic grain production already established as a consumer reality, bakery companies 
will need to expand the selection criteria for appropriate suppliers of product inputs. Lower yielding organic systems 
may increase the land disturbance indicator.
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Sector 2107: Confectionery (Cn)
Chocolate, chewing gum, other confectionery, nuts, crystallised and glace fruit

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 10% below 
average, water use is two times the average, and land disturbance is 65% below average. The social indicators show 
that employment generation is 5% below average, income is equal to average, and government revenue is 40% above 
average. The fi nancial indicators show that surplus is 20% below average, export propensity is 90% above average 
and import penetration is 15% below average. There are possible upstream social issues relating to cocoa production 
and downstream health benefi ts from the moderate consumption of dark chocolate.

Sector Description

Australians consume about 200 000 tonnes of confectionery per year, or about 10 kg per capita comprising six kg of 
chocolate and four kg of sugar confectionery. Late teenagers are the highest consumers. There are over 5 000 different 
confectionery products on sale with the market being dominated by three international companies which together 
have 75% of the market. Australia is attractive for confectionery manufacture because of the local production of most 
ingredients except 40 000 tonnes of cocoa which is imported annually. Dutch life cycle studies show that one kg of 
chocolate consumption embodies 32 kg of CO

2
 equivalents. In constant dollar terms, the turnover has doubled in the 

last 30 years and is currently $1.7 billion involving about 130 enterprises.

Place of Industry in the Economy

The confectionery sector ranks 107th out of 135 sectors in terms of value adding in the economy, and contributes 
0.09% of GDP in this analysis. It is similar in value adding to the bauxite mining, and poultry and eggs sectors. It is 
a small employer with 6 000 employment years embodied in fi nal demand, and another 7 000 years in the sector’s 
upstream suppliers, giving a total of 13 000 employment years. In addition it contributes 1 000 employment years to 
the fi nal demand of downstream industries such as retail trade cafes and restaurants, fl our and cereal products, and 
bakery products. It has moderate resource requirements with one tenth of one percent of land disturbance, four tenths 
of one percent of water use, and two tenths of one percent of energy use and greenhouse emissions. In fi nancial 
terms, exports are twice the size of imports.

Strategic Overview

The spider diagram reveals a reasonable TBL account for the confectionery sector, with one above-average spike for 
water use. This is due to the embodied water of confectionery ingredients such as milk, sugar, rice, fruit, and wine and 
spirits. There are a number of important upstream and downstream issues outside the boundaries of this analysis. 
Some trade and environmental groups have voiced concerns about the adverse biodiversity and environmental effects 
of cocoa production systems in tropical countries, child labour, and the economic effects of low product prices in cartel-
like commodity markets. Claims of dental health problems from confectionery consumption are less defi nite in the 
recent science literature. Dental health infl uences include modern hygiene (twice daily brushing), use of new chewing 
gums containing milk-derived casein phospho-peptides, a broader ecological theory including changes in mouth 
pH and bacterial fl ora, and the infl uence of both starches and sugars. Health benefi ts of moderate dark chocolate 
consumption are well supported due to its dietary fl avonoid content, which may have both antithrombotic (clotting) and 
antioxidant properties, important for cardiovascular and other health issues.
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TBL Account #1

The fi nancial indicator of operating surplus is 20% below average with a direct sector effect of 28% and contributions 
from accounting and marketing (4%), other foods (4%), wholesale trade (3%), milk production (5%) and plastic 
products (2%). The social indicator of employment generation is 5% below average with a direct effect of 43% and a 
composition similar to the surplus indicator. The greenhouse emissions indicator is 10% below average with a direct 
within factory effect of 15%, and contributions from electricity production (12%), dairy cattle (9%) and the ‘beef cattle-
meat products-other foods-confectionery’ chain (2%) which is probably due to the use of gelatin as a setting and 
binding agents in fruit jellies, fruit chews, marshmallows, toffees and nougat.

