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Executive Summary  

Darling Downs’ communities are facing increasing conflict over food production versus exploitation of 

coal and gas reserves. Politicians claim that “co-existence” is achievable. But the experience of the 

majority of the Acland community makes “co-existence” appear impossible. 

 One solution offered in this report is to combine solar photovoltaic (PV) farming on non-strategic 

cropping or grazing land with food production on good cropping land. This provides potentially a dual 

sustainable income indefinitely for these farming communities from both food production (human 

energy provision) and electricity generation. This is contrasted with the short term benefits, if any, from 

another 15 years of mining at the New Hope Acland Mine.  

Aim of Report 
The aims of this report are: 

1. To provide an alternative land use and regional development scenario for much of the New 

Hope Acland Stage 3 mine area. This includes deploying solar PV farms across the land in 

combination with sustainable farming practices on good quality soil. Only non-strategic cropping 

land (NSCL) that is less suitable for cropping and does not threaten remnant native vegetation or 

cultural heritage would be used for the solar farms.   

2. To provide a model for farming and power generation development that is truly compatible and 

sustainable. 

3. To quantify the employment opportunities that can be created by solar PV farming, and that 

complement existing or future farming practices. 

Key Findings 
The key findings from this study are: 

Retention of Strategic Cropping Land Dual Income for Farmers 

Strategic cropping land (SCL), which is the current Queensland classification for the highest quality 

agricultural soils, is preserved fully in this proposal.  On-farm electricity generation and traditional food 

production provide farmers with a dual income and a truly sustainable future. Coal mining by contrast 

degrades the land potential, making it unsuitable for cropping and marginal for grazing. 

Employment Opportunities 

Solar PV farming alone generates about 1900 full-time equivalent (FTE) job years over the life of the 

system, both directly and indirectly. When combined with small crop vegetable farming on 1360 ha 

irrigated land, the land area for the Stage 3 mine proposal could provide about 180 full-time 

equivalent (FTE) direct jobs each year indefinitely from these activities (Vale et al, 2014). Additional 

jobs would be created from dry land cropping, grazing and tourism.  There are many indirect jobs 

associated with these FTEs.  Solar PV farm construction can be staged to spread jobs over time as it is a 

modular technology. It  would need yearly maintenance and upgrading of inverters (every 15 years) and 

solar panels (every 25 years).   
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By contrast, the New Hope Coal Acland Stage 3 mine development estimates about 412 FTEs direct 

jobs each year during operation (EIS, Chap. 17, Table 17-12). These jobs are only provided for a 

relatively short time of 15 years and take no account of job losses in other parts of the economy.  The 

multipliers used by the mining companies to estimate indirect and induced jobs are highly disputed 

(Campbell et al, 2013). 

Land Area available for Solar PV Farms 

There are about 7 to 8 square kilometres (700 to 800 hectares) of non-strategic cropping land (NSCL) 

across the Acland mine Stage 3 area with low slopes that could be suitable for solar PV farming. This is 

typically in areas of marginal soil in lots ranging from 0.14 to 2 km2 as identified by the Stage 3 IES and 

shown in figure 4 in the report. 

Peak Power Production for Solar PV Farms 

This area of land would allow for between 300 and 400 Megawatts (MW) of peak power capacity from 

solar PV farming. The solar arrays can be oriented to the west to assist with meeting the summer peak 

air conditioning demand on the electricity network.  Energy storage can be added at a later date if 

necessary to assist with evening peak demand supply. 

Annual Electrical Energy Production for Solar PV Farms 

The annual energy generation output from about 360MW of solar PV farm is estimated at 566 

Gigawatt-hours (GWh) for fixed solar arrays. Sun tracking solar arrays could increase this output by 

about 1.25 times. This would provide for the energy needs of about 70,000 average south east 

Queensland  homes or twice that number of new well designed, energy efficient homes. According to 

the 2011 Census, there are 53213 houses in Toowoomba.   

(Source: http://profile.id.com.au/toowoomba/dwellings?WebID=10). 

Economic Benefits 

Capital investment of a large scale solar PV farm is estimated at between $500 and $800 million.  This 

could potentially produce about $800,000 of income each year to land owners providing land to solar 

farm developers. This is over 750 ha of solar farm area or about $1100 per hectare per year. In 

addition, revenue of between $113 million and $170 million each year would accrue from the sale of 

electricity at retail rates of about 20 to 30 cents per kilowatt-hour  (rates typical of those paid by many 

commercial and domestic customers respectively).   

Furthermore, the solar PV farming option avoids subsidies paid to the fossil fuel industry, and pollution 

and health costs to current and future generation.  

The coal mine is projected to benefit average household income across Queensland by about $2292 

over 14 years or about $164 per year due to capital investment in construction and operation. However, 

this must be weighed against a cost to Queensland households estimated at over $5000 per year due 

to State and Federal subsidies to the fossil fuel industry and environmental and social costs 

(externalities). These externalities include pollution and health impacts from the all aspects of coal 

mining and use. In Queensland we need to include the deterioration of the Great Barrier Reef and Wet 
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Tropics world heritage areas due to global warming and pollution from mine operations along the east 

coast including mine discharges, rail and road transport, port construction, and shipping. See Appendix 1 

for full details of external costs estimates based on Harvard University study (Epstein et al, 2010). 

Acland- Solar Farm Economics 

Peak PV Power 359 MWp 

Annual Output 566 GWh/yr

Capital Cost $500 to $800 Million

Land Owner Income $822,301 $/yr

Solar PV Farming Area 750 ha

Land Owner Income/ha $1,096 per yr

Retail Value of Electricity sold to Commerce and Homes

at 20c/kWh Commerce $113 Million per yr

at 30c/kWh Homes $170 Million per yr  

Food Energy Production 

As well as electricity generation, cropping land potential area of about 2360ha is available across the 

proposed Stage 3 mine site. This is made up of 1360ha of irrigated land, using the water allocated to 

mine use, and 1000ha of dry land cropping. These areas are estimated to produce about 272 terajoules 

of gross or ingested food energy (GE), enough to feed about 70,000 people annually if eaten as 

unprocessed food as part of a mixed diet.  While this number is an upper estimate, it is indicative of the 

importance in preserving cropping land in Australia as only about 4 percent of Australia has good soils 

with relatively reliable rainfall.   Food processing or use as animal fodder would reduce the number of 

people feed.   This is almost half of the population of the Toowoomba Regional Council according to the 

2011 Census.   

Environmental  and Social Benefits 

The environmental and health benefits of the solar PV farming are many. Total greenhouse gas 

emissions from the mine construction and operation would be reduced from about 2.4 to about 

0.6 megatonnes (millions of tonnes) CO2e over the life of each project. This does not include savings 

from preventing transport of coal via Brisbane port for export or for local use. A further 232 Mt CO2e 

would be prevented if the coal was not exported and combusted overseas, and solar energy was used 

to produce the equivalent electricity generation at sites with a similar solar resource to Acland.   

