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Summary and conclusions 

Underground Coal Gasification (UCG) is a technique in which wells are drilled to gain access 

to a coal seam, a permeable linkage established between an injection point and a 

production well, enabling partial combustion of the coal in situ (the combustion process 

hollowing out a gasification chamber) in the presence of steam, and oxygen or air, 

producing a synthesis gas (syngas) which is drawn off through the production well. 

While UCG has had, and may have future negative environmental impacts through 

subsidence and groundwater pollution which could well constrain the locations in which 

deployment is considered acceptable, with modern practices and regulation, local 

environmental factors are unlikely to fundamentally slow the development of the industry. 

On the other hand, UCG has the potential to extend (and increase) coal use significantly, and 

unless carbon capture and storage (CCS) were widely incorporated, this would bring severe 

negative consequences for the global climate. UCG proponents suggest that it could 

increase global economic coal reserves by 300-400%, although these figures are contested. 

For illustration, using 300% more coal – unabated – is estimated to add 2.76°C to global 

temperatures. 

If CCS were applied, UCG would probably utilise some form of pre-combustion CCS, rather 

than the post-combustion systems most widely discussed for conventional coal power 

generation. In practice, this report finds that UCG is unlikely to be widely deployed with 

more than partial CCS1: in some applications levels above 50% capture are impractical while 

in the power sector, higher levels are possible, but costly.   

Even partial CCS on large scale deployment of UCG would require the storage of significant 

amounts of CO2 (11-55 Gt by 2050).  Should lower estimates of global storage capacity prove 

to be correct, such amounts could have negative consequences for the future availability of 

suitable geological storage for other sources of CO2 such as negative emissions techniques. 

Advocates’ claims for effective carbon storage in the UCG cavity or surrounding strata are 

not yet proven. Even if demonstrated, such methods would be unlikely to provide capacity 

for more than partial CCS. 

UCG has not yet achieved commercial technological readiness, but technical advances in 

directional drilling and seismic modelling have brought it close to that point.  

The current economics (and remaining technology risk) of UCG make it unlikely to replace 

conventional (unabated) coal use for power generation in the near future. And where 

natural gas prices remain depressed, it seems unlikely to significantly displace use of gas 

either.  On the other hand the economics of coal to liquid fuel based on UCG appear 

relatively attractive at present. 

                                                           
1
 A capture rate In the order of 50% appears likely to be typical in developments which seek to apply CCS. 
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The effective linkage of UCG with CCS has yet to be fully technically proven, and appears 

likely to add significantly to the costs of UCG, especially if more than partial CCS is required. 

Worse, in liquid fuels applications, overall levels of CCS above 50% are implausible. 

Although absolute costs remain uncertain, it seems likely that the future addition of CCS to 

UCG could be achieved more cheaply than its application to conventional gas or coal 

combustion. But even if CCS on UCG proves cheaper than CCS on conventional power 

generation, this alone will not guarantee its application, even to a partial level, as UCG 

without CCS will remain significantly cheaper than UCG with CCS, unless carbon prices rise 

significantly, or effective regulatory incentives are applied.  

UCG is being pursued with most vigour where it offers particular benefits for energy security, 

either as a fuel for power generation or as a feedstock for the production of synthetic liquid 

fuel. 

In both technical and economic terms UCG could break through to become a mainstream 

option for power generation or liquid fuel production within the next two decades. Ongoing 

pilot schemes are expected to lead to demonstration at commercial scale in several 

countries within the next 3-5 years. This review identified around 7 pilot schemes and 50 

other proposed developments in 22 countries at the current time.  

The most likely scenarios for the development of the sector are considered to be continued 

‘niche development’ for 5-10 years, followed by either a ‘focus on liquid fuels’, or a ‘dash for 

gas power’ (depending on whether natural gas prices have converged globally at a relatively 

low level, or risen in the interim). 

In the latter case (‘dash for gas power’), strong regulatory intervention could ensure 

affordable application of CCS to a large proportion of UCG facilities if the technical 

challenges of integration are overcome.  But in the ‘focus on fuels’ case the best outcome 

for the climate would involve substantial application of only partial CCS, with a significant 

residual climate risk, and in the worst case carbon emissions would grow rapidly and 

significantly as a result.  
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2.  Introduction to the technology 

This section first outlines how the technology of underground coal gasification works, and introduces 

the reader to important terms and concepts that are used in the report. It then provides a brief 

history of experimentation with the technology in various countries, before summarising the 

potential benefits and impacts foreseen in wider deployment. 

2.1 The technology 

Underground coal gasification (UCG) is a process whereby coal is converted into gas in situ2, and 

subsequently extracted as a synthesis gas (or ‘syngas’) for use as a fuel or chemical process input. 

There are several different approaches to UCG, involving different proprietary elements3. Typically 

the process involves drilling two or more wells into a coal seam, and using one to inject a mixture of 

air or oxygen (and sometimes water) as an oxidant, and a second to recover the product gas (see 

Figure 1 which provides a highly simplified schematic of UCG development). Depending on the gas 

injected, UCG is often described as ‘air-blown’ or ‘oxygen-blown’4. 

 

Figure 1: Highly simplified representation of UCG development 

 

                                                           
2
 This report retains the usage of ‘underground coal gasification’ throughout, although the term ‘in-situ coal gasification’ 

(ISCG) is sometimes used in some countries and sectors. 
3
 For a thorough overview of the technology and its development see Couch, 2009. 

4
 The underground infrastructure is similar in either case but the oxygen-blown variant requires an air separation unit 

(ASU) at the surface to produce the oxygen. In some cases the other products of the ASU may be used later in the process – 
for example the nitrogen can be used with the syngas as feedstock for urea production. 
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Before production can commence the two wells must be linked to enable a flow of syngas. Linkage 

can be established by injecting a high pressure fluid to fracture the seam (hydrofracturing), using 

electrical current to heat and fracture the coal (electrical induction), igniting the coal and using the 

combustion process to open a passage (reverse combustion linkage) or in seam-drilling of a channel 

using modern directional drilling techniques developed in the oil and gas industries (Burton et al 

2006, Couch 2009).  Figure 2 illustrates different methods of linking. 

 

Figure 2: Generic methods for UCG linkage 

 

Source: Couch, 2009  
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Once a linkage has been established, the coal can be ignited, and partial combustion of the coal in 

the presence of steam produces a synthetic gas. The syngas is comprised primarily of a mix of carbon 

monoxide (CO), hydrogen (H2), methane (CH4) and carbon dioxide (CO2) in varying proportions (and 

if air is injected, rather than oxygen, a high share of nitrogen (N2)) (see Annex 4 for details). The 

process occurs at high temperature and pressure (assisted by the naturally higher temperature and 

pressure at depth). The gasification processes involve several phases of reactions within the 

chamber (see figure 3).  

 

Figure 3: Phases of gasification within the UCG cavity 

 

Source: Couch, 2009 

The gasification process is largely controllable through varying the rates and proportions of injected 

steam, air or oxygen.  The pressure is controlled by the rate of injection, and ideally, should be kept 

below the ambient hydrostatic pressure in the surrounding rock strata, so that combustion by-

products or potential groundwater contaminants remain within the cavity (Sury et al 2004, Burton et 

al 2006). 

The combustion process hollows out a gasification chamber: often referred to as a reactor or 

gasifier. As combustion progresses the cavity may progressively collapse – a process known as 

goafing (Younger, 2011), or grow too large to sustain gasification as ash and other residues 

accumulate. UCG operators have developed a number of ways to maintain gasification. The simplest 

is to drill a series of wells and ignite a sequence of cavities. In sloping seams, burning up the seam 
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from bottom to top can be effective in maintaining an active gasification process as residues fall to 

the bottom (Couch, 2009). Many contemporary developments make use of the controlled retraction 

ignition point (CRIP) technology, developed at the Lawrence Livermore National Laboratory (LLNL) in 

the USA (Burton et al 2006, Couch 2009). In the CRIP process the ignition well is drilled laterally 

through the seam, and fitted with a liner that can be retracted to enable ignition to be restarted at 

any point further along the well. As a result a series of chambers can be created along the line of the 

well.  

There are a number of alternative layouts for ignition and production wells which have been 

developed and tested to maximise the amount of coal that can be gasified in relation to the amount 

of drilling required (as drilling is the most costly part of the process5). Modern developments in 

directional drilling delivered by the oil and gas industries have led to renewed interest in UCG in the 

last decade or so, because they offer the potential to access more coal through fewer wells. 

UCG techniques have been tested on coal seams of varying nature, depth and thickness6, and 

proposed for an even wider variety. Figure 4 shows the distribution of past trials by depth and seam 

thickness.  

 

Figure 4: Past UCG trials by depth and seam thickness 

 
Source: Couch, 2009.  

                                                           
5
 Kempka et al’s figures (2009) suggest up to 70% of combined capital and operational cost in deep operations. 

6
 Including bituminous, sub-bituminous and lignite coals, in seams of 1.5-35 metres thick lying from less than 200 metres 

deep to more than 1000 metres deep. 
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Typically the technique is used or proposed for coal resources which would not be economic to mine 

in conventional ways due to factors such as depth, nature, or distance from market. Experience 

suggests however that many coal seams would not be suitable. Even so UCG would appear to offer a 

means of substantially increasing the economic reserve of coal available. 

The product syngas retains around 80% of the energy value of the gasified coal (Younger et al 2011), 

but close to 100% of the carbon7. The resulting raw syngas is of relatively low calorific value in 

comparison to natural gas: lower for air-blown UCG than for oxygen-blown8. The calorific value is 

low even compared with that produced from coal in surface gasifiers. Thus if it cannot be used 

locally, it would normally be upgraded in some way. This increases its calorific value per unit volume, 

typically by separation of the carbon dioxide fraction from the syngas using established chemical 

industrial processes such as acid gas removal with a solvent. Upgrading may also involve prior 

reaction of the carbon monoxide fraction with water to produce carbon dioxide and hydrogen. In 

any case the product gas will normally be cleaned to remove contaminants. 

Despite the low calorific value of UCG syngas, it can be directly used for combustion, or upgraded for 

either combustion or as a feedstock for chemical processes. Current pilots and recent proposals 

include a range of uses including co-firing in an existing coal fired power station (Eskom9, Majuba, 

South Africa); combustion for electricity generation in a dedicated power plant (eg Wildhorse, 

Hungary); treatment by Fischer Tropsch process to transform it into liquid fuel (eg Linc, Chinchilla, 

Australia); use as a primary input in urea production for fertiliser (Liberty Resources, Australia); 

polygeneration  of methanol, power and syngas (ENN, Ulanchap, China) and upgrading to hydrogen 

for use in small scale fuel cells for power generation (B9 Energy, UK).  

2.2 A brief history of UCG10 

The idea of underground coal gasification was first documented in 1868, and the technique was 

used for several decades in the former Soviet Union (FSU) where it was adopted from the 1930s as a 

means to reduce exposure of miners to the risks of operating underground, and subsequently largely 

overtaken by the development of natural gas production. Soviet experience, although poorly 

documented, suggests that the process led to significant environmental contamination and 

subsidence (Liu et al 2007; Shafirovich & Varma 2009), and probably required direct state support, 

rather than operating in a commercial environment. 

One plant (Angren, Uzbekistan), commissioned in 1964, has survived in operation to the present 

day. In 2007 Linc Energy of Australia acquired a controlling interest in the plant – presumably for the 

associated intellectual property and the demonstration value. Other Soviet experience underpins 

Ergo Exergy’s proprietary eUCG process, which the company has licensed to several prospective UCG 

developers around the world.  

In the 1970s and 1980s, largely in response to rising energy prices, more than 30 UCG trials were 

conducted in several locations in the USA. Most of the trials were part of a programme run by the US 

                                                           
7
 These figures are typical for surface gasified coal, and efficiencies may well be lower in the UCG context.  

8
 UCG syngas ranges from 3-6MJ/m

3
 if air-blown (around 1/8

th
 the calorific value of natural gas) and 6-12MJ/m

3
 if oxygen-

blown (1/4 to 1/3
rd

 the calorific value of natural gas)(Couch, 2009).
 
 

9
 More information on companies italicised can be found in Annex 1, ordered by country of registration 

10
 This section draws heavily on Shafirovich & Varma 2009, Klimenko 2009 and Couch 2009.  
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Department of Energy, and involved substantial investments in monitoring and research backed by 

public bodies, notably LLNL (Burton et al 2006a). However the trials were marred by problems, 

notably significant groundwater contamination at Hoe Creek (Burton et al 2006b, Walter, 2007), and 

with energy prices also falling again interest in UCG dropped away. Nonetheless new techniques, 

notably CRIP, were developed and tested, and there was significant progress made in relevant 

modelling approaches. 

In Europe trials commenced in the 1980s and continued sporadically into the 1990s and 2000s, with 

some support from the European Commission.  These trials demonstrated UCG in significantly 

deeper seams than previously (at between 500 and 700m), although they also encountered 

challenges and problems, including an underground explosion at the El Tremedal trial in Spain11. In 

the UK the DTI subsequently supported technical (Creedy et al 2001), and environmental (Sury et al 

2004) reviews of the technology, and feasibility studies (DTI, undated & eg 2006) although proposals 

for a demonstration development did not successfully reach implementation.  

More recently the UK Government has issued conditional licences for UCG development in 

nearshore coal reserves with proposals in Swansea Bay, the Firth of Forth, and off the coast of 

Northumberland the most advanced. The EU has maintained an interest in UCG, funding two 

collaborative research and demonstration projects examining the prospects for UCG for hydrogen 

production (HUGE) (Stanzyk 2011) and for UCG with CCS (Sheng 2010). Neither has yet produced 

definitive results12. 

The 2000s were also marked by an upsurge of interest in UCG in Australia, where the availability of 

relatively thick, mid-depth seams of coal stranded13 by reason of distance to export ports, stimulated 

a series of mainly venture capital funded trials (although one of the leading companies – Carbon 

Energy - was a spin-off from the Australian national research institute (CSIRO)). However, here too 

there have been concerns about groundwater contamination, with a precautionary approach taken 

by regulators. The Australian experience has also highlighted potential obstacles in the licensing 

procedures with particular conflicts between UCG developers and companies exploiting coal-bed 

methane (otherwise known as coal seam gas)14. 

In this brief overview of the history of UCG it is also necessary to mention China, where there have 

been many trials dating back to the 1980s (DTI 2004). Many early trials involved gasification in 

abandoned coal mines, moving on to test of excavated cavities. But more recently Chinese trials 

have focused on drilled approaches and in recent years several joint ventures with UCG companies 

from the West have been announced (Wan 2006, Chen 2011). 

Despite these several periods of experimentation in the USA, Europe and elsewhere, UCG has yet to 

be established commercially at any significant scale. The trials have delivered important learning 

about site selection and site specific application of techniques. Overall they have taken UCG to the 

stage of ‘proof of concept’, but not yet to commercial viability. 

                                                           
11

 The gasification process had halted and in attempting to reignite the gasifier, accumulated methane exploded. 
12

 Some information and updates can be found on the respective project websites: http://www.huge.gig.eu/en.html, 
http://re.ucg-co2.eu/ 
13

 In this context, the term ‘stranded’ describes a resource which is too expensive to exploit commercially, typically 
because of distance from market. 
14

 See section 3.4 for more detail on recent developments in Australia. 

http://www.huge.gig.eu/en.html
http://re.ucg-co2.eu/
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Technological developments largely underpin the re-emergence of new interest in the 2000s, in 

particular, the combination of improved (cheaper) directional drilling with computer aided seismic 

modelling. Together these allow better characterisation of the seam, greater control over well 

linking, and potentially better environmental control. Earlier methods of linking (hydraulic fracturing 

and reverse combustion) may become redundant. However different proprietary technical 

approaches are currently being trialled in different countries and locations.  

Some of those trials have achieved sustained gasification over periods of two years or more and are 

beginning to scale up towards demonstration operational scale (eg Rattai 2012; Abboo 2012). 

Success in the next phases of these pilot developments (highlighted in section 3.2) would arguably 

place UCG on the threshold of commercial deployment. 

2.3 Potential benefits and impacts of UCG 

As with all new or emerging technologies the practical implications of UCG as a commercial 

proposition remain uncertain. 

Proponents of UCG highlight multiple potential benefits (eg Roddy and Younger 2010; Green 2008, 

Clean Coal Ltd15 and UCG Association16): 

 reduced impacts of mining (on health and environment) in comparison with coal extraction 

by deep mining,   

 lower costs compared with surface gasification (no gasification vessel required, no mining 

and limited transport costs),  

 environmental benefits (reduced particulate and other pollution compared with direct 

combustion of coal;  

 no ash residues to dispose of (these remain in the underground gasification chamber);  

 reduced water consumption (no coal washing); and 

 potential for cheap addition of carbon capture and storage (see section 4.2).  

However in some respects many of these are only hypothetical benefits, as it would appear that only 

rarely might the same coal deposit be exploited by UCG as by other forms of mining. Even in other 

respects the contrasts can be misleading, as UCG – especially at a large scale – may not displace 

surface gasification, but supplement it in different uses and locations. 

Opponents raise concerns regarding both documented and potential issues including subsidence, 

toxic contamination of groundwater, water consumption and potential carbon emissions17,18(see 

also Box 1). 

  

                                                           
15

 http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=53&Itemid=65 
16

 http://www.ucgassociation.org/index.php?option=com_content&view=article&id=72&Itemid=221 
17

 See for example, http://frack-off.org.uk/underground-coal-gasification-hellfire-and-damnation/, and concerns raised by 
Australian farmers (http://qcl.farmonline.com.au/news/state/livestock/news/gas-toxins-found-in-kingaroy-
cattle/1963682.aspx?storypage=0) and industry response to criticism in the UK at  
http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=62&Itemid=87 
18

 Moorhouse et al (2010), Burton et al (2006b) and Sury et al (2004) all review the potential environmental impacts of 
UCG. 

http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=53&Itemid=65
http://www.ucgassociation.org/index.php?option=com_content&view=article&id=72&Itemid=221
http://frack-off.org.uk/underground-coal-gasification-hellfire-and-damnation/
http://qcl.farmonline.com.au/news/state/livestock/news/gas-toxins-found-in-kingaroy-cattle/1963682.aspx?storypage=0
http://qcl.farmonline.com.au/news/state/livestock/news/gas-toxins-found-in-kingaroy-cattle/1963682.aspx?storypage=0
http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=62&Itemid=87
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Box 1: Opposition to UCG 

This box highlights how opponents of UCG perceive and frame the technology. It should be noted 
that such views cannot be simply rejected as ‘anti-technology’ or easily refuted with contrary 
scientific opinions. They are rooted in plausible alternate world views. 

UCG is seen as part of a trend towards unconventional (“more extreme”) forms of energy extraction. 
It is seen as more risky than other unconventional gas extraction (shale gas or coal bed methane), 
due to the elements of underground combustion, and the wastes generated. In-situ tar sands 
extraction is suggested as the closest analogy in terms of likely scale, environmental impact and 
intensity.  

Opponents such as ‘Frack Off’ highlight four overlapping areas of concern: potential accident risk, 
waste management, environmental impacts and climate change. 

The potential for accidents is considered to be high because of the lack of direct observation and 
control over the gasification process. Opponents note an apparently high frequency of accidents and 
explosions in tests to date such as those at El Tremedal, and more recently at Kingaroy in Australia. 
In a colourful if perhaps exaggerated analogy they suggest that “Controlling a UCG gasifier could be 
compared to trying remotely operate a nuclear reactor that you have never seen and only have 
incomplete information on how it is constructed.” 

Waste management concerns focus on the large volumes of liquid waste, notably gasification 
condensate, contaminated with toxic and carcinogenic materials. It is suggested that treatment 
might be “prohibitively expensive” or that there may in fact be “no safe solution”. 

Environmental impacts concerns focus on the potential (in some opponent’s views “inevitable”) 
release of long-lived toxic contaminants into groundwater, due to the combination of the difficulties 
of remotely controlling the gasification process, and likely pressures to cut costs. 

Climate change concerns arise from the view that UCG could make several trillion tons of un-
minable coal available for combustion at a carbon intensity higher than conventional exploitation of 
coal. Carbon Capture and Storage is not seen as a likely solution, with deep scepticism regarding the 
likelihood of successful technical development and commercial deployment. As a result: “evaluating 
the impact of UCG based on the hope that CCS will become feasible at some indeterminate point in 
the future would be a massive gamble to say the least”. 

 

Subsidence  

Subsidence has had a measurable impact in some UCG developments, notably amongst FSU cases. 

Burton et al (2006) report that in most cases, even in shallow cases, the potential magnitude of 

subsidence is likely to be quite small. However, they continue, “most tests, including those in the 

U.S., do not accurately represent commercial deployment and large-scale evacuation of coal by UCG. 

In contrast, subsidence was noted in several former Soviet projects, including subsidence greater 

than 1 m and local crater formation” (p72). Moreover even without substantial movement, 

subsidence could lead to escape of product gas or groundwater contaminants.  

Figure 5 illustrates both the effects of UCG on overlying strata, and the effects on groundwater of 

operating the gasifier below hydrostatic pressure. 