TBL Accounts #2 and #3

The second TBL account shows that export propensity is 90% above average, income is equal to average and water 
use is twice the average. The third TBL account shows that import propensity is 15% below average, government 
revenue is 40% above average and land disturbance is 65% below average.

Structural Path Analysis and Linkages

The water indicator is twice the average and its structural pathway shows that the direct sector effect is only 1% of the 
total. The ‘dairy cows-dairy products-confectionery’ chain representing the milk and cream content of chocolate makes 
up 35% of the total water indicator. This may be lower in production areas where milk is derived from rain-fed pasture 
systems. However Cadbury’s chocolate factory at Claremont in Hobart sources its milk from the Burnie area of Tasmania 
which supplies 65 million litres per year to manufacture 33 000 tonnes of chocolate, or two litres of milk per kilogram (the 
famous ‘glass and a half of rich cream dairy milk’). In addition to rain-fed pasture growth, industry reports note that 5.6 ML 
(106 L) per hectare of irrigation water is applied to more than 32 00 ha of irrigated pasture in this region. Additional water 
content includes rice (13%), sugar (9%), wine and spirit manufacture (3%), and fruit growing (2%).

The sector’s stimulus to its upstream suppliers is 35% above average and impacts on wholesale trade, accounting 
and marketing, sugar refi ning, dairy products, road transport, paper containers, and plastic products. The linkages to 
downstream industries are weak as most of the effect is dissipated by private consumption and partly by exports. The 
downstream linkages suggest that any increase in this sector’s production would have to be led by the sectors of retail 
trade, cafes and restaurants, bakery products, and fl our and cereal foods.

Future Trends in Sector

For most food items in the Future Dilemmas study, domestic consumption increases by 40% at 2050 due to a 
mixture of population growth and inbound tourism. Industry literature notes many uncertainties concerning future 
consumer demand such as changes to shopping patterns, growth in market share of other snack foods, and changing 
perceptions of confectionery in health and body image terms. In addition, an ageing population with over 45 year olds 
and under 45 year olds equal by 2050, may affect total sales. Currently, consumption declines markedly for over 45 
year olds.

Innovation and Technical Opportunities

The increasing focus on functionally active foods that have health and lifestyle benefi ts may transform the 
confectionery sector. The dental health advantages of chewing gum currently make it one of the more dynamic 
products, while the health advantages of dark chocolate may soon be more actively promoted in the marketplace. 
It is interesting that the earliest cocoa makers in England were apothecaries, the forerunner of today’s pharmacists. 
Perhaps little has changed in the last 400 years.
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Sector 2108: Other Food Products (Fd)
Raw and refi ned sugar, animal feeds, frozen and processed seafoods, coffee, tea, peanut 

butter, salt, spices and other food products

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is twice the 
average, while water use and land disturbance are fi ve times and nearly two times the average, respectively. The 
social indicators show that employment generation is 10% below average, income is 20% below average, and 
government revenue is 25% below average. The fi nancial indicators show that operating surplus is 15% greater than 
average, export propensity is three times the average, and import penetration is 30% below average. Human and 
animal foods components may have good prospects but sugar and processed fi sh could face an uncertain future.

Sector Description

In fi nancial terms the sector is broadly composed of manufactured foods (43%), animal feeds (23%), raw and refi ned 
sugar (19%) and processed seafoods (15%). Production of raw and refi ned sugar is currently about 4.6 million tonnes, 
of which one million tonnes is for domestic use, and the rest for export. Over one million tonnes of the by-product molasses 
is used as an animal feed, to ferment ethanol or exported. Domestic fi sheries live catch is about 230 000 tonnes with an 
additional 107 000 tonnes imported. It is diffi cult to separate the processed and raw proportions of this seafood. Nearly 
one million tonnes of cottonseed from cotton ginning (the services to agriculture sector) are processed for animal feeds 
particularly for dairy and beef cattle feeding. In constant dollar terms over the last 30 years there have been large 
variations in turnover of components in this sector, especially in the seafood lines. Some such as manufactured food 
products and raw and refi ned sugar have doubled, while animal foods have quintupled. The current turnover is about 
$10 billion, and involves over 800 enterprises.