As well, a large range of other pollutants and associated health impacts with the mining, processing, 

transport and combustion of coal are avoided (DEA, 2013). These pollutants include not just the 

carcinogenic coal dust, but other toxic chemicals in the waste streams including “ammonia, sulfur, 

sulfate, nitrates, nitric acid, tars, oils, fluorides, chlorides, and other acids and metals, including sodium, 

iron, cyanide, plus additional unlisted chemicals”. Furthermore, elevated levels of pollutants have been 

found in drinking water in coal mining areas. This includes, “mercury, thallium, selenium, cadmium, 

beryllium, barium, antimony, lead, and arsenic”. (Espstein et al, 2010).  
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The table below summaries the energy available from both food and solar PV farming in units of 

gigawatt-hours (GWh) and terajoules (GJ).  It shows the number of jobs created and the greenhouse gas 

savings.  

Solar Electricity  & Crop Farming GWh/yr TJ/yr

Solar PV Electrical Energy Generation 566 2039

Food -  Gross Energy from 2360ha 76 272

No. of Homes powered 70000

Max. No. of People feed from 2360ha 70000

No. of Jobs Solar PV Farms (FTE yrs) - Direct 

and Indirect over 20 years 1900

Greenhouse Gas Savings On-site (Mt CO2e) 1.8

Greenhouse Gas Savings Off-shore (Mt CO2e) 232
 

 

Solar Resource  

The Darling Downs has a world class solar energy resource estimated at around 2100 kWh per square 

metre per year for a fixed plane solar array facing north and tilted at about 25 degrees.  Sun tracking 

solar arrays can increase this resource by a further 25 percent. 

Access to Power Transmission Lines 

There are 11 & 33 kV power transmission lines passing through the Acland area and 110 kV lines from 

Toowoomba to Oakey and Dalby about 20 kilometres to west. These are suitable for interconnection but 

may be limited in their capacity to handle the maximum solar output from a 360 MW solar PV farm. This 

needs more investigation regarding the capacity of these lines to handle the power output from a large 

solar PV farm. Interconnection to the 110 kV line would require additional expenditure which in the past 

has been provided by governments as a ‘social good’.  

Solar is healthier and safer for both Workers and the Community 

A qualitative comparison of the health and safety issues associated with energy production systems 

including solar, fossil fuel and nuclear systems shows that solar energy systems are likely to be less 

harmful to both workers and the surrounding communities. 
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Fossil Fuel Industry is heavily subsidized  

The fossil fuel industry is heavily subsidized, both in Australia and globally. The International Monetary 

Fund (IMF) has called for a phase out of harmful subsidies to the fossil fuel industry that are currently 

about $1.9 trillion annually (IMF, 2013). The Federal government provides subsidies of about $10 billion 

annually (Wood et al, 2012). The former State ALP government was contributing about $1.38 billion 

annually to the development of the fossil fuel industry in Queensland.  This expenditure has been 

reduced under the current LNP government, mainly due a slowing in coal exports from 2009 to 2011.  

On top of this, external costs to the State from coal fired electricity and associated mining are estimated 

be $6.7 billion annually based on a Harvard University study from the USA (Epstein, et al, 2011 in Berrill, 

2012).  These monies could be better invested in building a world class model of rural sustainable 

development that combines renewable energy production with farming. This would create a dual 

income for farmers that would in turn generate jobs and wealth across regional Australia. 

New Hope Acland Mine – Does it pay royalties? 

New Hope Coal (NAC) has purchased royalty entitlements with their land acquisitions at the Acland 

mine.  This has occurred due to outdated State legislation whereby mining royalties from land 

“freeholded” before 1910 stays with the land owner. Hence NAC avoided paying some royalties. This is 

estimated by the Oakey Coal Action Alliance at about $15 million annually to the State Government 

from the Acland mine.  
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Introduction  Acland – Food VS Coal 
Acland is a microcosm of a growing problem in Australia – the conflict between food production and 

mining, particularly coal and coal seam gas mining. On the one hand Australia has a very small 

percentage of land with relatively fertile soils and reliable rainfall. One the other hand, Australia has 

large resources of coal and coal seam gas (CSG) and is both a major domestic user and exporter of these 

fuels. These fuels are contributing to global pollution including global warming which in turn is 

generating more frequent extreme weather events such as heat waves and precipitation and a possible 

trend in reducing rainfall along the east coast of Queensland (Steffen, W., 2011:33).  

Rural and increasingly urban communities that are confronting the rush to develop more coal and coal 

seam gas are seeking alternatives that provide for healthy sustainable economies into the future. The 

proposed stage 3 expansion of the New Hope mine at Acland provides for only a further 15 years of 

operation before leaving behind a legacy for future generations of a loss of high quality cropping land 

and a rapidly warming, and more severe climate that is already making farming and food production 

more difficult in Australia.  This report provides an alternative pathway to the local community, one 

based on the well recognised principles of sustainability that are being pushed aside in the “gold rush” 

for coal and gas.  

Figure 1 – Acland Region with operational part of New Hope Acland Mine to north of Acland
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Alternatives to Coal Mining – The Solar Solution 
 
There is more than one solution for the future of the Acland/Oakey/Jondaryan region. This section 
outlines one such solution. It examines:  

 The potential land area available for solar PV farms located across the New Hope Acland mine 
Stage 3 project. 

 The potential solar energy generation from this land area combined with food production. 

 The potential direct and indirect employment created by such a project and comparison of this 
with the stage 3 Acland mine proposal. 

 The Greenhouse gas emissions from the solar and coal options. 

 Comparison of the average household income benefit outlined in Chapter 17 of the EIS with the 
average cost to Queensland households of government subsidies to and external costs of the 
coal and gas industry in Queensland. 

 

Combining Energy and Food Production – The Sunshine Economy 
Australia has an abundance of solar energy and costs of solar technologies have fallen dramatically in 
recent years. Solar PV systems on roofs of homes and businesses are now providing power at lower cost 
than purchasing power from electricity retailers. Bloomberg New Energy Finance suggests that large 
scale solar power generation for solar PV plant will be cheaper than new gas fired plant by 2020 
(Bloomberg, 2013).  Combining traditional farming with solar power production can provide a diversified 
and far more sustainable income from the land, long after the coal and gas has finished being mined. 
Solar power is becoming an increasingly attractive option for farms to include as they can lease land for 
solar farming projects.   
 
The advantages of solar PV systems are: 

 They create very little pollution over their life cycle compared to fossil fuel generators of any 
kind.  

 They are quiet.  

 They have reached grid parity cost in most areas of Australia now and costs are predicted to 
continue to fall, although less rapidly than in the past 10 years (Bloomberg, 2013).  

 It is a modular technology and can be progressively installed over time. This helps to spread 
costs and employment over time as projects are most labour intensive during construction. 

 There is a revolution happening now in energy storage with costs per unit of energy density 
falling.  Combining storage with solar power increases its value to the electricity network. 

 It is relatively easy to combine storage with solar systems at a later date to increase the ability 
to provide power during the peak evening periods or even 24 hours per day. Solar concentrating 
systems that produce electricity from high temperature steam already have this capacity and 
are another potential technology option for this site.  

 Very little water usage is required either during construction or operation, so water can be used 
for food production. 

 The valuable cropping land is preserved, as can native vegetation and cultural heritage sites. 