14 | P a g e  
 

 

Figure 5: Effects of UCG on overlying strata and groundwater 

 

Source: Couch, 2009, after Mallett, 2008 

 

Groundwater contamination 

In respect of groundwater contamination, there is a history of impacts in in the US at Hoe Creek 

poorly located with respect to vulnerable groundwaters (eg in the US at Hoe Creek), or unregulated 

early trials (eg in the FSU). The industry strongly disputes claims that current methods could lead to 

groundwater contamination, claiming that lessons have been learned regarding both site selection 

and operating procedures19. It is recognised by the companies that further failures to control 

groundwater pollution among the current tranche of pilots could be devastating to the fledgling 

industry’s reputation. However, it is open to question whether the same standards that are being 

pursued in a handful of trials would be reliably delivered in much larger scale commercial 

operations, where, for example, the case for detailed monitoring might be harder to justify. Beeslaar 

(2012) for example, notes the value of intensive monitoring of the Eskom trial, which prevented a 

gas leak from a broken well casing becoming a potentially “serious environmental contamination 

event”20. In this case, of a minor leak from failure of a three year old well casing, subsequent clean 

up took eight weeks.  

It is clear that the costs of pollution incidents could be high. Some potential pollutants such as 

benzene are generally considered to have no safe level. In the example of Hoe Creek, a relatively 

                                                           
19

 See for example CCL press release at 
http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=62&Itemid=87 
20

 Beeslaar notes that Eskom experienced several predictable casing failures when well casings broke as a result of initial 
roof collapse in the gasifier and the wells could be sealed and grouted without gas loss or environmental damage, and this 
single unpredictable incident where the failure fortunately occurred above the water table level. 

http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=62&Itemid=87
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small incident in a pilot burn required the placement of more than a hundred air sparge wells 

(Burton et al 2006b). This remediation system was designed to operate for about five years followed 

by one year’s shutdown when it would be determined if the contaminants in the groundwater had 

been removed. If the contamination were still present, the system was to be operated until such 

time as levels of contamination were acceptable to the Wyoming Department of Environmental 

Quality. The implications for liability to the relatively small companies involved in UCG, or the 

potential costs of insurance against such impacts could be financially very significant.  

Liu et al (2007) suggest that most potential groundwater contamination will be fairly swiftly 

ameliorated by adsorption onto minerals in the remaining coal or surrounding strata. They report 

that containment methods are theoretically possible, but as yet unproven, and conclude that 

groundwater contamination can be effectively managed through avoiding locations where 

groundwater might be of economic use, and through pumping contaminated water to the surface, 

and where necessary using bioremediation. Roddy and Younger (2010) note that “Most of the  

contaminants produced in coal gasification are included in the List I of the Water Framework 

Directive (2000/60/EC), which forbids release into a water body. Consequently, for a UCG operation 

to be permitted in the EU, any potential water contamination would almost certainly have to be 

restricted to water which had been previously classified as permanently unusable” (p404). However, 

outside the EU, equivalent standards may not be applied. 

Moreover, the successful avoidance of groundwater contamination by successful containment and 

flushing does not eliminate the contamination issue – rather it shifts it to the treatment of the 

gasification condensate and other waste water at the surface. This is considered further below (in 

section 4.3), but treatment methodologies and costs are not widely discussed in the industry 

literature. 

 

Water consumption 

Water consumption was a concern in some UCG trials, where steam was injected (consuming 

surface water to produce the steam). In contemporary UCG projects steam is normally produced 

from non-potable underground water, typically in the coal seam itself, such that the process can be 

‘water neutral’21. Proponents have in fact noted this as a potential advantage over surface 

gasification which still requires coal washing. 

Carbon emissions and climate change 

Carbon emissions from UCG could be a very serious concern (and are considered in some depth 

later22). It may well prove technically easier to apply partial CCS to UCG than to conventional coal 

fired power generation, because UCG is more amenable to pre-combustion separation of CO2
23. But 

it would not be cost free, or entirely without technical challenges. Moreover achieving high levels of 

carbon capture at commercial scale involves challenges of system assembly and optimisation which 

                                                           
21

 Michael Green, pers comm 
22

 The application of CCS to UCG is discussed at greater length in sections 4.1 and 4.2  
23

 While post-combustion CCS, utilising amines for example to remove CO2 from flue gas, could theoretically be applied to 
combustion plant fuelled by UCG syngas, discussion of CCS on UCG focuses on pre-combustion separation, using chemical 
processes which are widely used and proven in other gasification applications. Of course, this does not mean that the full 
process of CCS from capture to storage is established, merely the first phase of separation. 
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are not dissimilar to those faced by CCS applied directly to coal or gas-fired power generation, and 

also relies on effective proving of CO2 storage methods at high rates.  

As noted already, the composition of the syngas lends itself to the removal of the carbon dioxide 

fraction as part of an upgrading process. Converting and capturing the carbon present in the gas in 

the form of carbon monoxide and methane, although possible, producing a hydrogen rich gas, is 

more expensive and technically more complex. Partial capture through upgrading might make use of 

the product UCG syngas broadly equivalent to unabated natural gas in terms of lifecycle CO2 

emissions. If used to produce liquid fuels the emissions arising at the tailpipe would be similar to 

those from oil-based fuels, and unless CO2 was captured in processing, lifecycle emissions would be 

higher than those from conventional fuels.  

The relative climate forcing effect of different fuels and technologies depends on all the GHGs 

involved. In this case it is important to consider methane emissions. Conventional coal mining, and 

both conventional and shale-gas production all result in fugitive methane emissions. Insofar as any 

methane generated in UCG is captured as part of the syngas24, UCG avoids such fugitive emissions. 

However methane emissions account for only a small fraction of the total global warming potential 

of coal, (over a 100 year timeframe, less for surface mined (around 1%) than deep mined (around 

5%) (Howarth et al 2011). On the other hand, estimated fugitive emissions from gas production are 

significantly higher, potentially bringing the overall global warming potential of shale gas to a higher 

level than coal, and of natural gas to around 90% of that of coal. Assuming GHG emissions become a 

more serious policy and therefore commercial concern, unless fugitive methane emissions can be 

better controlled in gas production, this may mean that UCG faces less of a disadvantage in future 

gas markets. 

Furthermore, long distance transport of gas, whether by pipeline or as LNG would also significantly 

increase the relative carbon intensity of gas (by as much as 20-50%25), which might imply an 

advantage for UCG in markets where coal is available locally but gas must be imported. 

Summary and conclusions 

Environmental issues are considered further in section 4.3 where they are considered as potential 

regulatory constraints to the deployment of UCG, and the implications for climate change are 

addressed at length in section 4.1.5 (regarding the potential deployment of CCS in the sector) and 

section 6 (implications of scenarios for the development and impact of UCG). 

In conclusion, the potential impacts of UCG in terms of water pollution and subsidence should not be 

underestimated, but with modern techniques and regulation are considered likely to be less severe 

than in historic experience, and by analogy with other unconventional fossil fuel extraction 

techniques, unlikely to be treated by policy makers and regulators as establishing fundamental 

limitations to deployment. 

  

                                                           
24

 Recent experience suggests that syngas leakage in modern systems is negligible in normal operations, 
although some past trials – notably those in the FSU - experienced significant syngas loss in the order of 5-25% 
(Couch 2009). 
25

 Stuart Haszeldine, pers comm. 
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3 The UCG industry: current developments and key countries 

This section provides an overview of the UCG industry, setting out the distribution of firms and 

projects. After a brief diversion to consider the scale of the potential global resource for UCG, it 

concludes with reviews of the recent centres of activity in Australia, China, the EU and Canada. 

3.1  Overview of the UCG industry 

This section examines the fledgling UCG industry with attention to its market structure, key players, 

organisations and strategies. 

In some respects it is still too early to talk of a UCG industry. Despite the formation of a trade group - 

the UCG Association - in 2002, the industry - such as it is - is highly fragmented, and most firms 

involved are not UCG specialists26. This survey identified less than 100 companies involved in around 

60 projects at various stages of development (see table 1 below)27. That figure includes multiple 

bidders for UCG leases in some countries, and many such bidders show no evidence of previous UCG 

experience.  

The majority of the companies identified in the survey are energy utilities or mining or energy 

resources companies28. This latter group is the most prevalent, and varies widely in scale, from small 

operators to large national mining companies in India, Vietnam and China. Typically these companies 

might be seeking additional utilisation of existing coal resources, or synergies with existing 

exploration, drilling or other capabilities. The largest international mining companies that dominate 

the coal industry are generally not present, nor are large oil and gas companies, although BP did 

initiate and then withdraw from one proposed trial around 2008, selling its coal interests in the 

proposal to Linc Energy29. One of the largest companies present in UCG is Marubeni of Japan (a 

¥150bn diversified resources group) which is invested in Linc Energy of Australia, and partnering 

with Linc and others in a proposal in Vietnam30. 

The energy utilities which have dipped into the UCG market are also typically relatively small, and 

most likely see UCG as a potentially disruptive technology, but one that can be encompassed within 

their basic business model, as developers or operators of power plants. 

The key players are a handful of relatively small scale developers with a diversity of proprietary 

technologies and business models. Typically these companies (such as Linc Energy, Clean Coal Ltd, 

Cougar Energy) act as aggregators who bring together technology suppliers, energy utilities and 

operate as project developers. Several have interlinked directorships. They may hold the mineral 

resource themselves, or have a further resource partner. Some also have their own proprietary 

technology. It is fairly common for these companies to raise the project finance as equity by 

leveraging a conventional energy resource – such as a conventional coal mining licence. There are 

                                                           
26

 Lauder (2011) notes that the UCGA has 280 members in 28 countries, but this number includes public sector, financial 
institutions and academic institutions as well as both specialist and non-specialist businesses. In turn the UCGA is a 
member of several coal and CCS associations, including the World Coal Association, the Energy Institute, the American Coal 
Council, the Brazilian Coal Association and the Global Carbon Capture and Storage Institute.  
27

   This compares with 52 projects (8 operational, 3 under construction) and 39 operators identified by Cothran et al 
(2011). 
28

 See annex 2 for a full listing. 
29

 http://bctechnologies.org/ucg.html 
30

 www.lincenergy.com/clean_energy_vietnam.php 

http://bctechnologies.org/ucg.html
http://www.lincenergy.com/clean_energy_vietnam.php
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also an even smaller group of technology developers, such as Ergo Exergy, who aim to profit by 

licensing technology - either relating to gasification, or to subsequent upgrading or conversion (eg 

gas to liquids). 

Table 1: Geographical and role breakdown of current UCG industry  

 

Region and country 
Companies 

UCG 
specialists 

Resource/ 
utility cos 

Not known 
/ Other 

     

Australasia 20 7 12 1 

Australia 18 7 10 1 

New Zealand 2  2  

     

Asia 28 1 20 7 

China 8 1 3 4 

India31 14  11 3 

Indonesia 1  1  

Mongolia 1  1  

Japan 1  1  

Russia 1  1  

Vietnam 2  2  

     

Europe 13 7 5 1 

Bulgaria 2  2  

UK 11 7 3 1 

     

Africa 2 - 2 - 

South Africa 2  2  

     

Americas 18 10 7 1 

British Virgin Islands 1  1  

Canada 6 2 3 1 

Chile 1  1  

USA 10 8 2  

     

Total 81 25 46 10 

 

The project developers are typically reliant on venture capital or equity funding32, rather than 

reinvesting from revenue flows; although several are borrowing against actual or potential 

                                                           
31

 The high representation of India would appear to be an artefact of public tendering processes, as it includes multiple 
unsuccessful (and probably inexperienced) bidders for UCG licences. According to the UCGA, the Government suspended 
the process without decision after tenders had been submitted, discouraging companies from further development of 
proposals. 
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conventional development of coal or other mineral resources. In practice this implies that cash for 

technology development is limited, which could be expected to have serious negative consequences 

for the development of CCS in the sector.   

As yet there is no clearly dominant business model or models, as no developments have reached 

commercial maturity. Neither the extent of vertical integration (between syngas production and 

use), nor the best approach to asset development (build/operate vs develop/sell on) is at all clear. 

Currently it would appear that two significant financial factors, combining to different degrees in 

different countries, are significantly setting back development of UCG. These are the global financial 

crunch, and the development of shale gas. 

The general financial crunch, ongoing in most parts of the world since 2008, has exacerbated the 

difficulties faced by UCG firms in obtaining investment capital. As noted above the reliance of this 

sector on external investment (venture capital, equity, or government support) is significantly 

greater than elsewhere in the energy sector, while the relatively small scale of the projects at 

present mean they rarely involve project finance specialists from the financial sector. Many projects 

have been put on hold (largely without any publicity), or are progressing only slowly. Investor 

concerns include not only the inherent uncertainties of an unproven early-stage technology, but the 

lack of regulatory clarity for both UCG and CCS, and the poor reputation of UCG.  

At the same time the shale gas boom in the US, and elsewhere has had impacts on the potential 

markets for UCG, especially for power, which have been dramatic in some countries33. This is in a 

context where the power market is generally recognised as the most obviously ‘bankable’ route to 

commercial application of UCG (rather than manufacture of liquid fuels, chemicals or fertiliser 

which, although higher value, are more complex and risky). This also reflects the conventional 

wisdom that there is and will remain, a shortage in electricity generation capacity in most countries. 

As a result it may be easier for UCG companies to get long-term fixed price contracts in the power 

sector (at least where market liberalisation has not been realised), although current trends in 

commodity markets are such that this advantage may not persist for long.  

And where shale gas has been permitted to develop rapidly and cheaply (such as in the US), it is 

clearly seen as a more established competitor, partly locking UCG out of those markets. Elsewhere it 

is still expected that the impacts of shale gas – assuming production rates persist – could act to 

lower international gas prices, if only by freeing up capacity that was previously targeted to 

supplying the US.  Insofar as gas prices are depressed, the scope for UCG to obtain a price advantage 

over gas for power use will be reduced. While commentators differ widely on the future of gas, 

there are major uncertainties over the scale of unconventional reserves34 and significant portions of 

current shale gas production are reaching market at prices below production costs (which is 

economically unsustainable). It seems most likely that gas prices will rise again in the coming years.   

                                                                                                                                                                                     
32

 Linc, for instance raised $22m (Aus) in its oversubscribed IPO in 2006. 
http://www.lincenergy.com/data/media_news_articles/release-07.pdf 
33

 It might seem that shale gas should have suffered similar investor caution, but the strong support it received from 
powerful US interests, and the greater availability of in-house capital to the shale gas developers, meant that it 
surmounted this hurdle and is now seen as a credible investment (at least in the USA, if not in Europe. 
34

 See, for example, 
http://www.slate.com/articles/health_and_science/future_tense/2011/12/is_there_really_100_years_worth_of_natural_
gas_beneath_the_united_states_.html 

http://www.lincenergy.com/data/media_news_articles/release-07.pdf
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Despite these reasons for slow development in recent years, two strategic trends can be identified: 

First a targeting of deep(er) reserves, at least in developed countries (these are more obviously 

stranded as the costs of very deep mining typically remain prohibitive, offer potential CCS benefits, 

and would seem likely to be less likely to raise public concern – although still not immune to 

problems of public acceptance35). 

Second, and partly running counter to the first trend – is a shift of focus to developing country 

markets. Here the key justification for UCG is energy security, especially where demand is growing, 

and the infrastructure for energy resource trading is weak, meaning that reserves that otherwise 

might be easier to exploit may still be stranded in terms of conventional mining36. Energy security is 

also a strong advocacy point for developers in Eastern Europe. 

Several of the main players are involved in negotiations over joint ventures in emerging markets (see 

Annex 1). This clearly reflects the strategic view that energy insecurity is the most powerful driver 

for UCG at present (despite the low cost claims of market participants). It may be also a reflection of 

public opinion and regulatory constraints in their home markets, notably Australia. However 

resolution of regulatory issues around licensing procedures, such as the apparently simple decision 

of whether to cover UCG in the minerals licensing regime or the oil and gas regime (which are 

typically different) might take even longer in developing countries.  

Given the small number of proposals and trials ongoing, the degree to which each development 

reflects the specific circumstances of the company and the coal deposit involved, and the lack of 

published public policy documentation on UCG, it is difficult to identify clear national or regional 

patterns, but there do appear to be significant differences between the strategies and trajectories 

proposed and advocated in developing and developed countries, even though the UCG Association 

explicitly talks of encouraging its members to meet common standards, notably in application of CCS 

to UCG, wherever they are operating.  

In developing countries the main proposed use of UCG is to supply fuel for electrical power 

generation, although more innovative approaches include consideration of integrated fertiliser and 

power production (identifying potential markets for both). In developed countries power generation 

remains the dominant proposed use, but with some more detailed consideration of the potential for 

load-following (rather than baseload) power, and for low-carbon power through inclusion of partial 

CCS, and a significant level of interest in several countries in the production of liquid fuels. This latter 

may be in part a reaction to the impacts of currently cheaper gas prices following the shale gas 

boom. 

More generally new technological development within the industry is slow. Current research funding 

is limited, with notable clusters in China, where development is being backed by national 

                                                           
35

 The public acceptability study reported by Shackley et al (2006) suggested that UCG might be more welcome when 
linked with clear local economic benefits, and with CCS, but suggested a significant degree of scepticism over both the 
technology, and the likely drivers behind its possible deployment. The study framed UCG as a technology which among 
other things, might enable the development of deeper-lying coal reserves. Moreover, this study was completed before 
carbon storage proposals experienced local rejection in the Netherlands and Germany. 
36

 For instance, in Pakistan the previously unexploited Thar coalfields are considered a target both for conventional 
development and for UCG. In a richer country such thick, relatively shallow seams would probably have been exploited 
previously, leaving only more technically challenging options for UCG. 



21 | P a g e  
 

universities, and in Europe where the EU is still funding research oriented trials of UCG in 

conjunction with CCS (Stanzyk 2011, Sheng 2010). Otherwise, companies are mainly making marginal 

refinements to previous publically funded research outcomes (the techniques developed in the FSU, 

and at LLNL in the USA), and experimenting with system integration with, for example, gas-to-liquids 

processes. The apparent rate of progress is fastest in China, where the sector has moved rapidly 

from fairly primitive techniques to much more sophisticated ones (although detail is difficult to 

obtain, the Chinese have filed over 35 patents on UCG in the last two decades (Chen, 2011)). 

Annex 2 provides a full list of the companies identified in this survey, with brief descriptions.  
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3.2  Global review of current pilots and development  

UCG has been technically demonstrated on a range of coal types, and in varying circumstances and 

countries. But it has not yet been commercially proven, and the combination of technological 

options and natural variations of geology and other factors mean that all current trials and proposed 

developments are small scale. 

For this report a web-based survey of UCG activities has been undertaken. Approximately 60 

projects have been identified world-wide, of which less than ten are in an operational phase, and 

with the exception of Angren, none of these are more than pilot schemes.  

A summary breakdown of these proposals is shown in table 2 below, and shown in figure 6. More 

details can be found in Annex 1. 

Table 2: Status of current UCG projects and proposals 

 

Project status Cases 

Proposed 30 

Assessment / survey / regulatory approvals underway 16 

Pilot facility operating 7 

Demonstration scale facility operating 0 

Large-scale ‘commercial’ facility operating (see note)  (1) 

Research facility operating 3 

Other (including believed abandoned or terminated) 6 

  

Total 63 
 
Note: the ‘commercial’ facility identified here is the Yerostigaz plant at Angren in 
Uzbekistan, which was not constructed under a commercial regime, nor necessarily 
operated to modern standards.  

 

 

About half of the total cases appear to be only proposals, which have been identified, for example, 

by a published announcement of a joint venture, or of an acquisition of a licence to develop a coal 

reserve (with a proposal to use UCG).  

A further 16 proposals were identified where detailed assessment or survey work of a potential coal 

resource has commenced. However it is not always clear whether such survey work is following 

regulatory approvals, in parallel with such applications, or in advance of them. In some cases 

applications for regulatory approval have been announced, but not the decision of the regulator.   

A common feature of many proposed developments is an announcement which predicts completion 

of a step in the process at a date which has now passed, without any evidence of progress. It seems 

likely that some of these proposals will have been informally abandoned or suspended37. In other 

                                                           
37

 It seems plausible that in some cases this is the result of unsatisfactory survey results on the proposed coal resource. A 
review  by Mastalerz et al (2011) highlights that even in a relatively well surveyed part of the world (Indiana) there is only 
limited data on coal swelling and plasticity (coal which swells when heated can block gasification channels), and poor 
stratigraphic and geo-mechanical data on the overburden, data which is required to assess the risks of aquifer 



23 | P a g e  
 

cases this phenomenon is probably the result of an ambitious timetable announced to encourage 

investors, rather than a realistic assessment. 

 

Figure 6: Global distribution of UCG trials 2012 

 

 

Experience in several countries indicates that there are major sources of delay in the regulatory 

processes, with many administrations even lacking clarity on which licensing and regulatory schemes 

must be applied. 

Table 3 shows the breakdown of the projects and proposals identified by this research by country. 