Place of Industry in the Economy

The sector ranks 37th out of 135 sectors in the economy in terms of value adding and contributes 0.59% of GDP in 
this analysis. It is similar in value adding to the childcare and community services, and beef cattle production sectors. 
It is a large employer with 19 000 employment years directly embodied in fi nal demand, and 58 000 years in the 
sector’s upstream suppliers, giving a total of 77 000 employment years or one percent of national total. In addition, it 
contributes 8 000 employment years to the fi nal demand for downstream industries such as dairy cattle, dairy products 
and meat products. The sector has substantial resource requirements with six percent of national water use, two 
percent of land disturbance, one percent of energy use, and three percent of greenhouse emissions. In fi nancial terms, 
exports are six times the size of imports.

Strategic Overview

The spider diagram reveals three outliers for the indicators of water use, land disturbance and greenhouse emissions. 
The sector forms an important bridge between the primary growing sectors and the re-routing of products and by 
products to important nodes of fi nal and intermediate use. For example, cottonseed meal and molasses are vital inputs 
to intensive animal production systems such as dairy farming and cattle feedlots. Some sector components such as 
sugar refi ning and fi sh processing have upstream environmental and production issues that have yet to be resolved. 
In a the broader sense of industrial ecology it may be necessary to co-locate many types of food and other processing 
activities to allow development of a material chain that gives many products and few wastes. Brazil has designed an 
integrated sugar refi ning, ethanol refi ning and beef feedlot system.
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TBL Account #1

The fi nancial indicator of operating surplus is 15% above average with a direct sector effect of 39% and contributions 
from sugar (8%), grain growing (3%), hay growing (2%) and road transport (2%). The employment indicator is 10% 
below average with a direct sector effect of 25% and a composition similar to the surplus indicator. Greenhouse gas 
emissions are twice the average.

TBL Accounts #2 and #3

The second TBL account reveals an export propensity three times the average, income that is 20% below the average, 
and water use that is fi ve times the average. The third TBL account shows import penetration 30% below average, 
government revenue 25% below average, and land disturbance that is nearly twice the average. The land and water 
indicators are discussed fully below.

Structural Path Analysis and Linkages

The greenhouse emissions indicator is dominated by a direct sector effect of 49% with contributions from the ‘beef cattle 
to meat products’ chain (15%), electricity production (3%), sugar production (2%), land development (2%) and wholesale 
trade (1%). Much of the sector effect comes from integrated sugar refi ning which generates much of its own process heat 
and electricity from combusting cane bagasse. Without this biomass energy, more fuel and electricity would be required 
from fossil fuel sectors. Technological improvement programs are improving the bagasse boiler effi ciencies with the aim 
of doubling installed electricity generating capacity, and contributing 200 MW installed capacity to the national grid. The 
water use indicator is dominated by sugar cane (62%) with contributions from hay growing (5%), meat products (4%), 
grain growing (3%), cotton (2%), dairy products (2%) and rice growing (1%). The land disturbance indicator is dominated 
by beef cattle (47%) with contributions from grain growing (20%), sheep meats (5%), sugar (4%) and barley (3%). The 
water and land indicators could be improved by targeted procurement decisions.

The sector’s stimulus to its upstream suppliers is 40% greater than average with impacts on road transport, sugar 
cane, wholesale trade, accounting and marketing, grain growing (cotton seed), hay growing, and meat products. 
Linkages to downstream industries are weaker than average because much of the activity is dissipated by fi nal 
consumption and exports of sugar and seafoods. Animal feed, much of it transformed from by-products of human food 
or fi bre processing (molasses and cottonseed meal) also becomes an intermediate product for other fi nal demand 
production chains.

