
 
 
 

 
 

  

 

 is the name given to any naturally occurring gas trapped in underground coal 

seams by water and ground pressure. The most common gas found in coal seams is methane which was 

formed millions of years ago as part of the burial of peat to form coal. The gas lines the open fractures 

between the coal and the inside of the pores within the coal. Coal seams store both gas and water. The 

water, which is under pressure from the weight of overlying rock material, holds the gas in place. CSG can 

be captured for use as an energy source for power generation or it can be processed into liquefied natural 

gas (LNG) for export and use worldwide. Natural gas is a low-emission alternative to coal when used to 

generate electricity. With the increasing demand for gas-fired electricity generation and a less carbon-

intensive future, Australia’s abundant supplies of CSG will ensure the industry will continue to grow. 

 

 

CSG is produced by the drilling of wells from the surface into the coal seam. In the extraction process, the 

water pressure is reduced when a well is drilled into a coal seam and the water is gradually pumped out of 

the seam. This allows the gas to flow to the surface of the well.  
 

As water production declines, gas production increases. In some cases, a process known as hydraulic 

fracturing is used to create passageways into coal seams to allow trapped gas to flow more easily out of 

coal seams.  
 

The gas from several wells is collected and passed to a central compressor station, from where it is added 

to a pipeline network for delivery to users including LNG processing plants. 

   
 

The amount of water from CSG operations can be significant with the water quality varying from drinkable 

to salty. The water extracted must be handled in an environmentally sound manner. Water can be treated 
through desalination or other processes and reused in a variety of ways such as in irrigation for farming 

land, and to top-up local water supplies. The water could also be injected into deeper aquifers, or allowed 
to flow into natural drainage. The means of disposal of this water may vary, subject to current 

environmental laws and regulations in the jurisdiction concerned.  For example, water from CSG operations 

in Queensland can be used for irrigation purposes once approvals have been granted by the state 
government and the water is treated if required.  
 

  
 

CSG can be mixed with conventional gas and coal seam gases from different fields and then piped directly 

to users or it can be used to fuel gas turbines for mine sites as well as for urban electricity generation. 
Growing gas demand globally for electricity generation and industrial development are encouraging further 

exploration. 
 

 



 
 
 

 
 

  

 
 

 Methane gas is a useful energy source that can be used close to its extraction point or can be 

piped to homes and industry.  
 

 It can also be piped to a liquefied natural gas plant (LNG) where it can be processed into LNG for 

export worldwide.  
 

 It produces 50% lower greenhouse gas emissions compared to black coal and 70% less than 

brown coal.  

 

 Water extracted in the process requires careful procedures and controls to minimise environmental 

risk.  
 

 Land where gas deposits are located can have multiple land uses. The use of this land needs to be 

managed following input from all stakeholders.  
 

 Greenhouse gases are produced as a result of CSG extraction.  

 

 Traditionally CSG has been extracted from coal seams during mining operations for safety reasons 

with the potentially explosive gas vented to the surface to reduce the serious safety hazard it 

poses in underground mining operations.  
 

 Australia’s CSG supplies already make a significant contribution to powering industries and 

households – CSG comprises 90% of Queensland’s gas production.  
 

 One petajoule (PJ) of gas is the equivalent heat energy content to about 43 000 tonnes of black 
coal or 29 million litres of petrol.  

 

 Geoscience Australia estimates Queensland's coal seam gas resources at around 4.5 trillion cubic 

metres: enough to power the whole of Queensland for more than 1000 years.  
 

 In Queensland proved and probable coal seam gas reserves as at December 2011 were 35,000 

petajoules (PJ)  

 

 



 
 
 

 
 

  

Coal seam gas is extracted through wells drilled into coal seams (see Figure 1). The initial phase of 
CSG production usually involves the extraction of formation water from the coal seams in order to 

reduce the water pressure and release gas from the coal. At 
the surface, water in the gas is separated and piped 

elsewhere for use or further treatment  
 

 

Australia has relatively large supplies of CSG resources, 

especially in Queensland and New South Wales (NSW). CSG 

has been produced in Queensland from the Bowen Basin 
since 1997 and in the Surat Basin since 2005. Exploration is 

also occurring in other Queensland basins, northern NSW, 
and other parts of Australia where there are known coal 

deposits. 
 