 Grazing can occur around Solar PV systems, hence increasing income and reducing maintenance 
costs, or native grasses can be planted as these prefer some shading.  
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The Solar Resource 
Australia has an excellent solar resource. Table 1 shows the relative solar energy (irradiation) available 

for Brisbane, Longreach and estimated for Acland (based on Felton Valley Study data (Berrill, 2010)) 

from NASA satellite data.  The table shows: 

 Average Daily Global Irradiation on a Horizontal Surface – global includes both direct rays of 

sun’s energy and rays that are scattered by clouds and dust. 

 Average Daily Global Irradiation on a plane facing north and tilted at the Latitude angle of about 

27 Degrees. This would be the plane used for fixed solar arrays such as photovoltaic (PV) 

systems or solar water heating systems. 

 Average Daily Global Irradiation on a plane that tracks the sun’s movement each day to keep the 

solar panels aimed at the sun. This improves energy output by about 25 percent on average. 

 Average Daily Direct Irradiation on a plane that tracks the sun’s movement each day to keep the 

solar panels aimed at the sun. This data is used for solar thermal systems that concentrate 

sunlight from the direct rays and produce high temperature steam for power generation or 

process heat. 

Table 1 – Irradiation Data for the Acland Region  

Ausolrad 
Software 

Global - 
Horizontal 

Global - Fixed N Global - Tracking Direct -Tracking 

      Lat. Tilt        

Location MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr 

Brisbane - Lat 
-27.5deg 6607 1835 7410 2058 9673 2687 6789 1886 
Longreach - 
Lat. -23.5deg 8067 2241 8760 2433 12045 3346 10366 2879 

NASA Global - Horizontal Global - Fixed N / 
Lat. Tilt 

Global - Tracking Direct -Tracking 

Location MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr MJ/m2/yr kWh/m2/yr 

Felton Site - 
Prestbury                 
Lat. -27.759 7122 1978 7569 2102     8304 2307 
Long. 151.733 

          
As % of 
Longreach    80.1% 

 Sources:  Ausolrad software from Australian Solar Council and NASA’s surface meteorological services 

(www.eosweb.larc.nasa.gov/sse). 

Note that is a conservative estimate of irradiation as the Felton Valley annual average rainfall is a little 

higher than for Oakey. This data shows that the available solar energy is very high, greater than Brisbane 

due to more than 30 percent lower rainfall and less pollution. The direct solar energy required for solar 

thermal electric (STE) systems that concentrate solar energy averages about 80 percent of the level in 

one of Queensland’s (and the World’s) best recorded sites, Longreach.   

http://www.eosweb.larc.nasa.gov/sse
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By current international standards, Acland irradiation is very high. For example, for direct irradiation 

required for STE systems, Acland is estimated to be 2307 kWh/m2/year.  The ANASOL STE system in 

southern Spain has an annual average direct irradiation of 2200 kWh/m2/year.  The advantage that 

Acland has is its proximity to large demand areas of SE Queensland and closeness to 110 kV transmission 

line infrastructure between Toowoomba and Dalby. Hence long distance transmission line construction 

costs and potential energy losses can be avoided. 

Land Area and Power Generation Capacity available for Solar PV Farming 
The land area that may be suitable for solar PV farming was assessed primarily from information 

provided via the New Acland Coal Mine Stage 3 project Environmental Impact Statement (EIS).  

The criteria used to assess suitable land were: 

 Access to the electricity network as shown in EIS, chapter 3, figure 3-26 

 Non-strategic cropping land that is less suitable for cropping shown as class 4 and 5 areas, EIS 

chapter 4, figure 4-7b. 

 Relatively flat land – slopes are less than 1.7 degrees across the solar PV farm areas proposed. 

 Avoidance of flood prone areas along Lagoon Creek or tributaries as modeled in the EIS, chapter 

5, figure 6-14. 

 Retention of important areas of remnant native vegetation as shown in the EIS.   

Access to suitable electrical transmission infrastructure is essential.  Who should pay for this 

“connection” cost is a contentious issue as all current coal fired power stations in Australia have had this 

cost paid for from the public purse.  

Figure 2 shows the regional power distribution from an Ergon Map with a 110 kV electricity transmission 

line from Middle Ridge, Toowoomba to Dalby, passing near Jondaryan.  Figure 3 shows the current 11 

and 33 kV transmission lines from the EIS with proposed changes. The maximum power rating of these 

transmission lines, and current peak demand, will determine the capacity of the transmission lines to 

handle the output from solar PV farms around Acland.  A major upgrade of this system may be required 

but is not investigated here. 
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Figure 2 – Regional Electricity Transmission System (Courtesy Ergon). 
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Figure 3– 33 kV and 11 kV Electricity Transmission Lines at Acland Mine Site (from Stage 3 EIS, Ch. 3, 

Fig 3-26, p.3-70) 

 

Legend:  33 kV - Blue and Green , 11 kV – Brown 

 
 
Figure 4 shows the location of possible solar PV farm areas avoiding flood prone areas and remnant 
native vegetation areas.   
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Figure 4 – Solar PV Farms (Dark Blue Areas 1 to 9) avoiding Lagoon Creek flood zones, Strategic 
Cropping Land and protected regional ecosystems. (overlaid on EIS, Ch. 4, Fig. 4-7b) 
 

 

 

Table 2 summarizes the land areas available within the mining site, the peak power of PV farms on each 

area and the total annual energy production from fixed solar arrays. This is relatively flat land where the 

maximum slope estimated from contour maps for any of areas 1 to 9 is about 1.7 degrees.  
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Table 2 – Solar PV Farm Land Areas, Peak Power (MWp) and Energy Production (GWh/yr) 

Area No. Area (km2)

PV Power 

(MWp)

1 1.88 93

2 0.95 47

3 0.18 9

4 0.89 44

5 0.81 40

6 0.14 7

7 0.18 9

8 0.68 34

9 1.56 77

Total 7.27 359

7266917 m
2

Peak Power Production Density 49 W/m2

Max Potential PV Power 359 MWp 

Annual Production 566 GWh/yr

Average Qld.  Home Consumption 8 MWh/yr  
Notes: 
Solar Irradiation based on NASA and Ausolrad  
Daily Average = 5.5 kWh/m2 for 25 deg fixed plane facing north  
Correction factor of PV module temperature and Inverter Efficiency = 0.8 
Availability Factor = 0.98 
Average Qld. home electricity consumption based on Energex data 2004 

 
Note that this estimate of energy production is conservative as it does not include: 
 

 Land adjacent to those areas within the mining lease area that may be included in the solar PV 
farms by negotiation with property owners to lease land. 

 Land within the mine lease that may have been rehabilitated. 

 Allowance for sun tracking solar PV arrays that would increase the overall energy output by 
about 1.25 times. 

Food and Energy 
The Acland region could continue to be a food production region, in combination with renewable energy 

power generation. This combination has been very successful throughout the world in providing farmers 

with income security from dual revenue sources.  