Future Trends in Sector

The base case scenario of the Future Dilemmas study anticipates that the ‘other human foods’ part of this sector 
will increase 40% by the year 2050, due to population growth and international tourism. Sugar refi ning may remain 
challenged by world trade issues and may have to make a fundamental transition to producing feedstocks for plastics 
and alcohols. Fish consumption, faced with the possibility of fragile domestic stocks in many areas may be dominated 
by imports, most of which may already be processed and packaged. The animal foods component may double, driven 
by growth and intensifi cation in meat and dairy production.

Innovation and Technical Opportunities

Because of the sector’s processing and transformation capabilities, it has the potential to become the central node 
of the overall sustainability transition as feedstock and chemical chains are ‘greened’ and human and animal foods 
become more ‘functional and active’. Advanced bio-refi neries designed for whole crops (grains), green crops (lucerne), 
and lignocellulose, are already in pilot testing with the strategic goal of replacing petrochemical feedstocks. Proof of the 
‘bio-origin’ of feedstocks is necessary to ensure to the integrity of the supply chain and its derived products.
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Sector 2109: Soft Drinks, Cordials and 
Syrups (Bv)
Soft drinks, mineral and aerated waters, cordials and syrups

Short Summary

Against the metric of one dollar of fi nal demand, the environmental indicator of greenhouse emissions is 10% above 
average, water use is over two times the average and land disturbance is 80% below average. The social indicators 
reveal that employment generation is 20% below average, income is 15% below average, and government revenue is 
25% above average. The fi nancial indicators show that operating surplus is 10% above average, export propensity is 
equal to average, and import penetration is 30% below average. The sector’s stewardship of its packaging has shown 
substantial gains in the last decade. The sector may face increasing challenges from possible downstream issues such 
as childhood obesity and skeletal and dental health.

Sector Description

Australia currently consumes 3.2 billion litres of this sector’s products, of which 2.4 billion litres or 75%, are carbonated 
‘soft’ drinks, with still and carbonated waters, sports drinks etc. making up the remainder. The per capita consumption 
of carbonated drinks is about 120 litres annually, compared to beer with 95 litres, and milk with 105 litres. The 
packaging of carbonated drinks is dominated by PET bottles comprising 60% of the total, aluminium cans (24%), 
glass (4%) and bulk ‘post mix’ dispensing in bars and restaurants (12%). Cola-type drinks dominate the fl avours with 
nearly 60% of total soft drinks, followed by orange and clear lemonade. Australians consume nearly 80 million litres of 
sports and energy drinks, and nearly 700 million litres of bulk and bottled water. There are over four billion containers 
available for recycling each year and recycling fractions are about 55% for PET bottles and over 70% for aluminium 
cans. In constant dollar terms, the sector’s turnover has tripled over the last 30 years, and turnover is around 
$3.3 billion involving about 90 enterprises. 

Place of Industry in the Economy

The soft drinks and cordials sector ranks 89th out of 135 sectors in terms of value adding in the economy, and 
contributes 0.14% of GDP in this analysis. It is similar in value adding to the aircraft manufacturing, and photographic, 
medical and scientifi c equipment sectors. It is a moderate employer with 4 000 employment years directly embodied in 
fi nal demand, and 17 000 years in the sector’s upstream suppliers, giving a total of 21 000 employment years. It has 
moderate resource requirements with one percent of national water use, one tenth of one percent of land disturbance, 
and about four tenths of one percent of energy use and greenhouse emissions. In fi nancial terms, the exports are 30% 
greater than imports.

Strategic Overview

The spider diagram shows that the soft drinks and cordials sector uses more water than average and has near average 
or better than average outcomes for the remaining nine indicators. In addition to the disposal of packaging, the sector 
faces a number of downstream issues which highlight the challenges of shared responsibility between consumers 
and the producers. Health institutions hypothesise that in addition to childhood obesity issues from inappropriate 
diet and exercise regimes, displacement of tap by bottled water avoids fl uoride and its teeth protection properties, 
while displacement of milk by soft drinks could lessen calcium intake, and thus weaken long term bone resilience. 
Distribution chains could provide ready market access for health-enhancing drinks.