The table reveals the spread of the industry. However it is fairly fragmented in both geographical 

and technical ways. There are several different holders of proprietary technologies which maintain 

commercial confidentiality over the detailed information about their performance; and geographic 

groupings which (while not entirely exclusive), do not appear to communicate much with each 

other. These are based in the USA, China, Europe and Australia. Industry commentators are 

concerned that these divisions are slowing the development of the industry, in a phase when 

collaboration to help build a larger market would be in the best strategic interests of the companies 

involved. 

 

 

                                                                                                                                                                                     
contamination. Clearly when detailed surveys are undertaken, some resources will be rejected as unsuitable, but such 
cases are only very rarely reported.  
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Table 3: Geographical breakdown of current UCG projects and proposals  

 

Region and country Cases 

  

Australasia 11 

Australia 9 

New Zealand 2 

  
Asia 23 

Bangladesh 1 

China 9 

India 6 

Indonesia 1 

Kazakhstan  1 

Mongolia 2 

Pakistan 1 

Uzbekistan 1 

Vietnam 1 

  
Europe 14 

Bulgaria 2 

Hungary 1 

Ireland 1 

Kosovo 1 

Poland  3 

Turkey  1 

UK 5 

  
Africa 2 

South Africa 2 

  
Americas 13 

Canada 5 

Chile 1 

USA 7 

 

Conclusions 

The UCG industry, such as it is, is still small yet diverse and in some respects divided, with significant 

secrecy around proprietorial techniques. The industry comprises around 100 companies – mostly 

SMEs - involved in 60 projects in 22 countries, with a predominance of proposals in developing 

countries, driven by energy security concerns. Only a handful of the projects have reached the stage 

of on-the-ground pilot developments: most are proposals which are only slowly progressing, partly 

as a result of underdeveloped regulatory systems.   
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3.3 The potential global resource 

Advocates of UCG typically argue that UCG will extend access to substantial coal reserves that could 

or would not otherwise be mined. If this is true then unless UCG is consistently combined with CCS, 

then it constitutes a major problem in a carbon constrained world. This section examines the 

evidence available to assess this risk. 

Very little work has been undertaken to quantify the global potential commercial resource for UCG. 

Although conventional commercial resources have been largely worked out in some countries or 

regions, coal remains globally plentiful. However there are large uncertainties intrinsic in any 

resource estimate. The full availability of coal at greater depths potentially accessible with UCG, but 

not otherwise, has yet to be measured and added to the known resources. On the other hand, at the 

current stage of commercialisation it is unclear exactly what form a deployed technology would 

take, and thus what limits might be imposed on the resource, but it is fairly likely that significant 

amounts - particularly at shallower depths – might be ruled out if potential contamination of any 

useable groundwater were to be avoided.  

David Camp of the Lawrence Livermore National Laboratories (LLNL) in the USA suggests that 

practical trials have demonstrated that UCG is more ‘fussy’ than commonly assumed, and the range 

of geologies, coal types and locations to which it is well suited is proving much more limited than 

anticipated (Camp, pers comm). Moreover, the limitations of conventional mining may well prove 

only commercial rather than technical, so in a world of higher energy costs, much more and deeper 

coal might well be accessed by conventional methods such as longwall mining. Nonetheless, 

commercial limitations might still prove significant, especially in regions where easily accessible coal 

has already been worked out, and one can postulate that in many regions the alternative to 

(allegedly) cheap UCG exploitation of coal might not be more expensive conventional mining of coal, 

but unconventional gas, or even renewable sources of power.  

Therefore, while the following should probably be treated as upper bound estimates, here some 

existing global and regional estimates are presented, to illustrate the variation, and the potential 

scale of increase in accessible reserves that might result from effective commercialisation of UCG. 

In 2007 the World Energy Council estimated additional reserves suitable for UCG in the USA, Europe, 

Russian Federation, China, India, South Africa and Australia38. These states accounted for just over 

90% of the WEC estimated conventional coal reserves of 847 billion tonnes. The additional UCG 

reserve was estimated cautiously at 647 billion tonnes (an 84% increment), but the underlying 

assumptions do not appear to have been published. In volume terms, if all this coal was gasified it 

would produce 146 trillion m3 of gas, or more than two times the 2005 global natural gas reserves of 

67 trillion m3 (WEC 2007)39. 

The WEC (2007) US additional UCG reserve figure of 138 billion tonnes (a 57% increment over the 

WEC conventional reserve figure for the US) can be contrasted with estimates from the Lawrence 

Livermore National Laboratory of a 300-400% increase (Walter, 2007). Similar figures can be 

extrapolated from studies of the Powder River Basin (PRB) in Wyoming and Montana, which 

accounted for around one third of US coal production in 2008. According to the US Geological Survey 

                                                           
38

 http://www.worldenergy.org/publications/survey_of_energy_resources_2007/coal/634.asp 
39

 The WEC does not state if this has been adjusted to take account of the lower heating values in syngas. 

http://www.worldenergy.org/publications/survey_of_energy_resources_2007/coal/634.asp
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(Scott et al, 2010) the PRB holds around 45 billion tonnes40 of recoverable resource, while a UCG 

assessment by Gas Tech41 which included only coal reserves at a depth between 152 and 610 

meters, in seams thicker than 10 meters, and assumed a 65% recovery factor estimated that there 

would be 180 billion tonnes of coal recoverable by UCG. In contrast the Colorado Geological Survey 

estimated that total coal resources in Colorado exceed 394 billion tonnes to a depth of 1,830 m, but 

only identified 10.9 billion tonnes of bituminous and sub-bituminous coal resources in Colorado as 

having UCG potential (Carroll 2010). 

For Europe, Mostade (2009) calculates a higher factor, citing ‘mining reserves’ of 254 billion tonnes 

(much higher than the WEC figure for proven recoverable reserves of 78 billion tonnes42), and a UCG 

‘resource’ of 1350 billion tonnes, including 300 billion tonnes under the North Sea43. This is a factor 

of over 500% in comparison with the ‘mining reserve’. 

In the UK the British Geological Survey (Jones et al 2004) estimated 17 billion tonnes of UCG 

resource (landward and nearshore), which contrasts with a proven reserve figure from the WEC of 

just 155 million tonnes. Given the long history of mining in the UK, however, a factor calculated here 

would be of little wider relevance as the conventional reserves remaining are unusually small. 

In India the NTPC power company (2006) estimates that the UCG resource (between 300m and 

1500m in depth) is 315 billion tonnes, contrasting this figure with a total resource of 460 billion 

tonnes and proven reserves of 90 billion tonnes (the equivalent WEC figures were 56 billion tonnes 

proven reserves, and a UCG resource estimate of 52 billion tonnes). Here again the factor is in the 

range of 300-400%. Khadse et al (2006) note that Indian coals are dominated by high-ash lignites and 

sub-bituminous coals, and (perhaps optimistically) that UCG might prove less problematic than 

conventional mining and surface combustion. The World Coal Association notes that the Indian 

authorities have identified around 350 billion tonnes of coal resources suitable for UCG44.  

For China, Sun (2010) reports the same figure as the WEC for proven reserves in 2005 (114 billion 

tonnes). He also reports estimates of total proven resources of over 1000 billion tonnes, with 

estimated total resources (up to 2000m depth) of around 5500 billion tonnes, of which 2800 billion 

is within 1000 metres of the surface. No estimate of UCG resource other than that of the WEC (an 

additional 64 million tonnes) has been identified by the present study, but it would appear that the 

WEC figure is very conservative (suggesting a factor of just a 56% addition to proven reserves). 

Resources summary and conclusions 

LLNL’s previous estimate (Walter, 2007) that UCG accessible resources could be 300-400% of proven 

reserves is widely used as a working assumption, even though LLNL itself is now more cautious. But 

even if constraints arising from groundwater protection and other factors (such as inappropriate coal 

types) were to halve the accessible resource (unlikely given how much of it is found at great depths), 

there would still be adequate to meet many decades of global energy demand. 

                                                           
40

 50bn short tons. 
41

 Cited by http://www.theoildrum.com/node/8184 
42

 The WEC figure for Europe as a whole is 235 billion tonnes, including 157 billion tonnes in the Russian Federation. It is 
not clear what the basis of Mostade’s figure of 254 billion tonnes is, but it could refer to the proven or even estimated 
resource. 
43 This is just 10% of the 3000 billion tonnes of coal estimated to lie under the wider North Sea region (Wideroe & 
Sundberg 2005).  
44

 http://www.worldcoal.org/coal/uses-of-coal/underground-coal-gasification/ 

http://www.theoildrum.com/node/8184
http://www.worldcoal.org/coal/uses-of-coal/underground-coal-gasification/
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For comparison in climate terms, Swart and Weaver (2012) calculate that burning all of the proven 

coal reserves (614 Gt of carbon) would add 0.92°C (range: 0.61 to 1.29) to global temperature. On 

that basis a doubling in coal reserves, fully utilised by unabated UCG would add a further 0.92°C to 

global temperature, while a 300% increase would add an additional 2.76°C45. 

  

                                                           
45

 Applying Swart and Weaver’s calculated factor of a 0.15°C rise in temperature for each 10
17

g (0.1 trillion tonnes) of 
carbon emitted. They note this factor is valid for calculating responses to emissions up to approximately 20 x 10

17
g (roughly 

the amount resulting from full exploitation of a  coal reserve 330% larger than present).. 



28 | P a g e  
 

3.4  Key country / region reviews 

This section outlines and contrasts the development of the sector in the countries or regions where 

there has been most significant recent activity: Australia, China, the EU and Canada. 

Australia  

Australia has probably been the most active location for UCG in the last decade. It has a developed 

and diverse resources sector, responding to growing demand from China, so there has been much 

exploration and assessment of coal resources. Significant deposits however are considered stranded 

simply because they are distant from export facilities. This has led to the development of UCG trials 

in relatively thick shallow seams of coal which would probably be mined conventionally if they were 

found in the USA, or would have long-since been mined out  in Europe.  

Early enthusiasm from government appears to have waned, reflecting growing opposition from 

farmers, concerned about surface disruption and potential threats to water quality (given their 

dependence on groundwater for watering livestock). It also appears that initial concerns over 

potential conflicts between UCG and other mineral resource licences (notably coal bed methane) 

had not been fully resolved, and continue to generate uncertainty and risk of delay for potential UCG 

investments.  

The Australian state of Queensland has developed formal policy on UCG, to enable pilot projects to 

proceed followed by a comprehensive review46. As of November 2011, the review report was due to 

have been completed. It appears however, that the report may have been delayed following delays 

in the preparation of the individual pilot project reports47. Following only partly substantiated48 

reports of groundwater pollution, one of the three pilot projects (Cougar Energy’s at Kingaroy) was 

closed down by regulators49, and a second (Carbon Energy’s at Bloodwood Creek) had operations 

suspended for several months while management and monitoring procedures were revised50. In 

September 2012 the Queensland Ombudsman criticised the approval processes for UCG, highlighting 

the lack of environmental assessment procedures and recommending the development of better 

guidelines for applications for such novel or emerging technologies51. 

At present the Linc pilot is still operating at Chinchilla in Queensland, although the company had 

initiated negotiations to develop its subsequent commercial demonstration in another Australian 

state instead. More generally the companies involved have either turned their attention to overseas 

joint ventures, notably, but not exclusively in China, or reduced their engagement in UCG. For 

example Clean Global Energy, which claimed two projects under development in 2010 (one in 

Queensland and one in Victoria) announced in 2012 that it had withdrawn from UCG in favour of 
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 Policy documented at http://mines.industry.qld.gov.au/assets/mines/ucg_policy_february_2009.pdf 
47

 State elections in March 2012 may have triggered further delays. 
48

 Cougar, and other commentators have suggested that the apparent breaches were the result of laboratory error, and 
have sought compensation from the authorities for the impacts of the ruling. 
49

 This project at Kingaroy was operating at relatively shallow depths (100-300m), and in Canada at least the problems 
here, although disputed – especially by Ergo Exergy- have been seen as reason to support deeper development (Bentein, 
2010). 
50

 Documented by the Queensland Government at http://www.ehp.qld.gov.au/management/ucg/index.html. 
51

 http://www.brisbanetimes.com.au/queensland/ucg-approval-system-inadequate-ombudsman-20120926-

26k80.html#ixzz2BWcepinz 
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conventional coal52. Even Linc has recently cut jobs (in other divisions) in an effort to establish 

profitability, despite pushing ahead on joint ventures in the USA, China, Poland and Vietnam53. The 

fall-out from the Cougar shut-down spread to Canada, apparently leading Alberta regulators to 

review the two projects proposed there (Swan Hills Synfuels and Laurus), and contributing to delays 

(Bentein 2010). 

Within Australia, emphasis has also shifted away from development of UCG for power, to production 

in addition, or instead, of higher value commodities such as liquid fuel (Linc has even demonstrated 

production of jet fuel54), pipeline quality synthetic gas55, or urea fertiliser56. 

China  

Limited information is available on UCG in China, but from what is available it is clear that the sector 

is relatively active, and distinguished from many other regions by the relatively greater involvement 

of large mining companies and government agencies. Of course this is not unique to UCG, but 

common to many resource and industrial sectors in China. 

In 2009 Friedmann reported 16 UCG pilots in China since 1991, and ongoing or proposed activity by 

several companies, including the XinWen coal mining group in Shandong Province (six reactors 

producing syngas for cooking and heating), and ENN Group (formerly XinAo Gas) (developing a 

20,000 ton-per-year methanol plant based on a UCG pilot, and planning an additional 30,000 ton 

per-year methanol plant at a different location). He also reports a project in Shanxi Province using 

UCG gas for the production of ammonia and hydrogen. In 2011 Chen (2011) reported 10 feasibility 

studies and 2 operating pilots in China, one of which had been running for around 2 years.  

This study found nine projects, but it is acknowledged that there could easily be more, largely 

unreported in the western sources available57. Chinese developments have moved away from early 

experimentation with gasification in relatively small scale abandoned mineworkings to large scale 

application of directional drilling in deep seams, primarily lignites.  

Despite fairly high levels of government support for research, and the reported generation of 30 

UCG patents by one leading company, in the current phase the Chinese would appear to be fairly 

actively seeking to bring in expertise from elsewhere through inward investment. In 2011 China and 

the UK signed a collaboration agreement involving Seamwell, with the target of developing a 1GW 

scale power project58. There are also large scale projects under development in joint venture form 

with Australian companies including Cougar Energy59 and Linc60, although neither is progressing 

                                                           
52

 http://www.proactiveinvestors.co.uk/companies/news/41132/clean-global-energy-welcomes-non-executive-director-to-
support-shift-to-conventional-coal--41132.html 
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 http://news.smh.com.au/breaking-news-business/linc-energy-cuts-60-jobs-20120704-21g6b.html 
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 http://www.brisbanetimes.com.au/queensland/taking-a-ride-on-a-coalfuelled-plane-20120508-1yafp.html 
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 Carbon Energy has released FEED study estimates of Aus$3.5 - 4.5/GJ, compared with forecasts for natural gas costs in 
2015 of Aus$6.5-10.0 http://www.carbonenergy.com.au/IRM/Company/ShowPage.aspx/PDFs/1561-
83497961/LowCostSourceofNaturalGas. The full study however is not available for scrutiny. 
56

 http://www.libertyresources.com.au/ 
57

 One commercial survey of Chinese gasification projects lists 10 UCG projects operating or under construction by 2011, 
with a very small overlap with the projects identified here. However the majority of the listed projects are described as 
UCG ‘stations’. These may be the previous generation of facilities operating in abandoned coal mines. 
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 http://www.seamwell.com/27jun11.html 
59

 http://www.cougarenergy.com.au/pdf/2012%20Annual%20Report.pdf 
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rapidly, and the status of a third such project with Clean Global Energy (CGE) is completely unclear 

following CGE’s withdrawal from UCG.  

Projections by XinAo (cited by Wan 2006), suggest that by 2050 China could be consuming 50-60 

exajoules of gasified coal by 205061. In an effort to demonstrate UCG for that potential market, 

XinAo aimed to be gasifying 36mt of coal pa by 202062 and predicted a market value in the order of 

$6bn pa (Wan 2006). Meng et al (2007) also note a large, and potentially growing market for coal 

gasification in the ammonia industry in China which currently employs fairly modern surface 

gasifiers. More generally China’s interests in UCG would seem to be as – or more – strongly driven by 

demand for chemical feedstock as for power. This suggests there may be further potential for UCG if 

it can be proven in this sector. 

The extent to which China is expecting UCG to be linked with CCS is entirely unclear. Even the UK 

deal is not explicit about whether the proposed development will trial CCS, although one of the 

Chinese partners is the state-owned enterprise CECEP - the China Energy Conservation and 

Environmental Protection group63. Given China’s interest in CCS on other forms of coal fired power 

generation, it seems unlikely that UCG’s potential in this respect will be ignored, but it does not 

appear to be a primary driver. At least some of those promoting UCG in China are highlighting other 

potential environmental benefits (less mining, less coal washing, less ash disposal, less particulate air 

pollution) that could contribute to addressing China’s more obvious and pressing environmental 

concerns, while allowing a continued growth in coal exploitation. 

In passing it is worth noting that there are several parallels with the Chinese case in India with 

substantial involvement by large semi-public energy and resource companies (Oil and Natural Gas 

Corporation (ONGC) Ltd, Coal India Ltd), a push for UCG as a means of increasing energy supply and 

interest in inward investment. Perhaps unsurprisingly this is less reciprocated from outside than in 

the Chinese case, and this, along with less obvious government support, has meant less 

development so far.  

In both China and India there is also some data to suggest that UCG is more expensive than 

conventional mining and power production (see Section 4.2 below), but it clearly remains of interest 

as a means of increasing power supply in countries with considerable scope for growth in demand. 

European Union 

Interest in UCG within the EU has been sustained in part by the continued support of the 

Commission for research into UCG linked with CCS, and in part by continued concerns over reliance 

on gas for power generation, particularly in Eastern Europe where gas supplies come almost 

exclusively from Russia, and are therefore considered insecure. Large multinational research projects 
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 http://ucgassociation.org/index.php?option=com_content&view=article&id=304:linc-energy-close-to-reaching-chinese-
ucg-deal&catid=38:current-news&Itemid=429 
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 Equivalent to about 7% of global energy consumption. 
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 Enough to fuel up to 14GW of conventional coal power capacity if bituminous coal, but in practice likely to be in the 
range of 6-10GW depending on coal type and efficiencies. 
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 CECEP has 30,000 employees and directly invests up to 25bn yuan pa. 
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have helped sustain significant research capacity in countries including the UK, Poland and 

Germany64. 

In the UK the Government took a leading role in assessing the potential and encouraging 

investigation of the UCG option in the early 2000s (notably before the global emergence of shale gas 

as an alternative to natural gas). However a proposed onshore trial raised substantial local 

opposition and was cancelled. Subsequently the Government appended some public opinion work 

on UCG to an ongoing contract examining public understanding and acceptability around CCS. 

Researchers at Edinburgh conducted a public engagement event on UCG, utilising an established 

group that had been involved in the CCS project. 

That work (Shackley et al 2006) confirmed that there might be serious public scepticism, and likely 

opposition to UCG in densely populated places (such as the UK, in comparison to Australia). It also 

implied that UCG without CCS would be seen as unacceptable – although because the focus group 

had previously been involved in discussion of CCS, whether this can be generalised has been 

questioned. Partly in response the Government shifted attention to UCG offshore, and at depth. The 

licencing regime has been clarified, and twelve conditional licences issued in nearshore locations. 

Such locations might be developed using directional drilling from on-shore wells, or by drilling from 

platforms (utilising other oil and gas industry expertise also). Some of these proposals have already 

stimulated public concern and opposition – notably at Swansea Bay65. 

Elsewhere in Europe commercial interest in UCG at present appears highest in the East. In Poland 

this perhaps reflects reliance on coal which is continually under pressure from EU aspirations to cut 

climate emissions. In Bulgaria and Hungary it would seem that escaping reliance on Russian gas is 

the principal driver. Here proposals – such as the Wildhorse development at Mecsek (Swinney, 

2011)66 - and debate focus on generation of power from syngas, while in the UK there is more 

diversity of interest, with high value products such as chemical feedstocks under consideration in 

some developments as a result of proximity to existing petroleum refining and chemical industry 

developments. 

In Europe UCG exploration has typically included deeper reserves than elsewhere – partly a historical 

anomaly as shallower reserves have been more comprehensively mined in previous times, and partly 

because of the interest in linking UCG with CCS. There is little clarity on the regulatory requirements 

that might arise, such as the proposal emissions performance standard (EPS) on power generation. 

However, within the European UCG sector there is some awareness of the prospect of an EPS, and 

some developers such as Five-Quarter Energy in the UK are informally targeting the 450g/kWh level 

previously considered for coal fired power with partial CCS67.  

The functioning of the EU-ETS suggests that developers might extract some value from CCS on UCG, 

but the figures cited below (see section 4.2) would imply that the ETS value of CO2 is not yet high 

enough to justify even partial CCS on UCG. 
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 See for example http://www.huge.gig.eu/en.html, 
http://www.carboncapturejournal.com/displaynews.php?NewsID=718and for a large German research project: 
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 Interview finding: Dermot Roddy. 
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In Europe, UCG may be stimulated in comparison to some other markets if shale gas is ultimately 

tightly constrained in some or all member states. However, dense populations and a lack of easily 

worked resources can be expected to also constrain deployment of UCG in Western Europe. 