The Oakey Coal Action Alliance has prepared a plan for food production from the New Hope Acland 

mine, Stage 3, an area of about 4600ha. They have utilised for their calculations 1360 ha of arable land 

for mostly irrigated farming, currently classified as Strategic Cropping land. The proposal uses the same 

water allocation of 3.3 GL per annum that would be used for coal washing and dust suppression and the 

same area of Strategic Cropping Land that will be lost if Stage 3 is approved. Tables 3a and 3b show 

calculations based of 4 rotations of annual crop production over 4 years.   
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Table 3a – Potential Crop Production and Food Metabolic Energy Content (Rotations 1 to 3)

Crop Area (ha) Yield (t/ha) Yield (t)

Rotation 1

Cotton 495 10 4950

Potatoes 80 35 2800

Sweet corn 150 8 1200

Green beans dc on sweet corn 150 5.5 825

Total Land Area 725

Dryland/Irrigated Land

Sorghum 431 3.7 1594.7

fallow 200

Total Land Area 1356

Rotation 2

Sweet corn on cotton ground 200 8 1600

Green bean dc on sweetcorn ground 200 5.5 1100

Cotton on sweet corn/ green bean ground 40 10 400

Cotton on fallow ground 200 10 2000

Cotton on 'dry'  sorghum ground 200 10 2000

Potatoes on sweetcorn/green bean ground 80 35 2800

Total Land Area 720

Dryland/Irrigated Land

Sorghum on cotton ground 300 2.5 750

Sorghum min. till sorghum 231 3.7 854.7

Fallow 110

Total Land Area 1361

Rotation 3

Cotton on sweet corn/green bean ground 120 10 1200

Cotton on fallow ground 110 10 1100

Cotton on 'dry' sorghum ground 250 10 2500

Sweet corn on cotton ground 200 8 1600

Green beans dc on sweetcorn 200 5.5 1100

Potatoes on sweetcorn/green bean ground 80 35 2800

Total Land Area 760

Dryland/Irrigated Land

Wheat on cotton land 240 3.7 888

Sorghum min till sorghum 231 3.7 854.7

Fallow 130

Total Land Area 1361   
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Table 3b – Potential Crop production and Food Metabolic Energy Content (Rotation 4) 

Crop Area (ha) Yield (t/ha) Yield (t)

Rotation 4

Cotton on sweet corn/green bean ground 120 10 1200

Cotton on fallow ground 130 10 1300

Potatoes on 'dry' sorghum ground 80 35 2800

Cotton on 'dry' sorghum land 190 10 1900

Sweet corn on cotton ground 200 8 1600

Green beans dc on sweetcorn 200 5.5 1100

Total Land Area 720

Dryland/Irrigated Land

Chickpea on sorghum ground 130 1 130

Chickpea on wheat ground 240 2 480

Fallow 271 tonnes

TOTALS 1361 ha 45427

Total Food 26877

Total Fibre 18550

Gross Food Energy (TeraJoules) over 4 yrs 727 TJ  

Note: Assumes 16 MJ/kg (FAO, 2003). 

From the area of land and annual production, the total volume of food and energy content of the food is 

calculated. It is expressed as gross energy (GE) or ingested energy, assuming an average energy content 

of  16 megajoules per kilogram (MJ/kg) of food (FAO, 2003).  It shows that this area alone could 

produce about 182 terajoules (TJ) of gross energy (GE) annually.  The average Australian male 

consumes about 9 megajoules per day or 3,300MJ per year.  So this irrigated land area could feed up to 

about 50,000 people annually if the food is largely unprocessed. Any crop used for meat production or 

is highly processed would reduce this estimate due to losses in energy conversion to meat and 

processing energy.  

A further 1000ha would be available for dry land cropping rotations. This makes allowance for solar PV 

farms, habitat, Acland town, roads, dams, creeks and land not arable. Based on experience across the 

Darling Downs, this would provide another 90 TJ for gross energy from chickpeas, wheat, mung beans 

and sorghum. Hence it is estimated that the total gross energy from cropping of 2360ha is about 272 

terajoules annually. This is enough to feed about 70,000people if eaten as unprocessed food as part of 

a mixed diet.  While this number is an upper estimate, it is indicative of the importance in preserving 

cropping land in Australia as only about 4 percent of Australia has good soils with relatively reliable 

rainfall.    This is almost half of the population of the Toowoomba Regional Council according to the 

2011 Census.   
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Employment Opportunities 
This section provides a range of estimates of full-time job equivalent years (FTEs) that could be provided 
by the development of solar PV farming over the Acland mine site shown in Figure 6. It is the potential 
jobs created by these combined land use activities,  over the long term, that should be compared to 
the short term jobs created by mining booms. 
 
To put employment in the coal industry into perspective, the industry currently employs about 30,000 
full-time employees in Queensland or about 1.7 percent of full-time jobs (DNR&E, 2014; ABS, 2014). It 
is a mature but not labour intensive industry.  By contrast, the renewable energy industry is labour 
intensive and has grown rapidly in recent years. It now employs about 25,000 full-time equivalent 
workers across Australia with solar PV sector being the greatest employer at around 17,000 FTEs. (CEC, 
2013).  The largest proportion of these jobs is in Queensland due to the high uptake of solar PV.  
 
There are a number of complicating factors that must be considered in any evaluation of employment 
opportunities created by various industrial developments. Invariably, there is a vested interest with the 
project developer to make the numbers appear as favourable as possible.  Various methodologies are 
used such as input-output modelling and all have limitations. The EIS employment analysis states some 
limitations of the input-output modelling outlined in the EIS Chapter 17. These include: 
 

“Estimates derived from the IO model do not necessarily constitute generated/induced economic 

impacts, since IO modeling and derived multipliers reflect static impacts from observed industry 

linkages, and do not account for a fixed supply of labour and capital in the domestic economy. 

Therefore it is not known whether (for example) employment impacts from the revised Project 

constitute generated employment, or supported employment (employment transferred from 

other industries / developments). This applies not only to employment, but to estimates of 

output, value added and household income impacts.” (NHG IES, Chap. 17, pp. 17-18) 

“It should also be noted that the Queensland and regional Study area IO model have been 

developed based on direct requirement aggregates from the national totals. Therefore there is 

potential that where a smaller sample area is assessed, results may not be aligned with an 

observed normal distribution and magnitude of impacts and impacts may be overstated.” (NHG 

IES, Ch. 17, pp. 17-18) 

Regional study area allocation of project expenditure may be different to that stated. “While it is 

too early in the planning stage to accurately define regional allocation of expenditure, at this stage 

NAC anticipates potential allocation of construction / capital and operating expenditure as 

follows.” (NHC IES, Chap. 17, pp. 17-20) 

Some other factors that need to be considered in estimation of employment creation are: 
 

 Consistency in methodology and units of measurement and jargon is required to make fair 
comparisons between development projects.  For this reason, induced full-time job equivalents 
will not be included in the comparison of employment created by the solar PV farm and the coal 
mine expansion as suitable reliable data are not available for solar PV farms.  
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 Mining is a relatively capital intensive rather than labour intensive operation. Improvements in 
technologies often include automation to reduce labour content over time. In the mining sector, 
automated / remote control of mining transport vehicles and trains is under trial in Australia. 
 

 Many studies and estimates of employment creation do not account for job losses in other 
sectors of economies.  
 

 The Acland mine development displaced local workers from occupations associated with 
previous land use on farms and other properties in this region. It is not clear if these lost jobs 
are accounted for in the FTEs analysis in the EIS. 
 

 Renewable energy projects typically create more jobs per unit of energy than from fossil fuel 
mining and use (Wei, 2010:922).  
 