190 Balancing Act Volume 2 - Soft Drinks, Cordials and Syrups (Bv)

TBL Account #1

The fi nancial indicator of operating surplus is 10% above average and shows a direct sector effect of 41%, with 
contributions from sheet metal containers (6%), sugar cane (5%), plastic products (2%), forwarding and storage (2%), 
sugar refi ning (2%), iron and steel making (2%), glass products (2%) and road transport (1%). The social indicator 
of employment generation is 20% below average with a direct effect of 20% due to the capital intensity of current 
manufacturing methods, and an extended chain of small contributions. The greenhouse emissions indicator is 20% 
below average, with a direct in-factory effect of 11%, and contributions from basic iron and steel (8%), sugar refi ning 
(6%), electricity production (6%), sugar growing (6%) and basic chemicals (2%).

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is equal to average, an income indicator that is 15% 
below average, and water use that is over two times the average and discussed in more detail below. The third TBL 
account shows an import penetration that is 30% below average, government revenue 25% above average, and land 
disturbance that is 80% below average.

Structural Path Analysis and Linkages

An examination of the structural path for water use shows that the direct sector effect is about four litres per dollar 
and 4% of the total. The dominant component is irrigation water for sugar cane growing at 76 litres per dollar, or 72% 
of total. Additional small contributions include water used in sugar refi ning (6%) and water delivery (1%). Consumer 
demand and health institutional requirements for lower sugar content of carbonated drinks, currently around 10%, 
promises to be a strong driver for reducing the water intensity of the soft drink lifecycle. Additionally it is possible that 
purchasing sugar grown in high rainfall areas with little supplemental irrigation, such as around Tully and the Atherton 
Tableland, may signifi cantly reduce the water use intensity of these products. The net environmental benefi t would 
need to be established through more detailed analysis.

The sector’s stimulus to its upstream suppliers is 50% greater than the economy wide average and impacts on 
sheet metal containers, wholesale trade, sugar cane, sugar refi ning, plastic products, road transport, accounting and 
marketing, basic iron and steel, and accommodation and restaurants. The linkages to downstream industries are 
weak, as most production is dissipated by fi nal consumption.

Future Trends in Sector

Under the base case scenario of the Future Dilemmas study with 25 million people by 2050, the requirement for 
most food items increases by 40% due to a mixture of population growth and inbound international tourism. Industry 
literature notes that higher than normal increases in sales is due in part to a ‘greying population’. This consumption 
driver will increase as by 2050, the under 45 year olds will equal in number the over 45 year olds. Industry sources 
note that bottled water consumption is projected to be 14 litres per capita by 2006, but that this is still well below 
consumption in the US (45 litres) and France (122 litres). Given the already challenged nature of many Australian 
water catchments, it is possible that bottled water consumption will rise, driven by water quality crises particularly if 
global climate change gives extended lower rainfall periods, that reduce the positive fl ushing and dilution effects of 
high rainfall events. Continuing demand growth will also be determined by the sector’s contribution and responses to 
the obesity ‘explosion’.

Innovation and Technical Opportunities

The developing food science area of ‘active foods’, partially featured in the sector’s products such as sports drinks, 
pure water, and diet drinks, will become more important. It is possible to envisage the full integration of soft drink 
consumption with public health programs for diabetes and obesity avoidance, skeletal strength, healthy teeth, and 
active lives, while enhancing a robust brand image.
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Sector 2110: Beer and Malt (Bm)
Beer, ale, and stout (bottled, canned and bulk) and malt

Short Summary

Against the metric of one dollar of fi nal consumption, the environmental indicator of greenhouse emissions is 20% 
below average, while water use and land disturbance are 20% and 25% above average respectively. The social 
indicators show that employment generation and income are both 30% below average, while government revenue is 10 
times the average. The fi nancial indicators give positive outcomes with operating surplus 35% above average, export 
propensity 55% above average, and import penetration 50% below average. While a number of upstream issues could 
be improved, the main issue appears to be the tension between the negative effects of excessive alcohol consumption 
on community health and the government revenue gained from its use. 