Regulatory regimes, although relatively well developed, with CCS legislation largely in place, have 

still to be refined to the specifics of UCG in many European countries. With the exception of the UK, 

mining regulations in the EU rarely consider UCG as a coal extraction process, and permits would be 

required on an individual basis (Green, 2012). In Hungary for example, Wildhorse has reached a 

cooperation agreement with the Government that involves the collection of information on 

environmental protection and licensing – to inform development of regulations - alongside 

endorsement of the Mecsek Hills trial UCG68. 

Canada  

Canada has seen a middling level of activity, with five current projects identified by this survey. It is, 

however, of interest for several reasons. A high proportion of projects (albeit on a small base 

number) have declared interests in CCS, and the state government in Alberta has significantly 

advanced a clear policy framework for UCG (see box 2). 

In some respects the drivers in Canada are similar to Australia, a resource exporter with a key large 

market to supply. However the US market is different to China, and this has driven strategic links 

with Canada, and particular directions. Demands for greater (indigenous) energy security, 

particularly for liquid transport fuels, have come to the fore, with particular expression by military 

interests. It seems no coincidence that Wesley Clark, previously a military general in the US is now 

chairman of Envidity, a Canadian UCG project developer focused on gas-to-liquids uses of syngas.   

Envidity also draws parallels between UCG and oilsands, seeing the UCG sector as analogous to 

oilsands 20 years ago69. The relative commercial success of both shale gas and oilsands in recent 

years is clearly an incentive to such developers to persist with UCG, rather than a discouragement, 

despite some downward pressure on energy prices as a result. 

The level of interest in CCS may be partially a result of the backlash against oilsands in Europe and 

elsewhere – and thus a precautionary measure. However it is more likely a product of the 

established use of CO2 for enhanced oil recovery (EOR) in Canada (as in parts of the USA). This means 

there is an obvious market for separated CO2, in which capture is merely a side benefit. The 

development of partial CCS – upgrading the syngas, while capturing already pressurised CO2 for sale 

to EOR – would appear to be a commercial possibility even in the absence of a carbon tax or direct 

payments for CO2 sequestered70. Insofar as EOR increases the global level of oil extracted and 

burned, CCS for EOR has limited if any climate benefit, and may even stimulate a net increase in 

emissions71. 
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The Swan Hills pilot scheme is considered further in Section 4 below, but is worth briefly mentioning 

here as an indicator of trends in Canada. It is examining UCG at depth, and intends to pilot CCS with 

a substantial state government grant. The proposal is to produce both power and liquid synfuels, 

with the power being sold locally for oilsands industry operations.  

 

Box 2: Alberta’s regulatory approach 

The Canadian state of Alberta has one of the most advanced regulatory regimes for UCG. In contrast 

to Australia, where despite several pilot developments, regulatory uncertainty remains, even in 

Queensland, Alberta has developed and adopted a transparent regime. It is largely untested, 

however, so may yet prove insufficient. 

In Alberta mineral rights lie with the state (the public). The State government grants tenure and 

collects royalties. The approvals and compliance procedures are led by the Energy Resources 

Conservation Board (ERCB) which deals with both oil and gas and energy minerals including coal; and 

with pipelines and CCS72.  According to ERCB (McDonald 2012), no in situ coal scheme may proceed 

without: meaningful consultation (and under Albertan law, third parties have supported access to 

the courts on points of procedure (such as a grievance over inadequate consultation)); a formal 

project application, which may include an EIA and assessment of cumulative effects; a complete 

review by expert ERCB staff; on complex or contentious projects, a formal public hearing; and a 

formal decision document.  

In situ coal gasification scheme approval involves separate consideration against regulations for 

production and injection wells, gas processing facilities and off lease pipelines, with groundwater 

protection, subsidence and resource conflict the main considerations. To ensure effective post-

operation management, security is collected by ERCB to guarantee proper and safe suspension or 

abandonment of in situ coal scheme. Well abandonment is covered by a further specific ERCB 

Directive. Alberta Environment (an agency of the Ministry of Environment and Sustainable Resource 

Development is responsible for oversight of reclamation. 

 

 

  

                                                                                                                                                                                     
the potential scale of the problem, the Weyburn-Midale EOR scheme in Canada is anticipated to store around 
35mt-CO2, but in the process increase oil production by 222m barrels (http://ptrc.ca/projects/weyburn-
midale/faqs), equivalent to an additional 95mt-CO2 at a standard factor of 430kg-CO2 per barrel. 
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4 The technological, economic and regulatory status of UCG and 

prognosis for future development 

This section makes a broad assessment of the readiness of UCG for deployment: considering in turn, 

technological challenges, economic and commercial issues, and potential regulatory hurdles, before 

concluding with a tentative prognosis for the future development of the technology. 

4.1  Assessment of current technological status of UCG 

This sub-section reviews the technological status of UCG, first reviewing the current pilot 

developments, and then examining in more detail three broad phases of UCG development: the 

underground gasification process; the surface collection, upgrading and processing; and finally 

(potentially) the capture and storage of associated CO2.  

These three stages are currently at different stages of technological advancement and readiness for 

large-scale deployment. Consequently potential obstacles in the technical and commercial 

integration of these elements may not have yet even been identified. 

Broadly the underground processes have been technically proven, but not commercially; the above 

ground processes are well demonstrated, and some commercially deployed, in other contexts; and 

the CCS elements are generally past proof of concept, but not widely technically proven, while 

storage of CO2 in a gasification void is yet to be demonstrated and lacks even proof of concept.  

Before considering the three phases in more detail, this section briefly outlines the scaling up steps 

from pilot to commercial scale and provides an overview of current pilot developments. 

4.1.1 The scale of development 

Here we have considered commercial scale development of UCG as being able to produce enough 

gas to fuel more than 100 MW of power generation (at least 1,500 million m3 syngas pa, requiring an 

array of multiple wells and gasifiers). There are a small number of proposals of this scale identified in 

the survey, but none operating or even under construction. There have been large-scale UCG 

operations in the Former Soviet Union (FSU), one of which (at Angren in Uzbekistan) continues 

today, with the plant and associated intellectual property now owned by Linc Energy, a leading 

Australian UCG developer. The syngas from the UCG operation is co-fired in a nearby pulverised coal 

combustion plant. The FSU operations could be described as industrial scale, but were not 

developed nor operated, within commercial market constraints, or contemporary environmental 

standards. As a result these cannot be argued to prove the commercial viability of the technology.  

Demonstration scale development is considered to be that in the range of 10-50 MW power 

equivalent (150-750 mm3 syngas pa, probably requiring multiple gasifiers running in parallel). There 

are multiple proposals at this scale but none operating. 

Pilot scale development is measured in single digits MW equivalent (up to perhaps 150 million m3 of 

syngas pa – an amount which can be produced by a single gasifier). There are pilot scale 

developments currently operating in several countries (Australia, South Africa, New Zealand, Canada 
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and China). These cover a range of applications and circumstances for UCG, including one which is a 

precursor to a proposed UCG-CCS linked development.   

4.1.2 Existing Pilot scale developments 

This section briefly outlines 5 pilot-scale developments73 all of which have already successfully 

produced syngas, and which are seem in the industry as a critical set of trials setting a foundation for 

potential commercialisation. 

Chinchilla, Queensland, Australia. Linc Energy has constructed and commissioned a UCG 

demonstration facility in Queensland. The facility has operated a series of UCG gasifiers since July 

1999. The fifth was ignited in October 2011 and - as of June 2012 - has produced almost 2 million 

cubic metres of syngas and consumed approximately 1900 tonnes of coal from the first of a 

scheduled 12 cavities. Gasifier 4 produced a much greater volume: around 45 million cubic metres of 

syngas over a 2 year period, and is now being decommissioned74. Linc initially used Ergo Exergy 

technology, but terminated their license in 2007 and now use their own proprietary form of CRIP 

technology called a coil tubing unit (CTU) and are planning to imminently trial oxygen rich 

gasification. The syngas is processed at the surface and following upgrading is fed into a Fischer 

Tropsch reactor to produce a synthetic crude that can be further processed into diesel and jet fuel75. 

Production rates have been low76 (between five and 30 barrels per day), and the company has 

primarily used this for public relations stunts. Linc say that CO2 separated at upgrading can be used 

for EOR, and proposes to do so in commercial UCG developments. However at the Chinchilla pilot 

CO2 is vented to the atmosphere. 

Two further demonstration stage projects in Queensland have run into regulatory difficulties, with 

operations at one closed and one temporarily suspended by regulators, because of fears of toxic 

contamination via groundwater. 

Huntly, New Zealand, Solid Energy: The national coal company’s NZ$22m UCG pilot plant near its 

Huntly deep mines, has been producing syngas since April 201277. The project took around 18 

months to move from resource consents to production. The pilot uses Ergo Exergy eUCG techniques, 

testing reverse combustion and hydro-fracturing for linking and both air and oxygen injection for 

gasification. The pilot is expected to gasify about 35 to 50 tonnes of coal per day to produce syngas 

over a period of about 18 months (20-25 kilotonnes total) before shutdown. The coal lies in a seam 

up to 10m thick at a depth of 350m. The pilot has involved drilling 6 process wells and an 

environmental monitoring array including 54 piezometers in various aquifers and at varying 

distances from the gasifier (for pressure measurement), 28 water sampling points in 4 separate 

aquifers (including the coal seam) and 12 geophones (to record overburden deformation events) 

(Solid Energy 2011). The gasifier is operated below hydrostatic pressure to allow net inflow of 

groundwater (consuming 130-250m3 per day – around 3-8m3/tonne of coal gasified) and the cavity 

will be flushed at shutdown. The gas is incinerated or flared – no power is generated (Solid Energy, 
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 Table 2 above noted 7 schemes at pilot stage. The other two not detailed here are Carbon Energy’s Bloodwood Creek 
demonstration in Queensland, and a pilot gasification in the Thar coalfield in Pakistan (see Annex 1 for more information). 
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2010). As of 2012 Solid Energy was experiencing financial difficulties and some commentators 

predict a retrenchment in conventional mining in the face of limited capital to invest78.  

Swan Hills, Canada, Swan Hills Synfuels: A roughly $30m pilot demonstration of a gasifier was 

completed at approximately 1400m depth in 2009. The demonstration benefited from around 30% 

public funding via the Alberta Energy Research Institute. One innovation demonstrated was the use 

of water from a saline aquifer for steam injection. The approx. $1.5bn next step proposals are for a 

commercial scale syngas plant (17m gJ pa) to be operational by 2015, supplying a 300MW CCGT 

power plant via a conventional gas pipeline79. The power station will use the syngas as its ‘primary 

fuel’80. The CO2 emissions at the power plant are projected to be around those of standard gas-CCGT 

use in Alberta, which implies that the upgrading will probably involve only removal of CO2 (and no 

conversion of CO in the syngas). Albertan Government funding of approx. $280m for the CCS 

component has been secured. The captured CO2 – around 1.3 mt- CO2 pa - is expected to be sold for 

enhanced oil recovery purposes81.  

Majuba, South Africa, Eskom: Producing raw syngas for a local power station from UCG based on 

vertical wells at around 300m depth, linked with hydrofracturing82 and using air-blown production 

techniques licensed from Ergo Exergy (Gross & van der Riet, 2011). The power station was 

constructed on the expectation that the deposit could be mined conventionally, but the geology 

proved unsuitable and UCG is now being used to partially replace coal trucked from a more distant 

source. The syngas is not upgraded, and because it is co-fired with coal there is limited concern over 

variability of supply or composition of the syngas (although syngas from several wells is blended). 

The current 6 MW capacity scheme is seen as a stepping stone to 40 MW dedicated syngas-fired 

demonstration unit, possibly to be followed by six 350 MW commercial units  constructed 

sequentially from about 2014 (Couch, 2009). The pilot scheme has raised several concerns which are 

delaying progress significantly in comparison with early forecasts83. These include treatment and 

management of syngas condensate at larger scale (Abboo, 2012), and assessments of the pilot which 

indicate that UCG at the Majuba site does not meet Eskom strategic drivers associated with carbon 

emissions (Beeslaar 2012). However three alternative strategies remain under consideration for 

future development (scaling up cofiring, or progressing towards multiple CCGT units either directly, 

or first by developing an open cycle gas turbine demonstration scale plant (Beeslaar, 2012). 

Ulanchap, China, ENN: As of April 2010 the most recent of a series of gasifiers had run for 26 

months, gasifying 100,000t of coal, and running a 5MW power plant continuously for 22 months. 

The facility has tested and compared costs of both air-blown and oxygen-blown syngas, and uses 

directional drilling. Comprehensive subsurface monitoring of temperature and cavity development is 

achieved with various techniques such as temperature probes, and seismic and radon monitoring 
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 http://www.nbr.co.nz/article/no-capex-solid-energys-next-big-adventures-just-yet-bd-127295 
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 http://swanhills-synfuels.com/wp-content/media/SHS-ISCG-Clean-Power-Backgrounder-August-2011-Final.pdf 
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 It is unclear whether the reference to ‘primary fuel’ means that the syngas will normally be co-fired with natural gas, or 
only if supplies are inadequate. 
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 http://swanhills-synfuels.com/projects/iscg/ 
82

 http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=55&Itemid=108 
83

 http://www.esi-africa.com/node/8720 reports a forecast of completing three phases and producing over 600,000nm
3
 of 

syngas per hour by 2010. The current pilot produces 15,000 nm
3
 per hour (Beeslaar, 2012). The delays are also probably 

responsible for the lack of progress by Eskom in evaluating other sites, 27 of which were apparently under consideration as 
early as 2007 (http://www.esi-africa.com/node/8720). 

http://www.nbr.co.nz/article/no-capex-solid-energys-next-big-adventures-just-yet-bd-127295
http://swanhills-synfuels.com/wp-content/media/SHS-ISCG-Clean-Power-Backgrounder-August-2011-Final.pdf
http://swanhills-synfuels.com/projects/iscg/
http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=55&Itemid=108
http://www.esi-africa.com/node/8720
http://www.esi-africa.com/node/8720
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(Chen 2010). The facility at Ulanchap, Inner Mongolia cost $155 million84. The operator, ENN, is a 

large gas utility. 

4.1.3 Underground elements 

The key components of the UCG process underground were outlined in section 1 (and are shown in 

simplified form in figure 1 above). These are listed below with a short assessment of the 

technological readiness of each component: 

Survey and identification: seismic survey and computerised modelling have advanced greatly since 

many UCG trials were completed. It is generally considered that these are at a good state of 

technical readiness, although it is unclear how costly advanced techniques are and exactly how 

effective they are at screening out inappropriate deposits. For example there is intense debate 

continuing in Pakistan over the suitability of the Thar deposits for UCG, even though small pilot 

gasifiers have apparently been successfully combusted85. Because of the dynamic changes 

introduced by the growth of the gasification cavity, ongoing seismic monitoring is desirable in 

operation. Advanced survey methods for monitoring have been developed at LLNL (geophysical 

electrical resistance tomography) which use the well casings as sensing electrodes (Burton et al 

2006; Walter 2007). 

Burton et al (2006) review best practice in UCG, identifying needs for further R&D in geological and 

environmental modelling and monitoring. They note that “Monitoring of UCG is currently in its 

infancy. Pending commercial or demonstration projects could benefit substantially from a 

comprehensive monitoring program aimed at improving understanding of in-situ gas conversion and 

aqueous transport near the reactor zone” (p94). 

Drilling and well lining: Drilling techniques have also dramatically improved with directional drilling 

techniques from the oil and gas industry now being tested in pilot schemes. However questions 

remain as to the thickness of seams that can be exploited. One of the early directional drilling trials 

at El Tremedal in Spain experienced serious difficulties in keeping the drilling line within a 2-5m thick 

seam86. Drilling costs are the key element of UCG operational costs, and directional drilling (although 

much more expensive per metre) offers significant benefits over drilling multiple vertical wells, 

benefits which increase with depth. Well-lining is well established in other sectors, but the optimum 

approaches for UCG are unclear, largely due to the degree of commercial confidentiality in the 

sector, and it is unclear whether the reliability established elsewhere will be adequate for UCG. 

Linking and ignition method: Trials and pilots over the past decades have successfully demonstrated 

a range of linking methods, of which variants or imitators of the CRIP technology would appear to be 

becoming dominant (at least for deep operations87). The combination of directional drilling and CRIP 

can be considered to be technically established, although as yet unproven in commercial 

circumstances where reliability becomes critical.  
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 http://www.technologyreview.com/news/424613/exploiting-chinas-coal-while-its-still/ 
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 See for example http://www.nation.com.pk/pakistan-news-newspaper-daily-english-online/business/03-Sep-2012/thar-
coal-the-game-changer 
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 http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=73&Itemid=130 
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 In shallow operations, especially where seams are fractured or compacted conventional reverse combustion linkage may 
prove cheaper. 

http://www.technologyreview.com/news/424613/exploiting-chinas-coal-while-its-still/
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Gasifier control: This is almost entirely covered by commercial confidentiality. Research papers 

typically suggest that adequate control to produce a consistent stream of product gas is possible 

varying only the parameters of oxidant composition and rate of injection. However this requires 

good gasification modelling, and further advances in modelling of gasification in dynamic 

underground chambers are desirable (Burton et al 2006) as current models have various 

shortcomings which may make them of limited use in commercial developments with multiple 

parallel gasifiers. However in such developments, blending of product gas might be used to ensure 

consistency. On the other hand this implies either enhanced levels of control over production rates, 

or extra investment in additional equipment for gas storage and blending. 

Gasifier flushing and sealing: Given modern environmental standards it is generally considered that 

gasifiers will be operated below hydrostatic pressure so accumulated contaminants remain in the 

chamber88. Good practice at decommissioning (especially if subsequent CO2 storage is envisaged in 

the cavity) is to then flood and pump the chamber and collect the contaminants at the surface. In 

addition, Burton et al (2006) stress that plugging the entire length of the well and following proper 

procedures for well abandonment for all wells is important. The basic principles have been 

established, but there is little practical experience of this phase on which operators can draw. On the 

other hand there is significant experience from the oil and gas industries of well sealing techniques 

which could be applied in UCG. 

 
In summary, technological advances in directional drilling and seismic survey would appear to have 

brought the underground components of UCG to a good state of technological readiness, perhaps 

even to the verge of commercial readiness, but elements of monitoring, control and 

decommissioning would appear to require further proving. 

4.1.4 Surface components 

The key surface components and their state of development are outlined below89 (and shown in 

simplified form in figure 1). 

Air separation unit: required if oxygen or oxygen enriched air is to be injected as the oxidant. This is 

a standard proven component. 

Steam generator: required if steam is to be injected, rather than generated from underground water 

within the cavity. This is also a standard proven component. 

Gas collection and cleaning: There is substantial experience with cleaning syngas from surface 

gasifiers operating with a range of input fuels including coal. Although there appear to be some 

consistent differences between the products of surface and underground gasification, and more 

potential for variation in the product composition and flow from underground, it is generally 

considered that these are manageable within existing industry experience. The ideal commercial 

design and operation of this component may take some further experience to establish. Gas 

collection may also be more complex from underground, but does not require technical innovation. 

                                                           
88

 This may limit operations to deeper seams, as both maintaining negative pressure and reasonable injection flow rates 
can be problematic above about 300 metres depth. 
89

 This section draws primarily on Couch 2009, Burton et al 2006, and Shafirovich & Varma, 2009. 
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Gas upgrading and processing: The syngas can be directly combusted or co-fired in a power plant, 

but in most cases some degree of processing or upgrading will be undertaken. The specifics will 

depend on the intended end use, with more complex procedures for liquid fuel production than for 

upgraded gas. All the technologies involved are technically proven and established, although the 

commercial use of Fischer-Tropsch reactors for production of liquid fuel from gas is not common. 

With this possible exception the necessary technologies can probably all be considered commercially 

available. 

Management of gasification condensate and other contaminated wastes:  The gasification process 

produces significant quantities of contaminated liquid waste (with in the order of 200 litres of 

contaminated gasification condensate produced per tonne of coal gasified). Treatment methods 

have been explored since the 1980s (Luthy et al 1983,Humenick and Shellenbarger 1986), and 

subsequent experience with surface gasification would suggest it was technically resolved. However 

the issue has resurfaced recently at the Eskom trial (Abboo, 2012) and it may prove a significant 

challenge to commercial scale UCG.   

Gas transport: Unless completely converted into other products, some form of gas pipeline will be 

required. Experience with pipeline design and management is substantial, and UCG does not appear 

to produce unusual contaminants that would have implications for pipeline design. 