 The mining industry has been paying very high wages to full-time employees and this has 
distorted the labour market. Highly skill workers are often drawn away from other key areas of 
the economy which provide longer term jobs and are not necessarily subjected to the boom / 
bust cycles of mining.  How many new jobs are created as opposed to transferred from other 
areas is difficult to assess. 
 

 The avoided impacts and costs of not mining such as global warming, community health, land 
rehabilitation, pollution control etc can free up capital to employ people in other areas of 
economies such as in more ‘green’ jobs. This is seldom accounted for in input-output models. 
 

 Subsidies to industries can distort the market and create jobs in sectors that exacerbate social 
and environmental harm.  It is well recognised by the International Energy Agency (IEA, 2013) 
and International Monetary Fund (IMF, 2013) that subsidies to the fossil fuel industry are doing 
this.  Both Federal and State Governments have heavily subsidized this industry (Berrill, 2012). 
 

The unit of measurement used here is the full-time job equivalent (FTE) as measured by job-years.  One 

FTE is full-time employment for one person for 1 year (Wei et al, 2010:920).  This is taken here as 1762 

work hours per year per full-time employee based on 38 hours per week, 4 weeks annual leave and 8 

public holidays (ESQ, 2011).  “It is important to define employment terms as there is often confusion 

about types of jobs and job-years.  “Jobs’’ and ‘‘job-years’’ are often used interchangeably.  However, 

referring to ‘‘jobs’’ created without a duration can be misleading.” (Wei et al, 2010:920) 

FTEs are generally estimated for direct, indirect and induced jobs. These are defined as: 
 

 Direct employment includes those jobs created in the design, manufacturing, delivery, 

construction/installation, project management and operation and maintenance of the different 

components of the technology, project or power plant, under consideration. 

 Indirect employment refers to the ‘‘supplier effect’’of upstream and downstream suppliers. 

 Induced employment accounts for the expenditure – induced effects in the general economy 

due to the economic activity and spending of direct and indirect employees. (Wei et al, 

2010:920-921) 
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The approach taken here is to give estimates of the total full-time equivalent (FTE) job years, both direct 
and indirect, over the lifetime of the solar and mining projects. Induced FTEs are not included in this 
comparison as reliable data for solar PV farm construction and operation could not be found. However, 
it is likely to be similar to the construction phase in mining as many job skills are similar (ESQ, 2011).  
FTEs can be calculated for electrical energy systems based on either FTEs per unit of peak power 
(megawatts, MW) or as FTEs per unit of energy (gigawatt-hours, GWh). Both are used here for solar PV 
farm construction and operation.   
 
FTEs per unit of energy generated per year are based on a detailed study from the USA (Wei et al, 2010) 
comparing various studies globally. It is described by the authors as:  “This report reviews 15 recent 
studies on the job creation potential of renewable energy, energy efficiency, and low carbon sources 
such as carbon capture and sequestration (CCS) and nuclear power. The paper first clarifies job 
definitions and then a common metric and normalization methodology is introduced to allow for 
meaningful comparison of studies. A meta-study of many papers is done to take ranges and averages of 
normalized job multipliers. Unlike most other renewable energy studies, an attempt is made to take into 
account job losses in the coal and natural gas industry as a first step to capturing wider economy effects. 
Using the normalized direct employment multipliers from the meta-study, a simple analytical jobs model 
is described that generates job projections out to 2030 as a function of user-defined scenarios for EE, RE, 
and low carbon supply sources. The paper is thus a unique synthesis of many existing studies and the 
resultant jobs model can assist policy makers in answering three key questions:” 
 
FTEs per unit of peak installed power are based on revised estimates from local industry experience 
(Morris, 2014). This does not account for jobs lost in other industry sectors.  
 
Table 4 shows a comparison of the FTEs created by the solar PV farm over the life of the project using 

both methods outlined above.   The lower figure of 934 FTEs generously allows for job losses in other 

parts of the economy.  

Note that the FTEs used for comparison with the New Hope Acland Stage 3 mine proposal is the 

higher value of 1903 FTEs as the coal mine FTEs stated in the EIS do not include jobs lost in other parts 

of the economy. 

 Table 4 – Full-time Equivalent jobs, both direct and indirect.  

Employment FTEs per GWh/yr

FTEs/GWh 

Multiplier

Life Cycle FTEs 

Construction & 

Operation

Direct FTEs 0.87 493

Indirect FTEs 0.78 442

Total Qld 934

Employment FTEs per MW peak

FTEs/MWp 

Multiplier

Life Cycle FTEs 

Construction & 

Operation

Direct and Indirect 5.3 1903

Solar PV Farming

 
Sources: (ESQ, 2011; Wei et al, 2010; Morris, 2014; EIS, Ch. 17, p.17-22) 
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There are a number of key points from the comparison of employment between the mine and the 

solar PV farms combined with traditional land uses. These are as follows: 

 The remaining life of the mine is estimated at 15 years (2015 to 2029). By comparison, the life of 

solar PV farms is conservatively estimated at 25 years and can simply be upgraded to continue 

indefinitely into the future (i.e. for generations).  Hence, a fair comparison is to compare the 

mine FTEs over the remaining 15 years of operation with indefinitely sustainable options of 

jobs created from multiple activities on this land including solar electricity farming, food 

farming, tourism and recreation.  These would provide many times the jobs over time that the 

short term coal mine will generate.   

 Solar PV farming alone generates about 1900 full-time equivalent (FTE) job years over the life 

of the system, both directly and indirectly.  This is equivalent to about 50 direct FTEs each year 

plus a similar number of indirect jobs. When combined with small crop vegetable farming on 

1360 ha irrigated land, the land area for the Stage 3 mine proposal could provide about 180 

full-time equivalent (FTE)  direct jobs each year indefinitely from these activities (Vale et al, 

2014).  Additional jobs would be created from dry land cropping (another 1000 ha available), 

grazing and tourism over remaining parts of the mine site land.   

 By comparison the Acland mine proposal offers about 412 direct FTEs each year of operation, 

but only for 15 years.  

 Solar PV farming can be staged to spread jobs over time as most jobs are generated during the 

of construction phase.  This is because it is a modular technology that could be installed in say 

lots of 10 to 20 megawatts every couple of years. Jobs are also needed for yearly maintenance, 

upgrading inverters (every 15 years) and upgrading solar panels (every 20 to 25 years).   

 There are many indirect jobs associated with these multiple land use activities suggested in 

this report.    

 There is considerable dispute over the indirect FTEs multipliers used by the coal industry 

which are much higher than those used by other industry sectors.  The coal industry’s methods 

to calculate indirect FTEs have been described as “biased” by the Australian Bureau of Statistics 

and “abused” by the Productivity Commission (Campbell et al, 2013:1) 

Greenhouse Gas Emissions 
All products and services involve the mining, processing, manufacturing and disposal of materials and 

the consumption of energy at all stages associated with their use.  Greenhouse gas emissions (GHG) are 

just one of the waste streams associated with our use of products and services. Life cycle assessment 

methods measure these material and energy flows and wastes streams over the estimated life of 

products and services. Greenhouse gas emissions are an important waste stream to quantify in order to 

limit global warming.   