Sector Description

Australia currently produces 1 745 million litres of beer and 670 000 tonnes of malted barley per year. Australians 
consume about 1 720 million litres of beer or 95 litres per capita ranking ninth in world in per capita beer consumption. 
Beer accounts for 75% of pure alcohol consumption (wine 20%, spirits 2%, other 5%). Full strength beers account for 
75% of domestic consumption and reduced alcohol beers for 25%. Consumption has dropped from a peak of 130 litres 
per capita in the mid 1970s. While consumption of normal brand beer is currently static, sales of both light beers and 
premium quality beers are growing, with the latter consumption at 140 million litres, or about 10 litres per capita for the 
over 18 years population. Beer brewing is moderately water intensive requiring about seven litres of factory process water 
for each litre produced. Malting is an early stage of beer making where malting quality barley (around 11% protein) is 
soaked (steeped), germinated, and kiln dried. Australia consumes around 200 000 tonnes of malted barley for domestic 
brewing, and exports about 470 000 tonnes. Excise on beer is levied on alcohol content. In constant dollar terms, the 
sector’s turnover is similar to 30 years ago, with a current turnover of about $3 billion involving about ten enterprises.

Place of Industry in the Economy

The beer and malt sector ranks 73rd out of 135 sectors in terms of value adding in the economy and contributes 
0.20% of GDP in this analysis. It is similar in value adding to the paper containers and products, and the services to 
agriculture sectors. It is a small employer with 1 000 employment years embodied in fi nal demand, and another 7 000 
years in the sector’s upstream suppliers, giving a total of 8 000 employment years. In addition, the sector contributes 
2 000 employment years to downstream industries such as accommodation cafes and restaurants. The sector has 
moderate resource requirements with between one tenth and two tenths of one percent of national water use, land 
disturbance, energy use, and greenhouse emissions. Exports are six times the size of imports.

Strategic Overview

The spider diagram portrays a reasonable TBL account with no spikes and a much greater than average government 
revenue. The sector has higher than average land disturbance and water use, lower than average employment 
generation and income, but higher than average outcomes for the fi nancial indicators. Health experts hypothesise an 
alcohol ‘J-curve’ effect with some positive health outcomes from moderate consumption, but excessive consumption 
causing acute health problems costing over $5 billion yearly. Beer contributes $1.8 billion (45%) of the $4 billion of 
alcohol excise levies collected yearly, and represents 75% of the pure alcohol consumed.
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TBL Account #1

The fi nancial indicator of operating surplus is 50% above average, the social indicator of employment generation is 
20% below average and greenhouse emissions are 10% below average. The emissions indicator is composed of 
barley growing (34%), electricity production (13%), the direct sector effect (10%), iron and steel making (3%), and road 
transport (2%).

TBL Accounts #2 and #3

The second TBL account shows an export propensity that is 65% above average, income that is 20% below average, 
and water use that is 35% above average. The third TBL account reveals an import penetration that is 50% below 
average, a government revenue indicator that is 11 times the average, and a land disturbance indicator that is 45% 
above average.

Structural Path Analysis and Linkages

Both the water use and land disturbance indicators are above average. The in-factory or direct sector water use is 
8% of total, with the majority (50%) due to barley growing where irrigation is used sometimes in drier seasons and 
specifi cally during the period of growth when the grain is being fi lled. Water use is also due to the water provision 
sector (6%), wheat growing (4%), electricity production (1%) and hop growing (1%). The land disturbance indicator is 
also dominated by barley growing (70%) and wheat growing (6%) for specialist wheat beers.

The sector’s stimulus to upstream suppliers is 35% greater than the economy wide average with impacts on barley 
growing, wholesale trade, road transport, metal containers, accommodation cafes and restaurants, and banking. The 
linkages to downstream industries are average and suggest that production increases must be led by expansion of the 
accommodation, cafes and restaurants sector.