Syngas combustion: Although not technically part of the UCG operation, it is relevant to consider 

whether syngas from UCG (air-blown or oxygen-blown, raw, or upgraded) can be burnt in existing 

turbines without significant modification. Co-firing with coal appears to have been proven, and co-

firing with natural gas suggested in some cases. Dedicated gas turbines commissioned for the 

purpose can clearly use syngas, but questions may remain over the flexibility of existing power 

turbines, or those designed for natural gas. Here even use of upgraded syngas is not yet 

demonstrated. Fergusson (2009) is confident that such flexibility can be achieved, but drew this 

conclusion in part on the forecasts of Powerfuel that a turbine warranted to run on either natural 

gas or syngas could be sourced, allowing them to start operations at the proposed Hatfield CCS 

project on natural gas, and subsequently switch to surface gasified coal. If high rates of carbon 

capture were achieved by upgrading the syngas to hydrogen (or a very hydrogen rich gas) then it 

could be expected that specially designed turbines would be needed (although these could also burn 

natural gas, the opposite does not hold). 

Overall we can therefore conclude that the above ground components are mainly readily 

commercially available, but as noted above, the configurations required for UCG are less common, 

and might require some optimisation or adaptation.   

On the basis of the above assessment, ‘technology readiness level’ (TRL) criteria (US Department of 

Defence, 2006) can be applied to the combined below and above ground components of UCG. This 

would suggest an overall TRL of level 7-8 (defined as system prototype or full demonstration in 

relevant environment), where commercial deployment might occur at level 990. The TRL of a 

combined UCG-CCS system will be estimated after a review of the CCS components. 
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 The TRL system was designed for assessment of technologies in non-commercial functions – such as space missions. It is 
therefore not particularly sensitive to differences between pilot scale deployment, demonstration scale deployment and 
commercial deployment. Most UCG developments are still at pilot scale. 
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4.1.5 CCS components 

The application of CCS to UCG is theoretically sound, but almost entirely untested at a system level. 

This section outlines some of the different approaches considered, the arguments made as to why 

CCS on UCG might prove easier or cheaper than other applications of CCS to coal-fired power, and 

some of the areas of uncertainty or controversy, concluding with consideration of the relative scope 

of CCS on UCG used to generate different product streams. 

There are several alternative ways in which CCS could be applied to a UCG operation, and – at least 

in theory – several steps at which the nature of the UCG process might make CCS easier or cheaper 

than in the more conventional applications currently being encouraged by several governments91. 

The main potential advantages flow from two sources: first that the syngas flows from the well as an 

already pressurised mix of gases including some CO2 and CO; and second, that gasification leaves an 

underground chamber already linked to the surface by drilled wells, loosely filled with collapsed 

rock, with a zone above the chamber (several times its height) where cracking and subsidence can 

increase the porosity of the rock92. 

 

Figure 7: UCG activities and areas of suitability for geological carbon storage 

 

Source: Couch 2009, after Friedmann 2008. 
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 This section is based primarily on Friedman et al 2009, Friedman 2009, Friedman et al 2007, Green 2008, Kempka et al 
2009, Roddy & Younger 2010. 
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 It has also been suggested – based on laboratory studies and modelling - that gasification residues in the chamber and 
surrounding strata can dramatically increase the sorption capacity for CO2, thereby increasing the storage capacity 
(Kempka et al 2011). 
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Table 4: Alternative approaches to CO2 capture in UCG 

Separation 
method  

Location Description Status Potential 

Steam/O2 

cycling  

Separation in 

the gasifier / 

reactor 

chamber. 

By alternating the 

medium injected into 

the gasifier, alternate 

streams of H2 rich and 

CO2 rich gas are 

produced. 

Cycling effect 

demonstrated but 

logistics of capture 

at the surface are 

as yet untested. 

Can separate up to 

30% of the 

potential CO2. 

Syngas 

upgrading 

Separation at 

the surface, at 

the UCG 

installation. 

Use of either 

membrane pressure or 

acid gas removal 

methods such as 

Selexol
95

. 

Well established 

from application to 

surface gasifiers. 

Can separate 30-

40% of the 

potential CO2 at a 

small energy 

penalty (5-6%). 

Reverse water  

reaction 

Separation at 

the surface, at 

the UCG 

installation. 

Water is added, under 

suitable conditions, 

which combines with 

the CO content to 

produce CO2 and H2, 

further enriching the 

syngas. 

Well established 

from application to 

surface gasifiers 

and chemical 

industry 

applications. 

Can convert up to a 

further 20%
96

 of 

the potential into 

CO2 before 

upgrading at a 

small additional 

energy penalty.  

Oxyfiring
97

 Separation at 

the power 

facility. 

Syngas is combusted in 

a pure oxygen stream, 

producing a naturally 

CO2 rich flue gas 

Experimental stage. 

Non-commercial 

demonstration of 

oxyfiring of coal.  

Expected to 

achieve around 

90% capture at a 

lower energy 

penalty than IGCC. 

Post 

combustion  

Separation at 

the power 

facility. 

CO2 is extracted from 

flue gas using a 

technique such as 

amine capture. 

Not yet 

commercially 

demonstrated. 

Expected to 

achieve up to 90% 

CO2 capture at a 

significant energy 

penalty. 

Note: For key references for this table, see note 77 

 

The first effect means that partial separation of CO2 from the mix could be relatively cheap, and 

because of experience with gasification above ground, also well established – more so than amine 
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 A dual treatment with Selexol (first of the raw syngas, and subsequently of the gas emitted from the Fischer Tropsch 
process) is estimated to reduce process CO2 emissions by 75% in a CTL plant (Mantripragada & Rubin 2009), but the 
process emissions account for only half of the total CO2 potential. Mantripragada & Rubin further estimate that process 
emissions can be reduced to less than 5% in a polygeneration system by use of an amine scrubber such as MEA. 
96

 Overall, upgrading can capture up to 95% of the CO2 available, but this does not account for the carbon remaining in the 
end product which is considered in the ‘total potential’ here. 
97

 Prabhu & Jayanti (2012) describe an oxy-firing technique they describe as Integrated Underground Gasification Steam 
Cycle (IUGSC) which enables ‘carbon-neutral’ power production through CCS. The final efficiency of the system is just 25% 
(after an energy penalty for CCS calculated at 7.7% - which the authors argue compares favourably with the 9-11% penalty 
typical of post combustion capture). 
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capture of CO2 from flue gas. The downside of using established techniques is that there is likely to 

be considerably less potential for technical or commercial improvement to reduce costs or increase 

efficiency than exist in other forms of carbon capture. In general this advantage appears clearer for 

oxygen blown syngas, than for air-blown (Camp, pers comm). The second means that – theoretically 

– compressed CO2 might be relatively cheaply injected into the cavity for storage. Even if this does 

not prove feasible, UCG advocates typically highlight the proximity between coal resources suitable 

for UCG and geological formations suitable for carbon storage, arguing that this implies lower carbon 

dioxide transport costs (eg Friedmann et al 2009). However even a cursory look at the map (figure 7 

above) suggests that there may be some significant exceptions to this claim, in both Europe and 

China. 

Table 4 (above) and Figure 8 below summarises the different steps at which CO2 might be separated 

from the syngas.  

 

Figure 8: Options for application of CCS to UCG 

 
 

However despite a burgeoning literature and ongoing research on UCG and CCS there is little 

consistency in proposals as to how CCS might be applied in practice, and much imprecision in the 

claims made by the sector with regard to the prospects of CCS. Given the difficulties and delays 

encountered by CCS developers in the power sector in recent years (from a situation with initially 

more general agreement about a technical routemap), it can be suggested that CCS on UCG is not as 

close a technical prospect as its advocates typically imply. Figure 9 shows the modifications and 

additions that are likely to be necessary on a basic UCG development to add partial or full CCS. 
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Figure 9: Modifications and additions required to integrate CCS with UCG 

a) To achieve partial carbon capture (with on-site storage) 

 

 

b) To achieve full carbon capture (requiring off-site storage) 

 

Notes:  Option 1 assumes that re-use of the cavity proves possible. Otherwise the modifications flagged with 

purple on (1) would be replaced by those flagged with purple on (2). Option 2 assumes that there is no existing 

storage operation to which the UCG development could feed its captured CO2. 
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In particular, most UCG literature fails to quantify the proportion of emissions that might be abated 

through CCS, and much of it in practice describes only partial CCS, through the separation and 

storage of the CO2 component of the syngas. In equivalent terms, this process implies less than 50% 

capture rates and is likely to result in a syngas which releases in the order of 450g CO2 per kWh if 

combusted for power generation in a CCGT98. Whether intentionally or not, the public and 

policymakers could easily be misled into assuming that far greater levels of emissions abatement are 

being proposed. 

There is also little information provided on CO2 purity. Dense phase injection and storage of CO2 

requires purity above 95%. It is often claimed or implied that the separation processes in syngas 

upgrading would produce pure CO2, but processes like Selexol also separate other acid gases such as 

H2S, which would probably need to be further separated from the CO2 before storage. Steam cycling 

such as that being developed in the HUGE project would not produce a pure CO2 stream (Green 

2012), and the degree of upgrading or cleaning required subsequently does not appear to have been 

specified. 

Reuse of the UCG cavity for CCS 

The scope for reuse of the cavity for CCS is the area of most controversy. The majority of researchers 

or commentators argue that further work is needed to assess this properly, and are loath to suggest 

that the cavity could take more than a quarter or a third of the CO2
99, even if further seismic survey 

after the completion of gasification suggests that it would be secure. Some reject the idea entirely. 

In practical terms, within the EU, given the tight legislative standards for CCS storage facilities, it 

would appear difficult to provide the relevant degree of certainty that leakage would not occur. 

NETL states that: “Using the coal seam cavity has the advantages of pre-existing boreholes and large 

volumes, but there are potential hurdles as well: the integrity of the cavity can be compromised by 

cracking and collapsing caused by the UCG process. Secondly, CO2 will interact with water to form 

carbonic acid and may interact with the coal, char, and ash to form sulfuric acid. These acids could 

migrate out of the cavity, along with CO2. In these cases, the risk for leaching metals and other 

harmful chemicals into water may be substantial. In addition, volatile organic compounds (VOCs) like 

benzene may dissolve into the CO2 and be transported out of the reservoir and travel upwards 

through the crust with CO2.”
100 

Burton et al (2006) also argue that before a substantial program of intra-cavity CO2 injection begins, 

a number of key scientific concerns should be addressed. These include: 

 confidence that the cavity temperature at a given pressure would remain sufficiently low to 

avoid flashing or boiling of CO2 at injection pressures; and that the injection pressure would  

be sufficient to remain supercritical;  

 that valid geomechanical models for stress and rock deformation confirm that responses to 

injection exceeding hydrostatic pressures (in order to displace cavity water) will not induce 
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 Based on no more than 40-50% recovery of the carbon typically released from unabated coal combustion. In one case, a 

UCG developer cited this as a target level, making reference to the UK Government’s discussions regarding a possible 
emissions performance standard for coal-fired power generation. 
99

 Estimates offered during interviews ranged from 10-30% for the cavity alone.  
100

 http://www.netl.doe.gov/technologies/coalpower/gasification/gasifipedia/4-gasifiers/4-1-4-6_underground.html 

http://www.netl.doe.gov/technologies/coalpower/gasification/gasifipedia/4-gasifiers/4-1-4-6_underground.html
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or dilate fractures to the extent that leakage might result;  

 that the combination of cavity cleansing experience, and characterisation and modelling 

provides confidence that VOCs or high metal concentrations from the cavity will not be 

flushed into saline aquifers or coals;  

 adequate reactive transport simulations give confidence that the formation of carbonic acid 

or sulphuric acid from CO2 in the cavity does not risk mobilization of contaminants into 

groundwater;  and  

 that the leakage risks of buoyant supercritical CO2 have been properly modelled and 

assessed.  

To this list might be added: that the potentially increased sorbent capacity of gasification residues 

and affected strata (Kempka et al 2011) be demonstrated in situ. 

Some of these questions may be answered by the European Research Fund for Coal and Steel-

funded UCG-CO2 project, due to report in 2013, which is undertaking geological, technical, economic 

and environmental assessments, with a particular focus on dual use of wells and safe sealing of CO2 

stores based on data gathered at a potential test site at 1200m depth in Bulgaria101
.  

Younger (2011), on the other hand, claims than the cavity and surrounding fractured strata could 

typically take all the CO2 generated (see figure 10 for an illustration of this possibility). This work 

appears to extrapolate from specific circumstances of mining operations under the sea bed, and 

cannot be validated without detailed seismic survey of completed UCG operations. In particular it 

makes potentially misleading analogies between downward penetration of sea-water into 

abandoned mines, and upward escape of buoyant supercritical CO2. Although it is possible that the 

mechanisms which compact strata above the collapsed zone might produce a cap which is 

impenetrable in both directions, confidence in this claim would require further seismic survey and 

detailed analysis. 

It has also been suggested that there may be savings in survey costs (seismic and drilling) for CCS 

because of the survey work needed for the UCG. This is plausible, although limited to cases where 

the cavity is not reused, and a large area is surveyed. Otherwise the need for resurvey after 

movement and subsidence generated by the UCG operation would obviate any benefit. Even in deep 

operations it seems unlikely that regulators would not insist on resurvey after gasification was 

complete. 

In practice, at the best sites, it seems possible that the cavity and surrounding strata might hold 

enough CO2 for cheaper partial CCS (simply separating CO2 from the syngas). However if this were 

demonstrated, a downside would be that the marginal financial hurdle to applying higher rates of 

CO2 capture (essential in climate terms) would be further raised. The likelihood of deployment with 

at most only partial capture would be elevated. However, such partial CCS would then not 
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 See Clean Perspectives on Dirty Coal, Coal International, May/June 2011, p20, and 
http://www.carboncapturejournal.com/displaynews.php?NewsID=718 

http://www.carboncapturejournal.com/displaynews.php?NewsID=718
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significantly deplete availability of storage for other sources of CO2 as it would utilise only the 

storage capacity created by the UCG process102. 

Figure 10: Potential scope for on-site carbon storage after UCG 

 

Source, Couch, 2009, modified after Younger, 2011 and Kempka et al, 2011. 

Even if the technical issues surrounding CO2 storage in the cavity – or surrounding strata- could be 

resolved, such an approach could have significant impacts on legal and commercial dimensions. 

There are anyway serious regulatory issues for UCG, including a prolonged period in which 

monitoring and aftercare might be required. But, depending on the exact nature of the regulatory 

and liability regime, storage of CO2 in the same operation could be expected to extend that period, 

and increase the associated liabilities. It has been noted (Haszeldine, pers comm), that UCG 

companies in Europe can raise finance for energy extraction but not for carbon capture. The 

potential liabilities associated with CCS will form part of the calculus applied by potential investors. 

CCS and different UCG products 

The scope for CCS in part also depends on the end use of the syngas. Power sector uses could 

theoretically be subjected to around 90% capture rates, but if liquid fuels are produced for use in 

conventional engines, then around 40-50% of the carbon will typically remain in the fuel103 and be 

emitted through the tail pipe of the vehicle. Jaramillo et al (2008) calculate that even if CCS captured 

90% of CTL plant emissions (2.7kg- CO2/litre), tailpipe emissions from CTL fuels would still exceed 

those from petroleum based fuels, and total remaining lifecycle emissions would still be slightly 

higher for CTL (3.0kg- CO2/litre compared with 2.9kg- CO2/litre for petroleum based fuels including 

upstream emissions).   
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 This might be offset by the loss of the small potential for CO2 storage in intact coal beds, but such storage represents 

only a tiny fraction of global estimates of storage availability. For our purposes utilisation of the void and surrounding 
strata could be considered new storage capacity for partial CCS on the coal gasified there. 
103

 Around 42% according to Jaramillo et al (2008), equivalent to 2.4kg-CO2/litre. 
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Similar problems arises in the production of synthetic natural gas for pipeline injection (where again 

around 40-50% of the carbon might remain in the fuel), and for some chemical feedstock uses (urea, 

for instance is primarily CO2 in composition, CO2 which returns to the atmosphere fairly rapidly when 

the product is used). 

In the case of jet fuel the impacts on climate change would be exacerbated by release at altitude. 

Too little is known of the exact formulation of Linc’s UCG-based jet fuel to state whether its impacts 

would be greater or less than conventional fuel. However, unless CCS is applied to the upgrading and 

production processes, the higher carbon intensity of coal means that life-cycle emissions could be 

expected to be significantly higher than for petroleum based jet fuel.  

In power sector uses the position in a dispatch hierarchy may also be significant. The use of UCG as a 

load-following technology is not simple. Once a gasifier is ignited, its syngas generation rate cannot 

be varied widely (Fergusson (2009) optimistically suggests that 25% variation might be possible 

through input controls, and in extremis a process of halting injection and reigniting if necessary 

might be feasible, although gasifier ignition typically takes hours or more to reach peak rates). 

Fergusson sees more difficulties in varying the rates of operation of processing facilities, especially 

steam reforming of methane. Moreover, running systems at below capacity adds to overall costs by 

spreading the capital investment over a smaller production level. Davidson (2009) suggests that 

operating the UCG facilities at full rate and adding a gas store would be more practical and cost 

effective. He suggests storing hydrogen which would involve lower volumes but more costly 

processing and storage.  

With these exceptions the question of how UCG power might fit into a generation mix or dispatch 

hierarchy is scarcely considered in the literature. This issue has raised additional challenges for 

proposed post-combustion CCS developments, given the additional problems a linked CCS system 

creates for rapid start-up of power generation. This might prove another costly hurdle in the 

development of UCG and in particular in any successful linking with CCS, although it may be resolved 

by the addition of temporary storage for upgraded gas and/or CO2 within the system, permitting the 

key steps of syngas processing, syngas combustion and CO2 storage to proceed at appropriate rates 

without exact coordination. 

Conclusions on UCG-CCS technical readiness 

Overall, it should be clear from the preceding discussion that the development of CCS technology for 

UCG is still at an earlier stage than other elements of the UCG system, and in addition the 

integration of CCS into the wider system has yet to be proven in practice.  

In terms of TRL (technology readiness level) CCS on UCG therefore lies between level 3 (proof of 

concept) and 5 (demonstration of components in relevant environment). The elements at level 5 

include those which have been proven commercially in other industrial applications (such as syngas 

upgrading from a surface gasifier).  

The potential advantages outlined above may mean that scaling CCS on UCG from the pilot to 

commercial scale may prove less problematic than for CCS on power stations, but this cannot be 

taken for granted. The economics of CCS on UCG is considered later in section 4.2. 
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Transferability of CCS learning 

One theoretical argument for UCG is that if it proves to be the cheapest coal option in terms of CCS 

application, then by promoting UCG, and CCS on UCG, policy makers can accelerate learning about 

CCS, and thus help overcome obstacles that have hampered adoption of CCS in power and industry 

so far. This is likely to be only partially true in practice.  

CCS capture techniques for UCG are not directly comparable with those needed in most other power 

and industrial applications. They are most like those required for IGCC, but here, as noted earlier, 

arguably the learning on capture in gasification is largely done and there are few additional 

economies of learning to be realised. Scaling up CCS transport and storage techniques for UCG 

projects might bring additional learning economies, but these will be less transferable if CCS storage 

in the UCG cavity can be proven. 

4.1.6 Scalabilty of UCG processes 

Before moving on, it is important to consider the scalability of the UCG processes themselves. It is 

generally argued that the process is basically modular, and thus can be scaled up easily. This applies 

logically to the development of parallel wells and multiple gasification chambers. By the same logic, 

however, there would be limited economies of scale in the underground operations, although the 

gas cleaning and processing operations at the surface have already been demonstrated at large 

scale, and should be subject to economies of scale. 

Some additional logistical challenges are raised by scaling up, for instance in how multiple wells 

should be phased and linked to optimise the supply to a central processing unit and/or power plant; 

and how gas condensates are managed in large volumes. Although no significant additional technical 

problems are foreseen as a result of upscaling, it must be remembered than modern UCG operations 

are not necessarily comparable with the larger scale operations undertaken in the FSU, and new 

challenges might emerge. 

Summary and conclusions 

Broadly the underground processes have been technically proven, but not commercially; the above 

ground processes are well demonstrated, and some commercially deployed, in other contexts; and 

the CCS elements are generally past proof of concept, but not widely technically proven, while 

storage of CO2 in a gasification void is yet to be demonstrated and lacks even proof of concept. All 

three phases are potentially scalable, although the underground elements only in a modular fashion 

which is unlikely to offer significant economies of scale. Nor are significant benefits foreseen for the 

transfer of learning to other CCS applications. 

Alternative underground coal conversion technologies 

Alternative emerging technologies such as microbial conversion of coal105 are outside the scope of 

this review, but could prove disruptive in this sector in the coming decades. 
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 http://www.humaxx.com/pdf/Coal-Eating_Microbes_PR_070809.pdf 

http://www.humaxx.com/pdf/Coal-Eating_Microbes_PR_070809.pdf
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4.2 Assessment of the economics of UCG 

The UCG industry makes dramatic claims for its relative cheapness (often based on Blinderman & 

Friedmann 2006). It is argued that the process would enjoy both lower capital and lower operating 

costs than alternative approaches. 