Agriculture produces GHG emissions from nitrogen fertilizer use, leaching, atmospheric deposition 
(volatilisation), crop residues, nitrogen fixing crops (pulses), stubble management, livestock and fuel use. 
Using the combined upper value for cropping and fuel use of 420 kg CO2e per hectare per year  from a 
study of Wimmera-Mallee farms (White et al, 2011), the proposed cropping of 2360ha of Acland would 
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produce about 15,000 tonnes CO2e over the 15 years remaining life of the coal mine. This is insignificant 
compared to the emissions from the burning of the coal mined over that time as will be seen below.  
  
To compare the emissions from coal with solar PV farming, this report uses data for the greenhouse gas 

emissions from PV plant from the National Renewable Energy Laboratory in Colorado, USA. This 

summarises data from over 400 studies in the life cycle emissions from PV power stations. The results 

show a comparison at 0.04 kg CO2e/kWh for solar PV with 1 kg CO2e/kWh for coal fired electricity. This 

is show in figure 5. 

Figure 5 – Life Cycle Assessment of GHG Emissions – Photovoltaic VS Coal-fired Electricity Generation 

(NREL, 2012) 

 

The greenhouse gas emissions (GHG) of both projects are compared below in Table 5. This includes GHG 

emissions from the mine’s fuel and electricity use and the burning of the coal in power stations similar 

to Queensland’s Stanwell Power Station.  

Note that the Acland project EIS does not include greenhouse gas emissions from transport off site.  

Hence it does not include rail and road shipment of up to 7.5 Mt of coal per year, made up of 0.2 Mt by 

road to domestic consumers and 7.3 Mt by rail for export via the port of Brisbane. It also does not 

include emissions from the further transport and use of this coal overseas. Hence it is a conservative 

estimate. 
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Table 5 shows that the bulk of greenhouse gas emissions (99%) from this coal will occur overseas as 

generation of electricity in power stations similar to Queensland’s Stanwell Power Station. This would 

produce 242 million tonnes (Mt) of CO2 for a production rate of 7.5 Mt per year over 12 years.  If 

instead this electricity was generated by solar systems in sunny locations similar to Acland, then a 

further 235 Mt of emissions would be avoided.  Furthermore, some emissions will be imported back 

from those countries to which this coal is exported, embodied in the goods made from the electricity 

generated from the coal.  Pearse and others argue that, as one of the biggest exporters of coal, Australia 

should take responsibility for off-shore emissions created by export of our coal (Pearse, 2010).   

 Table 5 – Life Cycle Greenhouse Gas Emissions from the Solar PV Farm VS the Proposed Stage 3 Mine 

Mining and Energy Generation Type

LCC GHG 

Emissions 

(MtCO2e) Comments

359 MW Solar PV Farm at Acland 0.57 Reducing over time due to manufacturing 

improvements

New Hope Acland Mine Stage 3 2.4 Doesn't include rail and road transport

Electricity Generation from Acland 

Coal at 7.5 Mt for 12 years

242.0 Doesn't include transport of coal and 

decommisioning of plant at end of life

Total Emissions from Coal 244.4 On-site and off-shore

On-site Reduction due to closure of 

mine and Solar PV Farm construction

1.8

Off-shore Reduction due to closure of 

mine and if Solar PV farms are used 

instead of coal

232.3 Assumes solar PV is used to generate 

equivalent energy as coal power stations & 

creates 9.7 MtCO2e over its 25 yr life.
 
Notes: 

 Solar PV farm life 25 years. CO2 emissions as per NREL, 2012 report. 

 CO2 emissions from coal fired electricity generation are based the overall efficiency (37%) and capacity 
factor (0.76) from Stanwell  Corporation 2010 Annual report - Stanwell Power Station 07-08 generation of 
8713GWh  using 3.24Mt of coal per year (Stanwell, 2010:29). 

GHG Emission Abatement Methods at Acland Mine Stage 3 
While a range of methods are suggested in the Stage 3 EIS to reduce or “off-set” on-site greenhouse gas 

emission, the only measures that are likely to have any effect are those to reduce operational electricity 

and fuel use.    This is because: 

 Alternative fuels are unlikely to be available for retrofitting to existing heavy vehicles. 

 Capturing and flaring fugitive gas emissions is dismissed as not ‘feasible’. 
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 Carbon sequestration is considered to have a ‘relatively low potential to offset greenhouse gas 

emissions’ (EIS, Ch. 10, Section 10-5.) 

 Carbon trading is simply not going to happen under current State and Federal governments as 

the legislation will be repealed in July, 2014. 

Typical savings identified through energy audits from more efficient use of diesel fuel or electricity are 

about 10 to 20 percent. This would equate to about 0.24 to 0.48 MtCO2e per year. While worthwhile, 

these savings constitute a very small fraction (0.1 to 0.2%) of the total emissions (242 Mt) from the 

burning of this coal.   

Economics – Costs and Benefits 
 Due to economies of scale and manufacturing cost reductions, the price of solar PV electricity systems 

has dramatically fallen in recent years. Current installed costs per Watt, without any Government 

assistance, for small domestic systems are around $2 per Watt. Large scale commercial systems can 

benefit from economies of scale and should cost no more, including allowance for grid connection 

provided they are sited close to suitable size transmission lines.    

The capital cost of a large scale solar PV farm is estimated here to be between $1.5 and $2.5 per Watt of 

installed peak power. This would put the total capital cost of a 360MWp solar PV farm in the Acland 

region at between $539 and $898 million.   

The project would benefit the Queensland and Toowoomba regional economies in a number of ways. 

This includes: 

 Capital and wages expenditure during the construction and operation phases of the solar PV 

farming, combined with that from cropping, grazing, tourism and recreation.  

 Major upgrades required for inverters every 15 years and of solar panels every 25 years.   

 Income to land owners from providing land for solar PV farms. This is often paid as a proportion 

of income earned from the sale of the solar electricity.  

 Saving of tax payers’ money spent on further subsidies to the fossil fuel industry. 

 Reduce external costs, such as pollution and health costs, to future generation.  

Solar PV farming is set to expand in Australia as the demand for clean energy increases, older fossil fuel 

power stations are retired, energy storage becomes more affordable (allowing solar to generate at 

night), and different project funding models are developed.  

Table 6 shows the capital cost of 360 MW of solar PV farming over the stage 3 mine site, the potential 

land owner income and retail value of the electricity sold to commercial or domestic customers across 

Queensland.   
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Table 6 – Summary of Solar Farming Economics 

Acland- Solar Farm Economics 

Peak PV Power 359 MWp 

Annual Output 566 GWh/yr

Capital Cost $500 to $800 Million

Land Owner Income $822,301 $/yr

Solar PV Farming Area 750 ha

Land Owner Income/ha $1,096 per yr

Retail Value of Electricity sold to Commerce and Homes

at 20c/kWh Commerce $113 Million per yr

at 30c/kWh Homes $170 Million per yr  

Notes: 

 Income to land owners from providing land for PV farms is estimated as a proportion of income earned 

from the sale of solar electricity. It is taken here as equal to about half the rate paid to land owners with 

wind farms on their properties.  

 Retail electricity rates of 20 to 30 cents per kilowatt-hour (c/kWh) includes all bill costs such as energy 

charge, demand charge etc.   