Gas from underground coal gasification (UCG) is sometimes 
confused with CSG. UCG is the process of gasifying coal in-

situ via combustion. It transforms underground coal into 
synthetic gas (commonly known as syngas). Syngas consists 

of carbon monoxide, hydrogen and methane. 

 

 

  

Figure 1 Schematic diagram of coal seam gas extraction process. 



 
 
 

 
 

Produced water (also known as CSG water or wastewater) is 
the water that is pumped out of coal seams in order to release 
CSG. Over time, the volume of produced water normally 
declines and the volume of produced gas increases.  

Once they reach the surface, the produced water and the gas, 
which consists mostly of methane, are separated. The methane 
is collected and passed to a central compressor station where it 
is added to a pipeline network for delivery to users. The 
produced water is piped elsewhere for use or further treatment 
(see Produced water treatment and uses section).  
 

No two wells or coal seams behave identically and water 
production can vary from a few thousand to hundreds of 

thousands of litres a day, depending on the underground water 
pressures and geology. In Queensland, water production has, 
to date, averaged about 20,000 litres per well per day.  

Whether or not the process of water extraction poses a 
problem will depend largely on the interaction, if any, between 
CSG production and aquifer systems and on what is done with 

the produced water.  

 

The water that is produced from a coal seam has generally 
been underground for a long time with very little fresh water 
penetration. As a result, the water often contains salt. CSG 
water contains mainly sodium chloride (varying from 200 to 
more than 10,000 milligrams per litre), sodium bicarbonate and 
traces of other compounds. Total dissolved solids in produced 

water in Queensland has, to date, averaged about 6 grams per 
litre (g/L), which is about one sixth that of sea water.  

 
Figure 1. Water treatment plant (photo source: Australia Pacific LNG).  

 

Produced water quality is generally not fit for drinking. 
Depending on its intended use and quality, CSG water can be 
used directly, treated and then used, or directly reinjected.  

CSG produced water has a number of uses, depending on its 
quality and quantity. Generally, however, the beneficial uses of 
CSG water are limited without treatment.  

The potential uses for produced water include:  

 water as a supply for local farmers and communities  
 irrigation of agricultural crops or plantation forestry  
 dust suppression  
 industrial purposes (e.g. drilling, coal washing for coal 

mining, cooling in power stations)  
 discharge of interim or occasional surpluses of treated 

water into local river or weir/dam systems (if the water is 
treated and conditioned to equal standards for discharge 
into rivers, it can contribute favourably to environmental 
outcomes for river systems already exposed to heavy 

irrigation demand)  
 reinjection into suitable underground aquifers or discharge 

as surface water.  

 

Treatment of CSG water depends on the quality and quantity of 
the produced water, the intended use of the water, and the 
prevailing environmental laws and regulations.  

To treat the water to a standard suitable for town water supply 
or other purposes, such as farm irrigation, would require at 
least reverse osmosis (RO), or a similar technology to remove 
the dissolved salts and other chemical compounds. Water 
treatment also often involves balancing the water chemistry. 

RO is a robust and well-proven technology that can filter out up 
to 95 per cent of the salts and organic compounds. Some 

operators have used RO to treat produced water, which is then 
used on plantations, in fish ponds or for other beneficial uses. 

The treatment process results in super saline brine or solid salt, 
depending on the process used, which can require further 
treatment or disposal. For instance, brine can be disposed of by 
injection into deep geological formations. 

 

In Queensland most untreated produced water was, 
historically, disposed of in evaporation ponds ranging from 1 to 
100 hectares in area. In 2010 evaporation 
ponds were discontinued as a primary 
means for the disposal of CSG water 
because of concerns over leakage of saline 
waters into soils, aquifers and rivers. 
Remediation of all evaporation ponds is 
anticipated to occur within three years.  