There are logical reasons why UCG might be cheaper than mining coal, or even than opencasting 

coal, and why power generated from UCG syngas might be cheaper than other means of generating 

power from coal. These include the avoidance of staffed underground operations, and of coal 

washing, coal transport and ash disposal costs. In addition, should CCS be mandated or an emissions 

performance standard met by use of CCS, application of CCS to UCG might be cheaper than post-

combustion capture or IGCC approaches. 

Unfortunately most of the claims made are qualitative, and those which are quantitative are 

typically not supported with adequate background data to stand up to detailed scrutiny or 

validation. Some publish capital costs, some operating costs, some the costs of electricity generated, 

some the costs of the syngas produced, but rarely all four, and almost never with any background 

calculations. Add the complexities of different denominational currencies and different years and it 

should be clear that the figures will rarely be meaningfully comparable. 

This section first summarises and reviews estimates of the costs of UCG, and then turns to estimates 

of the costs of CCS on UCG before drawing conclusions. 

4.2.1 Costs of UCG 

This section (and table 5) summarises and critically reviews some of the estimates of relative costs 

that can be found in the literature. First, estimates of UCG syngas production costs are set out, and 

compared with relevant market gas prices. Figures are converted to US dollars per GJ energy content 

to allow comparison. Then some modelled forecasts of electricity costs based on UCG are presented 

and compared with electricity market prices. Finally UCG costs for liquid fuels production are 

presented and assessed. 

The majority of costs estimates available relate to syngas production costs or electricity generation 

using syngas, with a few estimates available for liquid fuels production. These are the most widely 

touted uses of UCG. Alternative uses such as production of synthetic natural gas for injection into 

gas grids, or production of urea fertilisers will involve additional costs, and depend on the cost-

effective production of syngas. Such uses are not considered further in this section. 

Costs of UCG syngas 

Mostade (2011) presents an estimated cost of syngas of €1.7-3.1 per GJ, based on European trial 

data, and assuming use of CRIP in an 800m deep seam. This equates to roughly US$2.5-4.5/GJ106. 

Quoted in 2012, Julio Friedmann of LLNL suggests a cost of $5.7 per GJ107 for typical underground 

gasification, although it is unclear whether this estimate includes CCS costs. Green (2008) cited 

                                                           
106

 At April 2011 exchange rates 
107

 Quoted as $6 per million BTU (British thermal units) (1m BTU = 1.055GJ) - http://www.bloomberg.com/news/2012-08-
28/coal-greens-love-buoyed-by-shale-gas-hydrualic-fracking.html.  

http://www.bloomberg.com/news/2012-08-28/coal-greens-love-buoyed-by-shale-gas-hydrualic-fracking.html
http://www.bloomberg.com/news/2012-08-28/coal-greens-love-buoyed-by-shale-gas-hydrualic-fracking.html
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figures equivalent to $3.6-4.0 per GJ without CCS and $4.9-5.5 with CCS from an unspecified 

European case study. 

 

Table 5: Estimated production costs of UCG syngas, contrasted with recent and 
forecast market prices for natural gas by region 

 Cost / GJ 
(w/o CCS) 

Cost / GJ 
(w/ CCS) 

Notes Source 

Europe $2.5 - 4.5  800m deep, CRIP Mostade, 2011 

Europe $3.6 - 4.0 $4.9 - 5.5  Green, 2008 

Europe $2.1  Breakeven at 4m thick seam Bond, 2011  

Imported 
natural gas 

$4.0 - 12.6 
 Astarman, 2012, and 

(1) 

 

US $1.5 - 2.4  30-35m thick seams at 300m 
depth, airblown 

Gastech, 2007 

US $4.6 - 7.7  Air-blown School of Public and 
Environmental 
Affairs, Indiana 
University, 2011 

US $5.7   Friedmann, 2012 

Natural gas $1.9 - 4.2  NEB, 2012 

 

Australia $3.5 - 4.6  Upgraded to SNG Carbon Energy, 2012 

Natural gas $3.3 - 4.0 Eastern Australian market Reynolds and 
Richardson (2) Natural gas $7.3 - 12.6 Western Australian market 

 

China $2.4  Air-blown Chen, 2011 

China $2.0  Oxygen-blown Chen, 2011 

Imported gas 
$5.3 

Regulated price, expected to 
rise. 

WSJ (3) 

 

Notes: 
1. http://ycharts.com/indicators/europe_natural_gas_price 
2. http://www.marchmenthill.com/qsi-online/2012-09-17/will-gas-prices-converge-globally- 
3. http://online.wsj.com/article/SB10001424052970204296804577124371423865252.html 

 

 

Bond (2011) cites estimates for Clean Coal Ltd’s Amasra project of $2.1/GJ, and provides a 

breakdown: roughly 50% drilling and piping, 10% other operational expenditure, 30% capital 

depreciation, and 10% royalties109. This is unlikely to include even partial CCS, which is described in 

the model as ‘optional removal of CO2 and H2S’ (ie selexol or equivalent). Bond suggests the key 

commercial sensitivity is to seam thickness, with her modelling indicating a breakeven (at these 

                                                           
109

 The royalty figure given is $0.2/GJ. Royalties vary from country to country, and regimes will inevitably vary in how they 
apply coal royalties. However for comparison, Queensland charges 7% for coal sold at up to $100 per tonne (roughly the 
average price in mid 2012) this equates to over $0.4/GJ assuming 80% energy recovery and an energy content for sub-
bituminous coal of around 20GJ/tonne. 

http://ycharts.com/indicators/europe_natural_gas_price
http://www.marchmenthill.com/qsi-online/2012-09-17/will-gas-prices-converge-globally-
http://online.wsj.com/article/SB10001424052970204296804577124371423865252.html
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costs, and selling prices assumed to be 80% of those for natural gas) at a seam depth of around 4m 

(shallower seams would not repay the costs). She notes the key cost is the drilling and associated 

costs of setting up a ‘module’ – one injection well, and one production well, with a CRIP channel 

between them: each module would cost $2-4 million (dependent, presumably, primarily on the 

depth underground). 

GasTech (2007) estimated production costs for their subsequently aborted Powder River Basin 

project in Wyoming at US$1.5 to 2.4 per GJ of syngas.  These costs were for air-blown linked wells at 

300m depth and 200m spacing in a 30-35m thick coal seam (GasTech 2007). Oxygen blown costs 

were estimated at $2.4-3.3 per GJ. Sensitivity to depth and seam thickness were both considered. At 

shallower depths, difficulties in maintaining negative hydrostatic pressure mean that GasTech 

considered 300m to be about optimum. Deeper wells would raise costs by roughly 3% for each 

additional 100 metres in a basically linear relationship. Thinner seams would also raise costs, but 

along an asymptotic curve, with a 25m seam around 2% more costly than 35m, and a 15m seam 7% 

more costly. GasTech did not model shallower seams. Furthermore, GasTech’s royalty assumption 

was just $0.05/GJ (one quarter of Bond’s 2011 figure). It should also be noted that globally 

engineering costs have escalated fairly rapidly in the five years since this study. As a result it can be 

considered that today in all locations, costs would be higher than GasTech’s estimates, and in most 

locations, significantly so. 

In China however lower costs might be expected. Based on results of ENN’s large scale pilot UCG 

project at Ulanchap, Inner Mongolia (over 2 years of gasification, almost 2 years of power 

generation), syngas costs of 0.061-0.111 RMB /Nm3 (0.9 to 1.7 USD cents per cubic meter of syngas) 

have been reported (Chen, 2011). This translates into around US$2.4 per GJ for air-blown syngas at a 

reported higher heating value (HHV) of 900Kcal/m3 or $2.0 per GJ at the HHV reported for oxygen 

blown syngas (2000Kcal/m3)110.  

More recently Carbon Energy has reported estimated synthetic gas production costs (ie costs of 

production, cleaning and upgrading to gas grid standards) of Aus$3.5 - 4.5/GJ111, compared with 

forecasts for natural gas costs in 2015 of Aus$6.5-10.0112 (US$6.6 -10.2). 

Chen also compares the costs of UCG with surface gasification and IGCC, reporting a 43% reduction 

in syngas production costs, translating into a 27% reduction in power generation costs compared 

with IGCC. This implies costs at best similar to, and probably typically higher than, conventional 

pulverised coal combustion (PCC) power generation in China. Chen does not report whether CCS 

costs have been included, or indeed whether CCS is even proposed113.  

It might be expected that all the costs estimated and reported in China are lower than in OECD 

countries. And it should be noted that in comparison with Chen’s imputed costs for surface 

                                                           
110

 These values for energy content are on the low end compared with reported values from other recent trials – here air-
blown is just 3.8MJ/m

3
, compared to typical values of 4-6MJ/m

3
 and oxygen-blown 8.4MJ/m

3
 compared with typical values 

12-14 MJ/m
3
 (Couch, 2009) 

111
 http://www.carbonenergy.com.au/IRM/Company/ShowPage.aspx/PDFs/1561-83497961/LowCostSourceofNaturalGas 

112
 These claims are remarkable, as IEA estimates reported below suggest a cost of US$7/GJ purely for upgrading gasifier 

syngas to pipeline quality synthetic natural gas (SNG). 
113

 Other coverage of the pilot indicates that CCS is not included, but CO2 emissions are estimated to be around 20% lower 
than PCC emissions, mainly through avoided methane emissions from coal mining, according to Sevket Durucan of Imperial 
College (http://www.technologyreview.com/news/424613/exploiting-chinas-coal-while-its-still/). 

http://www.carbonenergy.com.au/IRM/Company/ShowPage.aspx/PDFs/1561-83497961/LowCostSourceofNaturalGas
http://www.technologyreview.com/news/424613/exploiting-chinas-coal-while-its-still/
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gasification (US$1.75 - 6.0), IEA ESTAP (2010) estimates for the costs of surface gasification are 3-10 

times higher at around $17.5/GJ without CCS.  

And in the USA  the School of Public and Environmental Affairs of Indiana University (2011) 

estimated significantly higher production costs for air-fired syngas at US$4.6 to 7.7 per GJ. They 

further calculated electricity generation costs without the addition of CCS at 5.2-8.6₵/kWh, with only 

the lower end of this range (based on seams 5 metres thick) undercutting average Indiana electricity 

costs (5.6₵/kWh)114. In contrast, Kempka et al 2009 calculate electricity costs for a UCG-Combined 

Cycle power plant of just €30/MWh without CCS, based conservatively on very deep, thin seams, but 

with overly optimistic assumptions about the energy content of the syngas (12.5MJ/m3 – based on a 

1981 reference). Chen (2011) reports a range in the order of 4-8MJ/m3, and other pilot projects have 

reported similar values. Adjusting for this would significantly increase Kempka et al’s estimate115,116.  

Taken together, these estimates give a range of $1.5-7.7 per GJ for syngas117. At the upper end of the 

syngas cost range a significant degree of upgrading is typically included in the estimates, while at the 

lower end syngas quality is not at all comparable with natural gas. Not all of the lowest figures come 

from China, but the figures from OECD nations are typically at the higher end of this range.  

A central estimate for likely syngas production costs in a rich country is therefore considered to be in 

the order of $4.5-5.5 per GJ. In the US natural gas is now available at $2-2.5 per GJ as a result of high 

shale gas availability, although, as noted earlier, this price level seems unlikely to be sustained. Even 

so, given the additional uncertainties involved in UCG development, this suggests UCG is very 

unlikely to be directly competitive in North America. Elsewhere it might be locally competitive, but 

other constraints must be considered also.   

In Australia, gas costs are higher, at US$3.3-4.0 in the East, and US$7.4-12.6.in the geographically 

separate Western Australian market, but UCG would only be locally competitive at the level of $4.5-

5.5 per GJ. In Europe UCG might be competitive if this order of cost can be demonstrated at 

commercial scale, but could be expected to face higher costs and regulation than in the US and 

Australia118.   

European gas prices have also shown considerable volatility over recent years (Altarman, 2012) and 

this implies a significant additional risk for UCG development. It should also be noted that at current 

high European gas prices, use of coal for power generation in conventional combustion processes 

has grown. However this most likely results from the availability of underutilised capacity, rather 

than indicating a solid economic case for investment in new coal capacity (whether conventional or 

UCG). 
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 They also note that deep seams in Indiana do not exceed 3.5 metres in depth, and thus that UCG would not be 

competitive there in current circumstances. 
115

 Kempka et al also estimate an emissions intensity of around 0.614t/MWh, but this too would be sensitive to a lower 
energy value in the syngas. 
116

 ‘Rule of thumb’ estimates given by various interviewees suggest that break-even seam thicknesses at present would lie 
between 2 and 5 metres at up to 1000 metres depth. 
117

 It is generally unclear what level of costs have been included in these figures for dealing with contaminated gasification 

condensate. Noting recent concerns arising at the Majuba trial (Abboo, 2012), this may imply a significant extra cost. 
118

 And as indigenous gas reserves within Europe are further depleted, the costs of gas in Europe may rise further as a 
result of compression, pumping or transport costs relating to gas imports.   

http://www.google.nl/url?sa=t&source=web&cd=1&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.indiana.edu%2F~cree%2Fpdf%2FViability%2520of%2520Underground%2520Coal%2520Gasification%2520Report.pdf&rct=j&q=Viability%20of%20Underground%20Coal%20Gasification%20with.%20Carbon%20Capture%20and%20Storage%20in&ei=hYkxTt2xNojqOZrm8N8L&usg=AFQjCNE5Tanyq5sdeWmh-RfkPHVm87TD-A&sig2=mUwF6E4gEqALtqjhTFY_uA&cad=rja
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In comparing UCG production costs and market gas prices, we also need to take account of 

transport, storage and distribution costs (which are typically included in market prices, but not in 

production costs estimates. Although in European and some Asian markets UCG might be expected 

to incur lower transport costs (given current dependencies on imports), the transport costs will not 

fall to zero, and storage and distribution costs will still be incurred, so a full comparison would 

reduce any forecast advantage for UCG at large volumes119. 

In developing countries costs for both UCG and its competitors may be lower, leaving UCG relatively 

uncompetitive for syngas or power production, and the requirements for imported technology and 

expertise for UCG may act to reduce its competitiveness further (see Indian example below). 

Costs of UCG-based electricity 

Here (and in Table 6 below) some estimates for the costs of electricity generation using UCG are 

outlined and discussed. 

In India NTPC (2006) present estimates for a 100MW ‘pithead’ IGCC or UCG-IGCC plant, suggesting a 

25% capital cost saving on the above ground plant, but cite fuel costs for UCG which are more than 

three times greater than the pithead price of coal, leading to net generation costs 35-40% higher for 

UCG. This reflects several factors including cautious assumptions about coal seam depth, low costs 

of conventional Indian coal production, and implicitly, the high costs of imported drilling expertise 

and equipment.   

Such estimates contrast sharply with Blinderman and Friedmann (2006), who claim that Canadian 

capital costs of UCG would be less than 40% of those for IGCC, and almost 50% less than pulverised 

coal combustion (PCC). They estimate costs of electricity generated using UCG at just 25% of the 

costs of IGCC and 36% of the costs of PCC generation. 

To obtain an alternative estimate of the costs of UCG power which does not rely on the claims of 

developers, estimates can be made by adjusting figures for IGCC. UCG advocates suggest that 

reductions can be achieved because the surface gasifier(s) are not needed, and the syngas clean-up 

plant can be smaller. On the other hand, costs (both capital and operating) are incurred in the 

development of the UCG field.  

Based on Hartwell et al (2009) the breakdown of costs of electricity production using an IGCC would 

be roughly 40% capital (including loan charges) and 45% fuel, with the residual being operating costs 

(around 7% of the total are fixed costs incurred even when the plant is not generating). Klara and 

Wimer (2007) examining a smaller plant configuration, find a higher per kWh capital cost, 

proportionate to over 60%. In their study this is offset by a lower fuel cost, producing a similar figure 

for overall cost of generation (10.5₵/kWh, compared to Hartwell’s 10.3₵/kWh). Klara and Wimer 

also cite costs for IGCC without CCS, at 7.5-8.0 ₵/kWh. 

If we simply assume that the capital costs are reduced by the whole amount of the gasifier costs, and 

the fuel costs reduced by 50%, the overall cost of generation in a UCG linked system falls to between 

7.4 and 8.5₵/kWh. This includes estimated costs for those elements of CCS included in the base 
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 At small volumes UCG gas is likely to be co-fired in existing local power stations and thus incur only limited storage and 
distribution costs. 
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estimates120. The potential differences in CCS costs on UCG are discussed below, but for our 

purposes here, the costs of CCS on IGCC are a fair proxy. The benefits of potentially higher pressure 

syngas are not expected to outweigh the potential disadvantages of a gas mix with higher methane 

content. Without CCS the estimated costs fall to 5.5-6.1 ₵/kWh in 2007/2009 costs. 

However, all of these figures for IGCC might be considered optimistic in the light of recent increases 

in estimated costs recorded by Watson et al (2012). Watson et al report that the median estimate of 

IGCC costs on coal almost doubled between 2009 and 2011. Applying that factor to the costs derived 

by adjusting Hartwell or Klara and Wimer’s estimates would give figures for UCG-CCS power of 14.3-

16.4₵/kWh, and for UGC-IGCC without CCS of 10.6-11.9₵/kWh121.  

Powers (2010) reviews Laurus’ Alaska UCG proposal and suggests a likely cost of electricity from the 

proposed UCG-CCGT system of 4.6₵/kWh without CCS, and 9.0-11.7₵/kWh including 90% CCS122. For 

contrast he cites IGCC costs at 8.6₵/kWh.  

These estimates reinforce the view that in competitive power markets, UCG is unlikely to provide 

the lowest cost power in current circumstances. Even where it could outcompete IGCC, more 

conventional approaches to power generation, using gas or coal, would appear to remain cheaper in 

most cases. Where power generation is scarce, particularly in emerging economies, or fuel security 

poor (for instance in Eastern Europe) there may still be convincing arguments for UCG development, 

but cost is not consistently one of them. Should CCS be required or strongly incentivised, UCG 

systems may offer a cost advantage, and this is explored further below.  

A full consideration of the economics of electricity generation from UCG would require a clear 

understanding of the consistency of supply and the position that UCG might take in the relevant 

energy system’s dispatch hierarchy. It cannot simply be assumed that there will be a market for UCG 

electricity whenever it is generated, nor that the prices will be constant. As noted previously, there is 

very little consideration of this issue in the literature. 

Given the difficulties of modelling generation mix over time for existing electricity systems, it is not 

possible to offer more than initial reflections here. However, it can be suggested that the relative 

inflexibility of underground gasification processes mean that operators would prefer the product to 

be used in baseload power generation. The option of co-firing in an existing base-load coal plant (as 

practiced at Majuba) offers the greatest flexibility for the UCG operators, as (within fairly wide 

boundaries) the power generation plant can burn as much or as little syngas as the UCG facility 

produces, with no need for interim storage. A dedicated syngas-fired plant, operating as load-

following (or even mid-merit) with variable load and operation (obtaining higher average returns on 

electricity sold) – such as proposed by Wildhorse in Hungary - would be much more technically 

challenging and costly to operate.  

This adds weight to the prediction that the near future development of UCG might prove easier in 

countries with electricity scarcity, where any new plant would operate closer to baseload, than in 

developed markets, where there is declining demand for baseload especially with growing 
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 The figures cited so far include CCS capture and compression costs.  
121

 Even if we assume an increase of costs by a factor 1.5, rather than 1.9, the estimate of UCG-IGCC costs without CCS is 
8.2-9.2₵/kWh, well above current generation costs and forecast new gas-fired generation costs, and not far below new 
coal-fired  generation cost forecasts (see Table 6).   
122

 And taking into account higher construction costs in Alaska in the latter range. 
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renewable penetration. However, in such emerging markets, UCG will have to compete with 

relatively cheap conventional coal power (as illustrated by the estimates presented above for India). 

Overall this analysis suggests that any near-term substantial cost advantage for UCG generated 

electricity over conventional gas or coal-fired generation is likely to be at best restricted to specific 

markets or circumstances, although rising natural gas costs might well broaden the market 

opportunities for UCG. In the near future UCG for co-firing in existing or new coal-fired power 

stations in emerging markets seems the most likely market opportunity, one incidentally, with only 

limited scope to obtain carbon benefits through linking of CCS. 

Liquid fuels costs 

The situation may be different for liquid fuels, where in recent years, oil prices have risen, but also 

shown significant volatility.  There are several estimates of costs for coal to liquids UCG in the 

industry and literature.  

Linc claim costs as low as US$25-28 per barrel 123(well below the costs of petroleum derived fuels). 

This can be contrasted with Mantripragada and Rubin’s (2009) central estimate for CTL from above-

ground gasification of $77/barrel. They attribute 60% of the cost to syngas production, so if UCG 

halved the gasification costs, the CTL fuel would still cost $54/barrel on this basis. Sasol, however, 

are estimated to produce CTL fuels at around $45/barrel using surface gasification124. Using the same 

ratios, UCG-CTL in South Africa could therefore cost around $32/barrel. In 2007 NETL (cited by 

McDonald, 2011) estimated that UCG could cut capital costs by 30% and operating costs by 50%, 

reducing the costs of CTL fuel from $43 per barrel (with surface gasification) to $27 per barrel. 