The economics of the New Hope Acland mine Stage 3 needs to be considered on a cost-benefit analysis 

and include the full environmental and social costs (externalities) of this project.  For purposes of 

comparison, table 7 shows a summary of the Acland coal mining project stage 3 projected expenditure 

benefits on household income averaged across the State from direct, indirect and induced expenditure.  

In reality, the benefits accrue unevenly across households. 

Table 7 - Projected Household Income Benefit from the Acland Stage 3 Mine for Qld. Households 2013 

(EIS, chapter 17, p.17-23)  

Acland Project Household Impacts $$ Mill. Impact per Qld. Household

Direct $1,973 1,055

Indirect $1,322 707

Induced $992 531

Total $4,287 $2,293

Annual Household Income Impact $/yr $164  

Note: Assumes 1.87 million households extrapolated from State Government report (OESR, 2010)).  

However, the fossil fuel industry continues to receive each year a massive handout of tax payers’ 

money from both State and Federal Governments.  Whether this expenditure is defined as subsidies or 

not is often difficult to determine as the G20 countries cannot agree on what constitutes a subsidy.  

Federal subsidies are estimated to be about $10 billion but it varies a little from year to year (Wood et 



Acland Sustainable Energy Plan by T.Berrill,  Sustainable Energy Systems Consultant, Mar 2014  

27 
 

al, 2012). State subsidies are currently less than $1 billion but under the former ALP State Government, 

they average $1.38 billion each year over 5 years to 2012 (Berrill, 2012).  

As well, the mining and burning of coal for power generation in this State conservatively costs 

Queenslanders about $6.7 billion per year in environmental and social costs (Berrill, 2012:36). The full 

details of where these costs are incurred are shown in Appendix 1 based on a Harvard University study 

(Epstein et al, 2011). This estimate is probably low given the likely loss of tourism income from the rapid 

decline of the Great Barrier Reef (GBR), due in part to global warming and mining and other land use 

impacts along the coast.  This decline is already happening. The value of the GBR to the Australian 

economy in 2011-12 is conservatively estimated at $5.7 billion and 69,000 FTEs. (Deloitte Access 

Economics, 2013:i). Note this the direct and indirect value, and does not include an estimate of the 

induced value.   

Table 8 summaries the cost to Queensland households of State and Federal subsidies and external costs 

of the fossil fuel industry.  

Table 8 – Subsidies and External Costs of Fossil Fuel Use for Queensland Households 

Subsidies or Avoided Costs $$ Bill/yr Cost per household per year No. of Households

Qld. Subsidies to Fossil Fuels 0.5 $267 1.87

Qld. External Costs of Coal Power 6.7 $3,589 1.87

Fed. Subsidies to Fossil Fuels 10 $1,176 8.50

Total per Qld. Household $5,033
Notes: 

 State subsidies to fossil fuels industry include monies to coal mining infrastructure such as roads, 
electricity systems, railways and ports. This does not include any indirect subsidies.  

 External costs of coal power electricity within the State are adjusted from $6 billion per year, estimate in 
Berrill, 2012, to $6.7 billion.  RBA exchange rate of 1.119 was used. This does not include external costs of 
coal seam gas exploration, mining, processing, transport and use. 

Health and Safety Comparison  
Maximising health and safety throughout the whole manufacturing and use chain for all energy systems 

is of critical importance.  This includes worker health and safety as well as minimising community 

exposure to health impacts such as toxic chemicals, dust and noise.  Table 8 shows a qualitative 

comparison of health and safety concerns for workers and the community along the life cycle of 

different energy supply systems.  It assumes that similar OH&S regulations and practices are carried out 

for each energy system as applicable. Table 9 shows that renewable energy technologies are likely to 

provide healthier and safer worker and community conditions over the life cycle of each technology 

compared to fossil fuel and nuclear power generation.  

 



Acland Sustainable Energy Plan by T.Berrill,  Sustainable Energy Systems Consultant, Mar 2014  

28 
 

Table 9 - Qualitative Comparison of Worker and Community Health and Safety (H&S) 

Technology Worker H&S  of 
Fuel Source – 
mining, transport 
& handling  

Worker H&S 
during 
Manufacture / 
Construction 

Worker H&S 
during System 
Operation 

Community 
H&S   

Worker H&S  
during Disposal 
or Recycling 

RE and EE Exposure to 
sunlight for 
maintenance. 
Dust and 
chemicals from 
biofuel farming 
practices.  

Typical 
construction 
industry OH&S. 
Few 
toxic/carcinogenic 
chemicals used 
although some are 
associated with 
PM 1 generator 
manufacture. 

Typical power 
system OH&S. 
Few 
toxic/carcinogenic 
chemicals used. 
Air borne 
particulates from 
biomass 
generator 
combustion 

Exposure to 
noise, and 
particulates 
from biomass 
generator 
combustion, if 
living close by 
or along 
transport 
routes for 
biomass 
generators. 

Few 
toxic/carcinogenic 
materials. Some 
composite 
materials are 
hard to recycle. 
Systems tend to 
be smaller and 
modular – more 
suited to 
collection and 
recycling. 

Fossil Fuels Dust, toxic/ 
carcinogenic mine 
tailings, 
particulates and 
noxious gases 
from combustion. 
Potential long 
term 
contamination of 
land and water. 

Typical 
construction 
industry OH&S. 
Exposure to 
toxic/carcinogenic 
fuels. 

Typical power 
system OH&S. 
Exposure to dust, 
toxic/carcinogenic 
fuels and 
chemicals. 

Exposure to 
noise, dust and 
particulates 
from 
combustion, if 
living close by 
or along 
transport 
routes. 

Typical of large 
engineering 
infrastructure 
demolition. 
Requires 
extensive, long 
term 
rehabilitation and 
site monitoring 
for pollutants. 

Nuclear Radioactive, 
toxic/carcinogenic 
fuels require high 
levels of safe 
handling. 
Potential long 
term 
contamination of 
land and water. 

Atypical 
construction 
industry OH&S. 
Radioactive, 
toxic/carcinogenic 
fuel rods require 
high levels of safe 
handling. 

Atypical 
operation with 
fuel requiring 
high levels of safe 
handling. 

Local 
radioactivity 
monitoring. 
Long term 
land/sea/ 
water/food 
contamination 
possible after 
catastrophic 
meltdowns. 

Atypical of large 
engineering 
infrastructure 
demolition due to 
radioactive 
components and 
fuel rod disposal. 
May require high 
levels of security. 
Requires 
extensive, long 
term 
rehabilitation and 
site monitoring 
for pollutants. 

1. PM = Permanent Magnets used in generators for wind turbines. They are used extensively in many industries 

including computer drives. 

These benefits include: 

 Less likelihood of exposure of workers and the community to toxic or carcinogenic materials 

such as vapours, dust or fluids.  
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 Potentially easier recycling or disposal due to the smaller scale, modular nature of many RE 

systems. 

 Little need for long term rehabilitation or pollution monitoring of mining or generation sites. 

 Use of standard construction and maintenance industry OH & S practices with few if any special 

practices required. 