Treated CSG water can also be reinjected into suitable aquifers 
or surface water systems but impacts on those aquifers need to 
be considered.  

  



 
 
 

 
 

 

Liquefied natural gas (LNG) is a fossil fuel that when burned reduces carbon dioxide (CO2) emissions 
by 30–60% in comparison with heavier hydrocarbon fuels. 
 

LNG is natural gas that has been liquefied by a process of cooling it to -161 C, and significantly reducing the 

volume (to 1/600 of original volume) for transportation. This is similar to reducing the volume of a large beach 
ball of air to that of a Ping-Pong ball of liquid. 
 

LNG is colourless, odourless, non-toxic and does not linger in the environment. When spilled on water or land, 

LNG does not mix with water or soil or leave a residue; it disperses rapidly in the air. 
 

 

Leading exporters of LNG include Qatar, Indonesia, Algeria, Malaysia, Trinidad, Egypt and Australia. Australia has 

exported LNG since 1989 and is currently the world’s fourth-largest LNG exporter. The Australian petroleum 
industry is aiming to make this country the world’s largest LNG exporter by 2020. 

 
Australia has three operating LNG projects. Another seven LNG projects – representing a total investment of 

more than $200 billion – are now under development. Still more are on the drawing board. The Australian LNG 
industry makes a significant contribution to the Australian economy, in 2011-12, Australian LNG cargoes earned 

almost $12 billion in export revenue. 
 

 

Feed gas to the liquefaction plant comes from areas where natural gas or coal seam gas has been extracted from 
the earth.  
 

The carbon dioxide and water found in the natural gas are removed to avoid freezing up and damaging 

equipment when the gas is cooled and to meet the size of the pipelines.  

The liquefaction process cools the feed gas by using refrigerants. The liquefaction plant may consist of several 

parallel units (commonly known as “trains”). The natural gas is liquefied at atmospheric pressure.  

LNG is a cryogenic liquid. The term “cryogenic” means low temperature, generally below -73°C. LNG is a clear 
liquid, with a density of about 45% that of water.  
 

The LNG is usually stored in double-walled tanks at atmospheric pressure. The storage tank is actually a tank 

within a tank. The space between the two tank walls is filled with insulation. The inner tank, in contact with the 
LNG, is made of 9% nickel steel, suitable for the low temperatures and loading of LNG. The outer tank is 

generally made of carbon steel or prestressed concrete. 
 



 
 
 

 
 

 

From the tanks the LNG is pumped onto LNG tankers which are double-hulled ships specially designed and 

insulated to prevent leakage or rupture in an accident. The LNG is stored in a special containment system within 

the inner hull where it is kept at atmospheric pressure and -161°C. 
 

Most of the current LNG ships use spherical (Moss) tanks, and they are easily identifiable as LNG ships because 
the top half of the spherical tanks are visible above the deck. The typical LNG carrier can transport about 90,000–

160,000 cubic metres of LNG, which will provide about 54–96 million cubic metres of natural gas. The typical 
carrier measures some 275 metres in length, about 43 metres in width and 11 metres in water draft.  
 

The ship size is similar to that of a large coal ship but significantly smaller than that of a Very Large Crude oil 

Carrier. LNG tankers are generally more environmentally ‘friendly’ than other shipping vessels because they burn 
natural gas in addition to fuel oil as a fuel source for propulsion regasified. 

 

 
 

 
 

To return LNG to a gaseous state, it is fed into a regasification plant. On arrival at the receiving terminal in its 

liquid state, LNG is first pumped to a storage tank, similar to those used in the liquefaction plant, at atmospheric 

pressure. When it is required for use, it is pumped at high pressure through various components where it is 
warmed in a manner by passing it through pipes heated by direct-fired heaters, seawater or through pipes that 

are in heated water.  
The vaporized gas is then regulated for pressure and enters a pipeline system as natural gas. Once the LNG is 

regasified and leaves the regasification terminal, it ceases to be ‘LNG’ and is the same as conventional piped 
natural gas. Finally, residential and commercial consumers receive natural gas for daily use from local gas 

suppliers or as gas-powered electricity. 