Applying the reduction factor from the NETL study to Mantripragada and Rubin’s central figure 

would suggest costs in the order of $48 per barrel. 

In this application it therefore appears that UCG has a cost advantage. However continued volatility 

of oil prices could significantly reduce the confidence of potential investors in UCG liquid fuels. 

Reflections on costs 

On the basis of this brief review it is hard to conclude that the low costs cited by UCG boosters are 

particularly credible. It would appear that estimates both for UCG syngas costs and overall electricity 

generation costs have been negatively affected by promoter bias. Clearly more detailed analysis and 

independent validation of the figures would be desirable to establish the circumstances or locations 

in which there might be a reliable cost advantage.  

Nonetheless it remains plausible that UCG CTL may offer a cost advantage over petroleum based 

fuels, as well as a security advantage, and that in the future UCG might obtain a cost advantage over 

conventional coal or gas production for power. The latter is more plausible if CCS is required, or if 

demand continues to rise, and the cheapest sources of coal and gas production are squeezed by 

tighter environmental regulations, higher labour costs and exhaustion of shallow reserves. 

In current circumstances, if UCG – as seems likely in many locations - has no (or only a small) cost 

advantage over conventional extraction and use of coal or gas, then there is a serious consequence 
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 http://www.lincenergy.com/data/asxpdf/asx-69.pdf 
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http://www.mediaclubsouthafrica.com/index.php?option=com_content&view=article&catid=38:innovation_bg&id=123:
liquid-fuel-from-coal 

http://www.lincenergy.com/data/asxpdf/asx-69.pdf
http://www.mediaclubsouthafrica.com/index.php?option=com_content&view=article&catid=38:innovation_bg&id=123:liquid-fuel-from-coal
http://www.mediaclubsouthafrica.com/index.php?option=com_content&view=article&catid=38:innovation_bg&id=123:liquid-fuel-from-coal
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for the case made by the industry for the application of CCS. The UCG Association (UCGA) and others 

argue that UCG can be competitive even with the additional costs of CCS125, and that costs of CCS 

should be absorbed by the industry so as to help build a reputational advantage (and a first mover 

advantage learning and developing the techniques in advance of CCS requirements).  

But if UCG can only be competitive (or close to it) now without CCS, then developers are unlikely to 

voluntarily include CCS. The evidence from the pilot developments backs up this analysis, with CCS 

only actively proposed in the one case where there is a clear market for sale of CO2 into EOR, and 

government subsidy available (in Alberta). 

The next section turns to analysis of the relative costs of CCS on UCG and conventional approaches. 

This will help with assessment of the prospects for UCG if governments do begin to require or 

strongly incentivise CCS or apply emissions performance standards that rule out unabated use of 

coal. 

4.2.2 Costs of CCS on UCG 

Several commentators argue that if CCS is incentivised or required UCG will obtain a relative cost 

advantage over gas or conventional coal, and thus should be preferred for new power system 

investments. David Camp and Julio Friedmann of LLNL have argued this in strong terms (pers comm). 

However at present the higher technology risk means that financing UCG is difficult, and currently, 

financing CCS on UCG is typically impossible (Haszeldine, pers comm).  

Here, the claim that UCG with CCS is cheaper than alternatives is examined. There is even less data 

available for the costs of CCS on UCG than for UCG itself, but some attempts have been made to 

estimate the costs of UCG generated power with CCS. These are outlined below and in table 6. 

In an independent evaluation of the Laurus proposal in Alaska, based on an analysis which contrasts 

UCG with IGCC, Powers (2010) estimates “the cost of [90%] carbon capture and compression for air-

blown UCG is approximately $40/MWh [or approximately $25/ton CO2]. A CO2 pipeline up to 25 miles 

in length and CO2 injection well(s) would add another $4/MWh.” He concludes that with these 

additional costs the resulting power (at $90/MWh) would be similar in cost to a natural gas power 

station (a much more proven technology) operating at gas costs of $9-12/MMBtu. However Powers’ 

figures include a very high implicit emissions performance level for unabated UCG of around 1300g- 

CO2/kWh. This may not be realistic for the scheme or typical of UCG in general, even with the 

potentially low efficiency of raw syngas. A figure in the order of 700-900g- CO2/kWh is here 

considered more ‘normal’– of a similar order to unabated coal combustion126 and a value of 700g- 

CO2/kWh is used in the scenarios set out in section 5.  

Estimates from the industry and associated research institutions are typically much lower. From the 

UCG Partnership, Fergusson (2009) estimates that bulk UCG power with 90% CCS could be delivered 

in the UK for £47/MWh ($78), which he contrasts with estimates for CCS retrofit coal or gas of 

around £70/MWh ($115). However the underlying assumptions are not provided. Lauder (2011) 
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 http://www.ucgassociation.org/index.php?option=com_content&view=article&id=72&Itemid=221 
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 Figures have been estimated for UCG based power generation using combined-cycle turbines in the order of 614g/kWh 
(Kempka et al 2009) to 708g/kWh based on use of raw air-blown syngas (cited by Walker 2007). The original sources cited 
by Walker are not available and it is not clear whether this is a complete life-cycle figure. 

http://www.ucgassociation.org/index.php?option=com_content&view=article&id=72&Itemid=221
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presents UCGA 2010 estimates for bulk power with CCS of £66/MWh ($106) for UCG and £105-115 

($168-184) for retrofit coal or gas (the latter figures attributed to a DECC study by Mott McDonald). 

Kempka et al (2009) estimated that power with 50% CCS could be produced from UCG for €35/MWh 

($48.6/MWh), and at a maximum 86% rate for €40/MWh ($55.5/MWh), an increment of €5 and 

€10/MWh over their UCG without CCS costs estimate. These figures are dramatically lower than 

Powers’ given above, partly reflecting the optimistic assumptions Kempka et al employ for syngas 

energy content, and partly due to fairly optimistic figures for the incremental cost of CCS (equivalent 

to around €16/tonne for 86% capture)127.  

While these industry figures appear to show a significant cost advantage for UCG in power 

generation with CCS, they utilise the same underlying data for syngas production which was found to 

be questionable above, and as will be shown below, appear to exaggerate the advantages of UGC in 

the CCS process. While there remain sound theoretical reasons to expect an advantage, until that is 

demonstrated in practice, it remains only potential. 

Table 6: Comparative costs estimates for electricity generation from UCG 

Location UCG electricity 
cost (w/o CCS) 

UCG electricity 
cost (w/ CCS) 

Notes Source 

US - Alaska 4.6 ₵/kWh 9.0-11.7 ₵/kWh 90% CCS Powers, 2010 

US  7.4-16.4 ₵/kWh Includes capture 
but not transport 
and storage costs 

This study (see main 
text). 

US - Indiana  5.2 - 8.6 ₵/kWh   School of Public and 
Environmental 
Affairs, Indiana 
University, 2011 

Europe 4.2 ₵/kWh 5.6 ₵/kWh 86% CCS, very 
optimistic 
assumptions 

Kempka, 2009 

Europe  7.8 ₵/kWh 90% CCS Fergusson, 2009 

Europe  10.6 ₵/kWh Unspecified, 
presumably 90% 

Lauder, 2011 

 

Comparative costs for conventional coal and gas generation 

US – new coal 9.8-11.1 ₵/kWh 13.9 ₵/kWh  US EIA (1) 

US – new gas 6.3-6.6 ₵/kWh 9.0 ₵/kWh  US EIA (1) 

‘Conventional’ 
coal with CCS  

 8.9 – 26.3 
₵/kWh 

Up to 90% GCCSI, 2011; and 
Watson et al 2012 

‘Conventional’ 
gas with CCS  

 10.7 – 18.2 
₵/kWh 

Up to 90% GCCSI, 2011 and 
Watson et al 2012 

1) US official forecasts for new plant from 
http://www.eia.gov/forecasts/aeo/electricity_generation.cfm 
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 Kempka (pers comm) notes that “these were first economic modelling results using a rather simple model (considering 
cumulative costs for syngas processing and CCS only - which were apparently not scalable to the operations taken into 
account)”. 

http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
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Alternative figures can be produced using above ground gasification as an analogy on which to base 

costs estimates. Here the methods are compared in terms of cost per tonne of CO2 emission 

avoided. For reference, the Global CCS Institute (GCCSI, 2011) estimates the range of costs for CCS 

on coal as $23-92/tonne CO2. 

The procedures for carbon separation are similar. An estimate for partial CCS can be obtained by 

comparison to the costs of upgrading raw syngas to pipeline quality synthetic natural gas (using a 

water gas shift reactor and a methanation reactor). IEA ESTAP estimates this adds a total cost in the 

order of $7/GJ (approx. 40% increase on production costs of $15.6/GJ to $19.3/GJ). The upgrading 

requires a 25% increase on capital costs128 and reduces overall efficiency by 14% points to 60% (IEA-

ESTAP 2010). This equates to roughly $17.5-35 per tonne CO2
129 excluding compression and 

transport which could add a further $20-40 per tonne CO2, placing overall costs in the middle of the 

range suggested by GCCSI (2011).  

$7/GJ also implies a significant increase on the claimed costs of UCG as outlined above: at minimum 

almost doubling the production costs cited above, and at maximum more than quadrupling them, 

although the upgraded product should also be more valuable, offsetting the costs to some degree. 

This reinforces the view that even partial CCS may be seen as an unaffordable luxury by UCG 

developers, at least in the absence of local EOR markets which might value CO2 at up to $50/tonne, 

or carbon market values in the order of $30-50130. Where EOR markets exist they are likely to reduce 

or eliminate any climate benefit from CCS on UCG, while current carbon markets exhibit much lower 

market values. Breakeven carbon values of $30-50 per tonne CO2 also exceed the values applied in 

appraisal by the UK Government131 until the mid-2020s. This suggests that developers of UCG would 

exhibit the same reluctance to add CCS as other fossil fuel power developers, and policy makers 

might consider similar policy instruments (‘CCS readiness’ requirements, partial CCS demonstration 

requirements, or escalating emissions performance standards).  

Another approach to estimate the possible costs of full CCS could be to consider the costs of CCS on 

IGCC as a basis. Klara and Wimer (2007) calculate the costs of CCS on IGCC at $32-42 per tonne CO2 

based on a range of gasifier models. The gasified coal was treated with multiple stage Sour Gas Shift 

(SGS) (water shift) and the Selexol process to achieve around 90% CO2 capture. For one of the 

gasifiers considered, high methane levels meant the 90% target could not be achieved even with 

three iterations of SGS (Klara and Wimer, 2007). The IEA (2006) cites similar figures for IGCC CCS of 

$39/tonne CO2 in 2010 falling to $26 by 2020.  

These costs cannot be discounted significantly for UCG-CCS estimates. UCG syngas may be more 

compressed than that from a surface gasifier allowing for some saving on compression costs (but 

only if produced at great depth). It also typically contains more methane (20% rather than zero 
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 Because this percentage figure refers to an above ground gasifier, for UCG the proportionate increase could be 
expected to be significantly greater. 
129

 IEA ESTAP cite CO2 emissions of 78kg/GJ for the production of SNG (equivalent to around 280g/kWh). However the CO2 
content of UCG syngas is typically much higher (3.2x higher on average according to Seddon and Clarke 2011), so more CO2 
would be captured for the same costs (this assumes any reduction in costs because of higher CO2 concentrations are offset 
by increases for high volumes).  Assuming capture of approx. 200kg/GJ (equivalent to 720gCO2/kWh) costs of capture of 
CO2 are $35/tonne. If we assume the methanation reactor accounts for half the total cost then the partial carbon dioxide 
capture cost may be only $17.5/tonne). 
130

 Rough estimates of break-even carbon prices given by various interviewees fall into this range. 
131

 http://www.decc.gov.uk/assets/decc/11/cutting-emissions/carbon-valuation/6667-update-short-term-traded-carbon-
values-for-uk-publ.pdf 
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(Seddon and Clarke, 2011)), and thus might require additional treatment to achieve 90% CO2 capture 

rates.  

Overall 90% CCS rates cannot be achieved on coal to liquids (CTL) plants. However, partial CCS, using 

two iterations of the Selexol process to achieve 35-40% capture across the lifecycle of a CTL process 

is estimated by Mantripragada and Rubin (2009), to be achievable for just $7-8 per barrel and 

breakeven at a carbon dioxide price of just $12/tonne. However, while potentially competitive in 

economic terms, deployment of UCG with partial CCS to produced liquid fuels would offer no climate 

benefit over petroleum based fuels. 

There may also be potential savings for UCG-CCS at the storage end of the CCS chain. However, 

compression and storage costs are relatively small (at most one third of the total) compared with 

capture costs in conventional CCS, and any saving there is likely to remain marginal compared with 

the overall CCS system cost. 

All this suggests that the notional cost savings for CCS on UCG although theoretically soundly based, 

are in practice unlikely to prove as large as their advocates suggest, even at a partial capture rate. 

And the uncertainties involved will deter investment. Further it implies that potential cost savings 

from UCG in a CCS-required scenario might arise primarily through lower fuel costs (where those 

materialise), rather than through savings inherent in the CCS processes. Most importantly there 

would be little cost incentive for voluntary adoption of CCS in UCG processes, and as long as the 

alternative fuel source for power generation remains relatively cheap (eg opencast coal in some 

countries, or shale gas in others), then UCG with CCS is unlikely to be a cost effective alternative. 

In recent years (as documented by Watson et al 2012) estimates of the costs of CCS (conventional 

post combustion, IGCC and oxyfuel approaches) on power generation have grown, and the range of 

uncertainty has increased. There is not enough data to assess whether UCG-CCS estimates have 

followed this trend. Insofar as the trend is a product of rising input and engineering costs, UCG will 

not be immune. Nonetheless the most likely effect of this trend is that any foreseeable cost 

advantage of UCG-CCS over post-combustion CCS may have increased marginally. As noted above, 

applying the factor of increase reported by Watson et al to estimates derived by adjusting IGCC costs 

would give a cost range for UCG-CCS power of 14.3-16.4₵/kWh, contrasting with an overall reported 

range of around 11.5-25.4₵/kWh for CCS generally (Watson et al 2012). 

In conclusion, CCS on UCG may prove cheaper than CCS on other fossil fired power generation 

processes (given current CCS technology options)132. However the extent of that advantage is 

unclear, and on balance would not seem to be great enough to justify investment in and potential 

lock-in of UCG exploitation of coal prior to the development of effective policy to mandate full CCS. 

4.2.3 Conclusions  

In the near future it seems unlikely that electricity generation from UCG will be cheaper than 

conventional coal combustion. Even in scenarios where CCS becomes mandatory or equivalent 
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 This is not the place to explore the potential for different carbon capture technologies for CCS. However it must be 
noted that methods based on different chemistries are being explored both in the context of CCS for fossil fuel 
combustion, and of negative emissions technologies for direct air capture of CO2. A breakthrough innovation in either 
context would not necessarily also translate into a reduction in costs of CCS on UCG. 
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emissions limits are established, UCG might not enjoy a cost advantage over pulverised coal 

combustion with post-combustion capture, while its advantage over IGCC may not be large enough 

to outweigh the uncertainties that currently remain with respect to the technology.  On the other 

hand, coal-to liquid fuels may well prove highly competitive with petroleum based fuels if oil prices 

remain predictably high. 

It is therefore unsurprising that the most aggressive promotion of the technology is being pursued in 

territories where the there is an absolute shortage of generation capacity, or where energy security 

(in terms of either power, or liquid fuel) is a primary strategic driver. 

4.3 Overview of existing and likely future regulatory approaches to UCG 

This section briefly reviews regulatory issues raised by UCG, with the aim of identifying possible 

regulatory scenarios and constraints on development. Looking ahead, the nature and stringency of 

the regulatory framework is likely to affect both the overall scale and viability of UCG operations.  

Lack of clarity of regulatory frameworks is one of the major issues raised by industry commentators 

as a current obstacle to the development of UCG. The slow progress of many current proposals for 

UCG development may in part reflect the lack of developed regulatory regimes in many countries. 

The UCGA has actively engaged with regulators in the UK, New Zealand and Canada in efforts to 

ensure clear regulation.  

For both developers and investors uncertainties regarding the nature and timing of regulatory 

hurdles can be a major disincentive. The uncertainties can begin even at the preliminary survey 

stage with uncertainty over what regulatory regime might apply, and thus uncertainty over what 

survey processes and data will be expected.  

Regulatory development and capacity may also partly explain why UCG projects are currently being 

proposed in less than 20 different countries, and why there are multiple proposals in just 11. 

Several issues have been raised by past and present trials and these are briefly outlined below. 

The licensing regime 

Because UCG exploits coal but extracts syngas, in many countries it has been unclear whether the 

process is covered by the ‘minerals’ or ‘oil and gas’ procedures for licensing. Even where it is clear 

which regime is applied, there can be further lack of clarity over how different interests in the same 

resource will be resolved. The most obvious conflicts are between UCG and CBM, but there might 

also be conflicts with conventional mining as the definition of economically stranded reserves is 

fluid. It has been suggested that one of the reasons for the current hiatus in development in 

Australia is because companies with interests in CBM have been more politically influential, so 

regulators have not moved forward swiftly to clarify policy for UCG. On the other hand, in India the 

government issued a ruling to separate mining estates from UCG and coal-bed methane operations 

as early as 2007 (Friedman 2009), but so far this does not appear to have successfully stimulated any 

projects. According to Lauder (pers comm) the Indian authorities subsequently initiated then 

suspended a tendering process, leading to loss of confidence by participating companies. 
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Subsidence 

Subsidence has been a common feature of UCG developments, although the deeper the operations, 

typically the less severe (although more widespread) the surface subsidence (Burton et al 2006). This 

is a principal issue in public acceptability and a major reason why UCG is unlikely to be licensed 

under population centres, at least in wealthy countries. In regulatory terms, subsidence will limit the 

areas licensed for UCG and influence the planning and monitoring requirements placed on the 

development (see Annex 5 for more details on site selection criteria). It will complicate the 

requirements further if CCS is proposed either in the cavity, or in any proximate saline aquifer which 

might be affected by the UCG operation. With modern seismic survey and modelling prediction of 

subsidence is more accurate, but there are inherent uncertainties in the dynamic underground 

systems. 

Groundwater contamination 

Groundwater protection has been a critical issue in past UCG proposals. Experience with 

contamination in the US trials of the 1980s was a significant factor in discouraging further 

development (alongside changing economics). In Australia the Queensland regulators have taken a 

strongly precautionary approach to groundwater protection (partly reflecting the state’s high 

dependence on groundwater for agriculture and drinking water). They insisted on intensive 

monitoring, and of three licensed UCG trials one was shut down and another temporarily suspended 

when leakage of contaminants was suspected.  

The industry claims that with modern techniques (operating the gasifier at negative hydrostatic 

pressure, and decommissioning by flooding and pumping out) groundwater contamination is highly 

unlikely (Burton et al 2006). However, the recent Eskom trial has experienced a minor incident from 

a well casing failure, and a precautionary approach by regulators can be expected to persist (at least 

in wealthy countries) until there is substantial experience of pollution-free operation. This is likely to 

mean clear separation of UCG from existing and even potential potable aquifers, a preference for 

deep (or under-sea) UCG where aquifers are normally saline, and strict monitoring regimes (see 

Annex 5 for more details on site selection criteria). 

Water use and management 

Early UCG trials typically consumed surface water to produce steam for gasification. Contemporary, 

deeper operations utilise the normally saline groundwater intruding into the coal seam, and can be 

net producers of water. UCG is unlikely therefore to be constrained by water scarcity, even in the 

face of climate change. However any water recovered from the product flows would be 

contaminated and require treatment before return to the environment. This has proved a serious 

issue in the Eskom pilot at Majuba (see below).   

Gross and van der Riet (2011) note also that the quality of in-seam water is significant, as this water 

comes to the surface with the syngas, and the presence of chlorides, for example, can cause 

corrosion in the wells and plant. 
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Treatment and management of syngas condensate 

The Majuba project has highlighted potential challenges in dealing with condensate (Abboo 2012). 

At the small volumes produced in pilot projects, condensate may be allowed to accumulate in an 

open holding pool or dam. But the volumes at commercial scale would be much larger (40-75g of 

water per nm3 of syngas in normal operation with higher rates at ramp-up and shutdown)133. In the 

Majuba trial ten per cent of the volume of condensate is a mix of contaminants including benzene, 

toluene, ethyl benzene, and xylenes (BTEX), phenols, coal ash and tars, aromatic hydrocarbons and 

sulphides, ammonia , boron, cyanide, carbon monoxide and hydrogen sulphide. The Majuba 

condensate dam has a free oil film on the surface, and contains emulsified oil droplets and oil 

sludge.  

Heating and mechanical separation methods having proved ineffective, Eskom is laboratory testing: 

distillation, activated carbon filtering (with reasonable initial results), solvent extraction with methyl 

isobutyl ketone and electro coagulation. Abboo (2012) concludes that the challenges in designing 

condensate treatment for a commercial scale plant based only on pilot scale experience constitute a 

major commercial risk. In Solid Energy’s Huntly pilot, syngas and hydrocarbon contaminants are 

incinerated, so condensate management has not yet been considered. At Chinchilla, Linc modified 

their condensate management approaches when commissioning gasifier 4, but have not disclosed 

the approaches used134. It is not clear whether the challenges raise by Eskom are common to all UCG 

operations135. But they can be considered to be a likely concern especially in developing countries, 

and particularly in water scarce locations. 