The communities surrounding the New Hope Acland mine have been proactive in identifying a number 

of health and safety issues that threaten their communities. Of prime importance are health issues 

associated with dust from the coal mining and transport.  Clean Air Queensland undertook monitoring at 

the Jondaryan coal stockpile and found that PM10 levels of particulates regularly exceeded legislated 

levels.   “The analysis showed that increases during a pollution event ranged from 518% of the pre-event 

levels, to 23391%. Based on this limited monitoring project, it appears that 1-2 peak events per hour are 

not uncommon.  Such events have the potential to cause serious short term and long term health 

problems for exposed residents and workers.” (Clean Air Queensland, 2013)  

Conclusions 
In conclusion, there are far more sustainable options for the future of the fertile Acland, Oakey and 

Jondaryan region than coal mining. This report has provided realistic project alternatives: that of 

combining solar PV farming with traditional land use activities of crop production, grazing, recreation 

and tourism.  

This report must be viewed in the light of pressure now on governments and businesses to divest 

themselves of investment in fossil fuels as global warming and other impacts for fossil fuels become 

more apparent and more costly. As well, there is increasing pressure to remove massive subsidies to 

these industries. As energy efficiency expert Associate Professor Alan Pears comments, “The 

International Energy Agency recommends countries adopt energy efficiency, limit construction and use 

of coal-fired power stations, minimise methane emissions from oil and gas production, and accelerate 

phase-out of fossil fuel subsidies. 

The World Bank recommends introducing a robust carbon price, removing fossil fuel subsidies, and 

encouraging adoption of clean energy. There is a clear message here for Australia.”  (Pears, 2014).  

This report provides a pathway to a sustainable land management plan for the Acland region. In 

particular, it maintains the soils and food production potential that this region offers. It offers farmers 

the potential of a more stable income by diversifying food production with solar electricity 

production.  This model of development could be implemented across Australia. It is far more 

sustainable economically, socially and environmentally than the current approach that has been 

termed “Quarry Vision” (Pearse, 2009).  

http://reneweconomy.com.au/2013/hidden-fuel-worth-hundreds-of-billions-ieas-new-energy-focus-27544
http://www.worldbank.org/en/news/speech/2014/01/15/climate-change-is-challenge-for-sustainable-development


Acland Sustainable Energy Plan by T.Berrill,  Sustainable Energy Systems Consultant, Mar 2014  

30 
 

Appendix 1 - External Costs of Coal-Fired Electricity over Life Cycle  

Mean values from Study by Epstein, P. et al (2011). Full cost accounting for the life cycle of coal. 

Published in Annals of the New York Academy of Science: Ecological Economics Reviews 

Life Cycle Externalities External 
Cost 
(c/kWh) 

Mining  Subsidies – electricity/water/fuel rebates 
Reduced Prop. Values 
Displacement of other industries / Jobs / long term earnings – 
Agriculture/Tourism 
Econ. Boom/bust cycle of commodities 
Mortalities/Morbidity workers / community 
Trauma surrounding communities 
Accidents and Fatalities –  workers/  transport  /subsidence  
Hospitalisation costs  
Heavy metals and contaminated land / rivers /estuaries / GBR 
Loss of habitat and species 
Air pollution 
Acid mine drainage 
Methane emissions 
Rehabilitation and monitoring 

4.4 

Transportation - 
70% of rail traffic is 
for Coal (USA) 

Subsidies 
Rail and road repairs 
Accidents and Fatalities 
Hospitalisation costs 
GHG emissions  
Air pollution  
Vegetation damage 

0.09 

Combustion Mortality/Morbidity 
Hospitalisation costs 
GHG emissions 
Other Air pollutants (NOx, mercury, arsenic, selenium , Ozone 
and particulates) 
Infrastructure deterioration – acid rain 
Rail and road repairs 
Water and Marine pollution 
Soil contamination, coal ash and other wastes 
Freshwater use  
 

12.7 

Abandoned Mines 
and Waste Disposal 

Heavy metal health impacts – contamination, trauma 
following spills, tailing dam failure 

0.44 

Transmission Energy losses 
Ecosystem disturbance 
Vulnerability of grid to climate change events 

0.01 
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Acronyms / Definitions 
 

CCS – Carbon Capture and Sequestration (or Storage) – the process of capturing and storing indefinitely 

CO2 released from fossil fuel energy conversion systems such as coal or gas-fired power stations. 

CF – Capacity Factor – the ratio of the average energy output (typically over a year) to the maximum 

energy output if operated at full power output continuously. 

CSG - Coal Seam Gas – gas, primarily methane,  extracted from coal seams. 

CST – Concentrating Solar Thermal (also called STE) – energy systems that concentrate sunlight to high 

temperatures mostly for electricity generation. 

DSM – Demand Side Management – strategies to reduce peak demand on the electricity network, 

typically between 4 and 8pm at night E.g. appliances such as pool pumps or electric water heaters are 

controlled via signals from electricity distribution companies so these appliances can be switched off 

during peak periods. They use cheaper off-peak electricity tariffs to encourage consumers. 

EE – Energy Efficiency – energy savings achieved through replacing older technology with new 

technology that uses less energy and often less peak power. 

FIFO – Fly in, Fly out – a strategy of flying workers in and out of mine sites. It is used by mining 

companies to reduce costs by avoiding building long term expensive infrastructure around mines or 

towns close to mines. 

NSCL - Non-strategic Cropping Land - For the purposes of this report a category of Acland land which 

does not meet the strict eight soil categories for SCL, but is still able to be cropped successfully is termed 

non-SCL.  

PV – Photovoltaic – fundamental part of solar electricity panels that convert sunlight to electricity. 

RE – Renewable Energy – energy sources that are continuously replenished daily by natural processes on 

Earth’s surface. They include solar, wind, wave and biomass energy.  

SCL - Strategic Cropping Land - The classification of the best quality Queensland agricultural land as 

defined by the Strategic Cropping Land Act 2011 

http://www.legislation.qld.gov.au/LEGISLTN/ACTS/2011/11AC047.pdf 

STE –Solar Thermal Electric (also called CST) 

  

http://www.legislation.qld.gov.au/LEGISLTN/ACTS/2011/11AC047.pdf
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Units of Power and Energy 

Power – rate of consuming or generating power 
Power is typically measured in kilowatts (kW), megawatts (MW) or gigawatts (GW) 

1 kilowatt (kW) = 1000 Watts or Joules per second (E.g. An electric toaster uses about 1 kW) 

1 Megawatt (MW) = 1 million Watts or Joules per second 

1 Gigawatt (GW) = 1000 million Watts or Joules per second 

Energy – amount of joules consumed or generated over time  
Energy is typically measured in megajoules, gigajoules,  terajoules or petaJoules or as kilowatt-hours, 

Megawatt-hours or Gigawatt-hours. 

1 megajoule (MJ) = 1 million joules or 1 x 106 Joules 

1 gigajoule (GJ) = 1000 million joules or 1 x 109 Joules 

1 terajoule (PJ) = 1000, million,  Joules or 1 x 1012 Joules 

1 kilowatt-hour (kWh) = 1000 watt-hours  (E.g. 10 x 20 Watt light-bulbs running for 5 hours) 

1 megawatt-hour  (MWh) = 1 million watt-hours 

1 gigawatt-hour (GWh) = 1000 million watt-hours 

Conversions 
1 kilowatt-hour = 3.6 megajoules  

1 megawatt-hour = 3600 megajoules or 3.6 gigajoules 

1 gigawatt-hour = 3600 gigajoules or 3.6 terajoules 