Future Trends in Sector

Under the base case scenario in the Future Dilemmas study with 25 million people by 2050, beer consumption may 
expand by over 40% provided that beer makers can maintain the current per capita beer consumption in the face 
of wine and ‘ready to drink’ mixers. Part of this increase is based on a large increase in international tourism. There 
are many fi ner scale marketing challenges focused on demographic and income segments, especially given that the 
over 45 year olds will equal the under 45 year olds in absolute numbers, though possibly not discretionary spending 
power. The malting part of the sector may have a secure future given the steady expansion of beer drinking in Asia, 
driven by both population growth as well as per capita economic development. Currently Australian malt exports go to 
Japan (25%), Philippines (14%), Vietnam (17%), Thailand (12%), and Korea (12%). However China is a major malt 
producer and its future infl uence on Australian exports will be determined by its excess malt production over domestic 
consumption. One uncertainly is that of global climate change, particularly its effect on malting quality generally, and 
on production levels in Western Australia which has 25% of current Australian barley production.

Innovation and Technical Opportunities

A recent technical review reveals a number of interesting tensions for beer producers. The reasonably fl at market for 
normal bulk produced beers, and expanding market for premium and ‘different’ beers, requires frequent changes of 
brewing runs. This diversity requires longer downtime and changeover times for machinery and plant. One alternative 
is to produce a homogenous base fl uid to which colours, tastes, and special effects are added just before bottling. 
However beer connoisseurs are unlikely to accept synthetic approaches to the production of higher quality and higher 
priced beers. Stewardship programs similar to some North American producers may be required for the 3.3 billion 
glass, plastic and aluminium beer containers used yearly.
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Sector 2111: Wine and Spirits (Ws)
Wine, cider, spirits, vinegar, liqueurs and mixed drinks

Short Summary

The wine and spirits sector has greenhouse emissions 15% below average, land disturbance 65% below average 
and water use twelve times the economy wide average at 500 litres per dollar of fi nal demand. Two thirds of the water 
is used directly within the sector and includes the water used for growing grapes as well as for processing. A further 
one quarter is used to grow non-grape inputs (rice for sake, apples for cider) where one quarter of the water effect is 
located. The social indicators show that employment generation is 5% below average, income is 15% below average 
and government revenue is fi ve times the average, due to excise taxes on alcohol. The fi nancial indicators show that 
operating surplus is 10% above average, exports propensity is over twice the average and import penetration is 25% 
below average. The downstream linkages are average and strongest to the accommodation, cafés and restaurants 
sector. Increased consumer demand strongly stimulates upstream suppliers, particularly fruit growing, cardboard and 
glass containers, wholesale trade, road freight and marketing. The wine and spirits sector shows a reasonable TBL 
account against the indicators used in this analysis. The negative social consequences of alcohol abuse are outside 
the scope of this analysis. Product levies based on embodied water content could help improve the water indicator.

Sector Description

Around 150 000 hectares of vineyards produce 1.6 million tonnes of grapes for crushing which produces 1.2 billion 
litres of wine. Domestic sales and exports of wine are each around 400 million litres per year and returns sales of 
around $2 billion annually, making it a $4 billion industry. The wine inventory (the stock for cellaring) is around 
1.5 billion litres and takes in 400 million litres per year. The production of Australian brandy is around 400 000 litres 
per year. Australians consume around 20 litres of wine per capita per year. The industry is very important in a regional 
sense. In 2002, the fi nancial turnover was $5.2 billion and involved over 1 100 enterprises.

Place of Industry in the Economy

The wine and spirit sector is a small one in terms of value adding in the economy ranking 98th out of 135 sectors and 
contributing 0.11% of GDP in this analysis. It is a small generator of employment with around 9 000 employment years, 
2 000 of which are used directly in the industry and 7 000 by the industry’s suppliers. It requires around two percent 
of national water use and is responsible for less than one tenth of one percent of land disturbance, energy use and 
greenhouse emissions. In fi nancial terms, exports of wine currently outweigh imports by a ratio of 20:1. 