  



 
 
 

 
 

 

Pros Cons 
Secure supply 
 

At present, 30 per cent of the eastern 
Australian supply network comes from 
coal seam gas.  
In Queensland, more than 27,000 
people are working in the state's gas 
industry, with an increase of almost 
7,000 jobs in the first half of last year, 
and a further increase of 8,500 jobs 
reported in March 2013. In 
comparison, NSW's CSG industry 
grew from just 39 to 332 positions in 
the same period. 
 

According to the Australian Petroleum 
& Production Exploration Association, 
Queensland industry operators have 
signed 3,500 landholder agreements 
and contributed more than $100 
million to community projects. 
 

Contribute to Global Warming 
 

Although it is a very clean form of fossil fuel, it still releases carbon dioxide 
into the atmosphere. 
Escaping emissions of methane are a significant source during the 
production phase. This includes methane released from exploration 
drilling, production testing and well completion, and gas production 
activities including processing, venting and flaring. Methane is a potent 
greenhouse gas, with a global warming potential more than 20 times that 
of carbon dioxide over 100 years. 
 

In 2008-09, fugitive emissions from the natural gas sector, which includes 
CSG as well as conventional gas, were estimated to be 9.3 million tonnes 
of carbon dioxide equivalent (CO2-e), or around 1.6% Australia’s 
emissions. 
 

Non-Renewable 
 

It is not renewable - its long-term future depends upon more coal 
discoveries 
 

Polluting chemicals that are dangerous for health 
 

The water which is produced as a by-product is not yet fit for human 
consumption and may contain high levels if salt which can contaminate 
soil and ground water 
The practice of hydraulic fracturing, or fraccing, to increase gas output, 
has the potential to induce connection and cross-contamination between 
aquifers, with impacts on groundwater quality. 

Cheap and Reliable 
 

Coal Seam Gas is a cheap and 
reliable source of energy. They are 
excellent types of fuel to use for the 
energy base-load, as opposed to 
some of the more unreliable energy 
sources such as wind and solar. 
 

Competition for land 
 

Significant portions of the land that offers potential for coal seam gas 
exploration are used for agriculture; some is the most productive 
agricultural land in Australia. 
 

Farmers own what's on top of the land but the state owns what's 
underneath. Mining companies have the right to explore any property for 
resources, though companies such as Santos have stressed they won't 
barge onto people's properties. 
 

Landholders have raised concerns that independent science hasn't been 
able to keep pace with the rapid development of CSG, particularly its long-
term impacts on water. 

CSG is one of the cleanest of 
fossil fuels 
 

Gas fired electricity is significantly 
lower in emissions, anywhere from 50 
to 70 per cent lower in emissions than 
standard coal fired power, so it is a 
very important transition fuel. 

 

 

Salt and other contaminants 
 

The water that is pumped from the ground as part of the coal seam gas 
mining process is very salty and contains a range of naturally present 
chemicals. It may also include heavy metals and radionuclides including 
boron, silver, chlorine, copper, cadmium cyanide and zinc. 
 

The coal seam gas industry hasn't yet come up with a solution to its waste 
salt problem. Until they do, the waste salt will be stored in brine ponds and 
salt pits on the gas fields. Dumping the salt at sea or transporting it to a 
waste facility have been considered however these options would require 
a fleet of tankers operating 24 hours a day, each travelling large 
distances. These options are currently unacceptable on environmental 
and economic grounds 
 

All the coal seam gas companies say they are pursuing options to sell 
their waste salt but if that fails salt pits will be constructed on land owned 
by the companies. The Queensland Government has asked the industry 
to come up with a salt plan by 2013. 
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http://www.carbonenergy.com.au/irm/content/pdf/The%20difference%20between%20Underground%20Coal%20Gasification%
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http://www.abc.net.au/news/specials/coal-seam-gas-by-the-numbers/ 

http://www.climatechange.gov.au/sites/climatechange/files/files/climate-change/nger/nga-factsheet7.pdf 
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