Strategic Overview

The integrated overview shown in the spider diagram gives a reasonable TBL account but for one outlier of water use. 
The social indicators show near average employment and income outcomes and high levels of government revenue 
due to the taxes levied on alcohol content (in the case of spirits) and product price (for wine). In addition to water use, 
upstream issues relate to the occupational health and safety issues of farmers, grape pickers and process workers. 
Downstream issues relate to disposal of process water and organic waste such as grape skins. The organic content 
of process water (technically its biological oxygen demand) is a key issue. One policy option may be to explore cross 
compliance arrangements between tax excise paid, and the innovation and investment required to return waste water 
to streams with equal or better quality than at its entry point to the plant.
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TBL Account #1

The fi nancial surplus is 10% above average with one third a direct effect, and another third due to fi rst order effects 
including fruit growing (15%), glass products (3%), storage (2%) and paper containers (2%). Employment generation 
is 5% below average with one quarter a direct effect and almost half due to fi rst order effects, particularly fruit growing. 
Greenhouse emissions are 15% below average with a direct effect of only one tenth, while fi rst order and second order 
effects contribute one third each. The fi rst order effects include fruit growing (13%), electricity (7%), rice growing (4%), 
glass products (3%) and paper containers (2%). The second order effects are dominated by land development and 
electricity production that lie behind grape growing.

TBL Accounts #2 and #3

The second TBL account shows an export propensity over twice the average, with two thirds a direct effect and the 
rest due to obvious inputs such as grape growing, grains, wholesale trade and accommodation. The income indicator 
is 15% below average with one third a direct effect, and the rest due to the product chain. The water indicator is 
twelve times the economy wide average. The third TBL account shows an import penetration 20% above average, 
government revenue over fi ve times the average and land disturbance 65% below average. 

Structural Path Analysis and Linkages

An examination of the structural path for water use shows that two thirds of the 500 litres per dollar used is a direct 
sector effect. Wine and spirit making can require process water of 2 000 litres per tonne of grapes crushed (or 2 tonnes 
of water per tonne of grapes) mainly to wash down equipment. Fruit growing and rice growing each contribute 13% of 
water requirements. Rice growing may seem a strange part of the wine sector, but Australia produces over one million 
litres yearly of rice wine (or sake) in Penrith near Sydney, and more in South Australia.

Increases in consumer demand show strong upstream linkages to grape growing, cardboard containers, glass makers, 
wholesale trade, road freight and marketing. The sector shows relatively weak downstream linkages as most activity 
dissipates to personal consumption and exports.

Future Trends in Sector

If domestic per capita consumption remains steady at 20 litres per annum (signifi cantly less than France, Italy and 
Portugal where consumption is 50-60 litres per capita), then total consumption may grow by one quarter to 500 million 
litres per year if the population grows to 25 million by 2050, the base case scenario in the Future Dilemmas study. If 
per capita consumption increases, for example because older Australians select wine as a functional food as well as 
a lifestyle complement, then higher growth in the sector may be possible. Export volumes may not continue to grow 
forever. Capping production levels and focusing on quality, value adding and reducing the water and greenhouse 
intensity of the product chain, may be worth considering as an alternative strategy.

Innovation and Technical Opportunities

Increasing the health-giving properties of wine consumption may provide the next focus for product chain development. 
The return of process water back to the environment presents a real sustainability challenge to the Australian industry, 
given its current international profi le, and the degraded nature of many Australian rivers. Energy intensive mechanical 
approaches to processing and waste and are well developed. They will be augmented increasingly by bacterial 
(Bacillus sp.) and fungal (Aspergillus sp.) processors which yield other by-products (animal protein, methane) as well 
as enabling the return of high quality and valued added water back to rivers and streams.
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