Gas leakage and underground fire or explosion 

Early operations in the FSU were marked by relatively high rates of gas leakage out of the cavity into 

other strata, and even to the surface (Shafirovich & Varma 2009). However modern techniques 

operating below hydrostatic pressure, with properly sealed and maintained wells should be subject 

to minimal leakage rates (Burton et al 2006). Nevertheless regulators are likely to continue to insist 

on effective separation distances between UCG and other underground workings (such as 

abandoned mines) or permeable strata susceptible to gas leakage136. 

Some trials have been marred by underground fire or explosion137. In deep operations these should 

pose no risk at the surface, and should be easy to control by regulation of the input oxidant. The 

typical public perception of UCG as involving uncontrollable burning until the entire coal deposit is 

combusted is technically incorrect, based upon experiences with shallow deposits where exposure 

to air has allowed underground coal fires to burn out of control (such as at Centralia, Pennslyvania). 
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 This is roughly equivalent to 200 litres for every tonne of coal gasified, so a commercial operation 
134

 http://www.lincenergy.com/investor_linc.php?articleId=2 
135

 Michael Green of CCL (pers comm) responds to this question with the view that established treatment methods are 

affordable and adequate. Nonetheless regulators would be well advised to seek independent reassurance in this area. 
136

 Although it must be recognised that there may be considerable uncertainties arising, for example, from the potential 

presence of old undocumented mines, and limited experience of regulators in working with relevant survey data.  
137

 http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=55&Itemid=108 notes the explosion 
at El Tremedal in Spain in 1998, for example. 

http://www.lincenergy.com/investor_linc.php?articleId=2
http://www.cleancoalucg.com/index.php?option=com_content&view=article&id=55&Itemid=108
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Carbon storage  

If the gasifier cavity is to be subsequently used for carbon dioxide storage, further detailed 

regulatory requirements will inevitably be imposed. In the main these may be transposed from 

carbon storage regimes developed for saline aquifers or other existing geological formations, but the 

impacts of UCG on the surrounding geology mean that additional provisions – especially regarding 

seismic survey, modelling and monitoring – are likely. In most countries there is no regulatory 

regime yet determined for carbon storage, and in many, emerging public opposition to such 

developments (Bradbury et al 2009, Brunsting et al 2010).  

Moreover if carbon storage does become commonplace it would seem likely that UCG would not be 

permitted in close proximity to existing stores, for fears of impacts from the effects of UCG on 

geological strata. Given the relatively close association of UCG resources and suitable locations for 

carbon stores, this might, if UCG is undertaken more frequently at greater depths, become a 

constraint in some countries138 

Carbon emissions 

Regardless of the future development of carbon dioxide storage within UCG cavities, the fate of the 

carbon released by UCG activities will inevitably become a subject of regulatory scrutiny.  It is most 

likely that UCG carbon will simply be included in other regimes – carbon trading, carbon taxation etc 

(see box 3 below) – but it may become subject to explicit emissions limits or emissions performance 

standards. For example, liquid fuels produced from UCG are likely to be subject to the EU’s rules on 

carbon intensity. In all cases monitoring and measurement of CO2 generated will be required. 

Box 3:  UCG and carbon prices 

In a perfect market, lower CCS costs on UCG than on alternative uses of fossil fuels should mean that 

with deployment of UCG, rising carbon prices should incentivise the adoption of CCS sooner and to a 

greater degree than otherwise. Unfortunately there are reasons why, in practice, this outcome 

cannot be relied upon. 

First, carbon prices may not rise high enough, consistently enough or quickly enough, especially in 

the face of high levels of uncertainty around UCG technology and investment. 

Second, UCG might be deployed more aggressively in places where carbon prices are likely to remain 

lower (and potentially, also in places where the costs of CCS on UCG may be higher – especially if not 

integrated from the outset). 

Third there could be costs barriers or lock in effects meaning that only partial CCS will be deployed, 

for example if UCG is widely used to produce liquid fuels for use in conventional engines, or if 

storage in the UCG cavity proves relatively cheap, but limited to a proportion of the total generated. 
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 At present no competition is envisaged, as a significant separation distance by depth could be expected, with storage at 
greater depths than UCG (Kempke, pers comm). 
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The UK has adopted policy that if UCG syngas is used for power generation, then CCS will be 

required, but not necessarily for other uses, such as CTL140.  

One further consideration is whether some regulators might take the same route they have with CCS 

in other sectors and demand ‘CCS-readiness’ on UCG installations. This is not obviously a concept 

used in the industry or literature141, but still merits brief consideration, especially if the economics of 

CCS on UCG prove to be such that unabated UCG is competitive while UCG with CCS is not. 

UCG developers might argue that all UCG is ‘capture-ready’ because of the need (or at least 

potential) to separate out CO2 in the upgrading process. However, regulators might also demand:  

- demonstration that the site design and layout allows for off-take of the CO2 and for any 

additional processing capacity required (eg installation of a water shift reactor, or an acid gas 

removal process) to deliver either partial or full CCS. 

- Identification of a storage site (other than the gasification cavity) and a transport route for 

the CO2 to be stored 

Such requirements might prevent lock-in of unabated UCG through poor plant design and location, 

but alternatively might enable development of UCG prior to the demonstration of commercial 

viability with CCS. 

Public acceptability  

Policy makers and regulators also respond directly to public opinion and industry lobbying regarding 

a topic or technology. Shale gas fracking is under severe scrutiny in several countries now, and it is 

unclear where the balance of acceptability will go as experience with the technology accumulates. 

Past experience with controversial technologies such as nuclear power or genetic modification 

suggests they can remain battlegrounds for decades and even stimulate international trade conflicts. 

It does not appear that UCG alone is likely to reach this level, but concerns and conflicts over the 

wider grouping of unconventional fossil fuels (including shale gas, oilsands and UCG) could extend 

regulatory uncertainty for a prolonged period.  

Box 4: Public acceptability of UCG 

The importance of public attitudes in the development and deployment of energy technologies 

seems only likely to grow. It can be expected to influence the political - and consequently the 

regulatory - framework faced by developers.  

At present UCG is not widely known and understood. This does not mean, however, that the public 

has no views. Moreover those emerging views are likely to be negative for several reasons: the past 

history of UCG has involved serious incidents of groundwater contamination, subsidence and even 

explosions; and coal mining more generally has seen serious impacts - from subsidence, water 

pollution and even underground fires - which are unlikely to be distinguished; while the public in 

many countries has an understandable nervousness about new energy technologies (especially 

where they perceive high profits being made in the process). 
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 http://www.environment-agency.gov.uk/static/documents/Business/UCG_factsheet_16_Aug10.pdf 
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 Although David Camp of LLNL describes UCG as inherently ‘capture-ready’ (pers comm). 

http://www.environment-agency.gov.uk/static/documents/Business/UCG_factsheet_16_Aug10.pdf
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Furthermore it would be unwise to assume that as the apparent ‘knowledge deficit’ is filled, the 

public will become more accepting of UCG. Recent experience with CCS suggests that the opposite 

can hold true too – that more knowledge, especially where it reveals uncertainties, can lead to more 

opposition (Brunsting et al 2010, Bradbury et al 2009). CCS experience also reveals serious 

(apparently irrational, but still strong) concerns about operations underground, even at extreme 

depths. Recent experience of public opposition to CCS also suggests that the potential promise of a 

UCG-CCS linkage may not be perceived as an entirely positive development. 

It has been suggested that concern from politically powerful farming interests (and a wider public) 

about water contamination affecting livestock and thus the food chain has been a significant 

influence in slowing the pace of development of UCG in Australia. 

In the UK and Europe, UCG has been deliberately grouped with other unconventional fossil energy 

sources (shale gas and oil sands) by campaign groups, such as Frack Off, motivated to speed the 

transition to renewable energy by blocking alternative responses to growing economic scarcity of 

conventional fossil fuels. Such campaign groups are not powerful, but can be influential, especially 

where their messages resonate with a wider public or political mood. This may well be the case with 

UCG in Europe and some other specific localities. 

For the UCG industry, the predominance of specialist developers and small resource companies has 

both positive and negative implications. Unlike the oil majors these companies do not have a public 

reputation on which their commercial success partly depends. They therefore are unlikely to have 

substantial investments in corporate social responsibility, and are less easily influenced by 

reputation-focused campaigns. But they will also struggle to win public trust if their first engagement 

with the public is as promoters of a suspect new technology.  

The prospect of cheaper energy might have some positive influence on certain publics, especially in 

countries where energy is scarce and expensive now. However in wealthier countries this seems 

unlikely to play strongly with the publics most likely to be concerned about UCG.  

Shackley et al (2006) remains the only report of independent public engagement. While it is clear 

that both companies and regulators have been involved in public consultation through events and 

formal opportunities for comment, it seems that this has generally followed conventional models of 

consultation at the project proposal stage, which is too late for consultation to genuinely affect 

policy and regulatory approaches as well as siting and technical design decisions.  

Experience in other sectors and technologies suggests that public engagement needs to start early 

and be genuinely two-way if it is to develop a genuine understanding of public concerns, and enable 

the development and regulatory processes to take proper account of them.  

At a more local scale public concerns about issues such as groundwater contamination and gas 

leakage have been recently exacerbated in many countries by proposals for both shale gas fracking, 

and carbon dioxide storage. The heightened concern and awareness is likely to be reflected in 

greater caution by regulators with respect to UCG (see box 4). The UK’s decision to license (at least 

an initial round of) UCG approvals offshore is an example of the sort of response which might arise. 

However in many other countries such an approach would reduce the accessible resource much 

more dramatically and may therefore not be countenanced. 
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Variation in regulation 

It is likely that regulatory approaches, standards (and royalties) for UCG will vary between countries, 

reflecting differences in economic development, public opinion and regulatory capacity, amongst 

others. In general it can be expected that poorer nations might tolerate lower standards, and have 

less resources and access to relevant expertise to ensure effective implementation of regulation. 

This will further influence the relative uptake of the technology. 

Summary and conclusions on regulation 

This review has not identified any regulatory ‘deal-breaker’, but a number of topics - notably water 

protection and carbon management –have potential to add significantly to the costs of commercial 

UCG operation, especially where public opinion is negative.  

4.4 Prognosis for development of UCG industry  

The preceding sections have highlighted a number of obstacles to the development of UCG. In 

making forecasts of the potential rate and extent of future development it is important to consider 

the likely development of these obstacles, and how they interact. 

Technical obstacles to UCG itself are limited, although the extent of competition and secrecy within 

the industry is hampering the current dissemination of best practice. On the other hand the extent 

to which technical obstacles will hinder the integration of UCG with CCS is not yet clear. By analogy 

with other CCS developments it is considered that such obstacles will not be trivial, but are likely to 

be primarily economic in nature rather than purely technical. 

Friedmann et al (2009) point to four key technical components to future commercial viability which 

still appear valid: 

- First, effective integration of skills in chemical engineering and subsurface operation, and 

geoscience understanding  

- Second, design and management of facilities which can deal with the variability of UCG 

syngas streams (where documentation and technical validation of previous experience is 

lacking).  

- Third, conformance to a high level of environmental protection, including management of 

subsidence and avoidance of groundwater contamination.  

- Fourth, active carbon management strategies, most likely carbon capture and sequestration 

(at least for operations in OECD countries). 

Economic obstacles arise both from the challenges of UCG (especially with CCS), from the 

competitive sources of the relevant end products and from the overall availability of investment. 

They are likely to be exacerbated or subsequently replaced, at least temporarily, by expert skills 

shortages in most countries should UCG reach commercial viability. 

UCG advocates tend to compare UCG with above ground coal gasification, ignoring the fact that 

syngas is not typically the end product in competitive markets, and that it is necessary rather to 

consider other competitors for the production of power, liquid fuels or chemicals such as urea.  
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Insofar as UCG could replace surface gasification, the likely global market is relatively small142. 

However if UCG products could penetrate more significantly into markets for power, vehicle fuel and 

fertiliser, then the potential could be far greater (and if conducted with no or only partial CCS, far 

more worrying). 

At present penetration of UCG syngas (or refined hydrogen) into power generation seems unlikely to 

be high. The lower natural gas prices and higher supplies (including diversion of LNG supplies) arising 

from rapid growth of shale gas exploitation, combined with the existing infrastructure for 

distribution and use of natural gas, mean that UCG is not likely to be widely competitive with natural 

gas in the near future. Nor does the analysis above suggest it will be competitive with coal fired 

power based on pulverised coal combustion supplied by opencast mining. However, some use of 

UCG syngas for power seems likely through co-firing in existing coal plant, as practised by Eskom. Up 

to 20% syngas can be added to the boiler via the gas burners with minimal modification to the 

plant.  Utilities in the USA are reportedly interested in a supply of UCG gas for co-firing to reduce 

SOX and NOX emissions, and as an opportunity to evaluate UCG technology and its reliability of 

supply143.  

The potential relative advantage of UCG for urea production is also linked to natural gas markets, 

infrastructures and prices, as the preferred feedstock of urea producers, and is also therefore 

regionally and nationally variable. 

In contrast the liquid fuels markets may offer wider commercial potential in the near future, 

especially in countries without access to their own oil. The strategic trends here are for rising prices 

in the face of more limited and expensive conventional sources (eg Arctic exploration) and 

challenging unconventional supplies (notably oilsands).  

While global prospects may be limited, the economics of development in specific countries can vary. 

In all three areas outlined above, overall demand is growing, and with strong economic growth in 

developing nations, any of the above products might justify UCG investments. By and large, locating 

UCG close to the target market would be necessary for commercial success, especially for power 

applications, because of the low energy density of syngas. 

In the near future, regulatory obstacles are likely to also shape the distribution of UCG 

developments, but the timescales on which these can be resolved are not long. If or once the 

techniques are commercially proven, regulatory obstacles are likely to be eliminated within a few 

years. This will be little reassurance to specific developers, but in terms of the overall dynamic of the 

industry this is of limited significance. 
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 Based upon planned projects, the Gasification Technologies Council reportedly expected a global equivalent thermal 
capacity of 73 GWth by 2010. Other projections indicate up to 155 GWth by 2014. (IEA ESTAP 2010). 
143

 Michael Green, pers comm 
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5. Scenarios for future development of UCG  

To explore the possible implications of UCG development in the coming decades five scenarios have 

been very simply modelled. The baseline scenario (1), following the assessment above, foresees 

niche development in some sectors and countries. Two further scenarios examine the potential of 

rapid sectoral growth (respectively in liquid fuels (2), and power (3) – the latter being plausible if the 

effects of shale gas on global gas prices prove short-lived for technical or regulatory reasons). 

Scenario 4 examines the implications of a broader based cost leadership for UCG (in line with 

proponent’s claims), and scenario 5 maps out possibilities where UCG has obtained a cost advantage 

as a result of growing demand for CCS on energy developments. The scenarios are described in more 

detail below, and table 7, with the data used set out in Annex 3. 

[1] Niche development: This is proposed as a ‘business as usual’ scenario, in which recent 

developments in UCG combine with ongoing low-cost shale gas, leading to increased deployment of 

UCG in sectoral and regional niches. UCG competes with existing and expected above ground 

gasification applications, for chemicals, and later in IGCC power markets. In this scenario, the current 

round of pilot developments is followed by a small number (3-5) of demonstration scale 

developments, with 10 commercial plants on line by 2020.  Moderate growth (5-10% per annum) in 

the following decades - constrained in niche opportunities to compete with gas and by persistent 

precautionary environmental concerns - leads to a very patchy distribution of a global capacity in the 

order of 110GW144 by 2050145. This is equivalent to little more than a doubling of current coal 

gasification capacity146 and constitutes about 1/3 of 1% of the global energy market. The climate 

implications are relatively small: around 0.5 Gt- CO2 pa emissions by 2050, which might be roughly 

halved if CCS technology is deployed where enhanced oil recovery incentives or regulatory drivers 

demand.  

[2] Focus on liquid fuels. This scenario follows the baseline to 2020, but then sees fast growth in the 

following decades (15-20% pa, driven by rising prices and scarcity concerns in the liquid fuels sector, 

dominated by specific regions where security concerns are strong). As a result capacity reaches 

around 1500GW equivalent by 2050. This is almost 5% of the forecast global energy market in 2050, 

and around 15% of the likely global liquid fuels market, facilitated by technical breakthrough to 

permit CTL fuels to be used in standard petrol engines as well as diesel. This scenario assumes partial 

CCS is adopted in many locations, in part as a response to EU fuel standards legislation, but no or 

little application of CCS in large emerging markets. Alongside development and promotion of 

oilsands and biofuels, UCG extends lock-in of conventional ICE vehicles and infrastructure147, and is 

associated with slow development and deployment of electric and electric hybrid vehicles. The 

climate impacts are significant at 5.5-7.6 Gt- CO2 pa (the higher figure implies no use of CCS). These 
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 For simplicity and comparison, capacities are given in terms of end-use energy values (GW electrical unless otherwise 
stated).  
145

 In the modelling a 1GW average scheme size has been assumed from 2025 onwards, but in the baseline scenario, with 
niche applications dominant, a smaller size might remain typical. 110 GW capacity might therefore imply as many as 250 
UCG facilities. 
146

 In 2009 there were less than 170 coal gasification plants in operation, producing the equivalent of around 80 GW 
(thermal) of raw syngas Friedman (2009, in Clean air task force). 
147

 Potential lock-in effects may arise where availability of CTL fuels at prices comparable to petroleum based fuels could 
significantly delay the replacement of conventional ICE engines with electric vehicles. On the other hand, in comparison to 
oil-sands use, UCG might accelerate a move to hydrogen based vehicles if proponents’ claims about the costs of UCG 
production of hydrogen are borne out.  
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emissions can also be considered to be largely additional, as in this scenario, UCG provides 

additional liquid fuels in a supply constrained market, and would probably not significantly displace 

expected use of another fuel source (not even oil-sands). 

[3] Dash for gas power – In this scenario the effect of shale gas proves short-lived, and natural gas 

prices return to or exceed previous levels. With current technological developments UCG proves 

competitive across natural gas markets, especially for power generation in locations where coal is no 

longer easy or cheap to access. This scenario sees more rapid development of demonstration and 

first generation commercial facilities (with 30 commercial scale plants by 2020, and rapid upscaling 

to an average facility size of 1GW by 2025). Thereafter growth runs at 15% pa, dropping to 12.5% pa 

in 2040s. Total capacity of around 1500GW is reached in 2050 (roughly 5% of the global energy 

market) with annual construction rates peaking at around 140GW pa in the late 1940s148.  In this 

scenario partial CCS is applied in many countries but not consistently, in part because of the benefits 

of upgrading gas before transmission or combustion. Emissions reach around 3.2Gt- CO2 pa 

(compared with 7.6Gt- CO2 pa without CCS) and UCG consumes a cumulative amount of almost 35Gt 

of carbon storage capacity by 2050149.  The emissions could be considered as displacing a similar 

level of gas power related emissions in a demand-limited market150. Other things being equal, in this 

scenario renewable energy development would be little affected, and longer term UCG strategies 

could come to focus on hydrogen as a power storage / liquid fuel option in a largely renewable 

energy system.  

[4] UCG Cost leadership: In this scenario, UCG genuinely becomes a low cost energy source in 

multiple markets (as the claims of industry are validated, or as learning and technical improvement 

reduces costs in practice). This scenario tracks scenario 3 to 2020, and then exhibits even faster 

growth (15-20% pa in both power and subsequently liquid fuel markets), delivering 3700GW 

equivalent capacity by 2050, over 10% of the global energy market151. As a low cost energy source, 

adoption is rapid in the face of energy security and development imperatives. Consequently CCS 

adoption is patchy, and applied mainly at a partial rate. Moreover the capacity is largely additional 

and thus the climate implications would be of serious concern, reaching some 10Gt-CO2 pa (or 18Gt 

if no CCS were applied). In contrast to the ‘expensive gas’ scenario, low costs of UCG would also be 

expected to hamper further development of lower carbon alternatives (renewables and possibly also 

nuclear152), thus partly locking in these elevated levels of emissions. 

[5] UCG-CCS breakthrough – In this scenario, techniques are proven or developed for reliable, cost 

effective use of the cavity and disturbed geology for carbon storage, this combines with low fuel 

costs to make UCG the (relatively low-cost) CCS technology of choice. Prolonged and widespread 
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 This can be contrasted with current forecasts for conventional gas power. In the IEA’s baseline scenarios, a fairly 
constant rate of 110 GW of new gas power is added each year, for a cumulative additional total of 5300GW by 2050. 
149

 This could have negative implications for the availability of carbon storage for industrial CCS or for negative emissions 
technologies in some regions. Although estimates of storage vary widely, this number is equivalent to about 16% of the low 
estimate of ‘almost certain’ carbon storage cited by the IPCC (2005). 
150

 Within the parameters of this study it is difficult to suggest what UCG power would displace, as this would depend 
largely on the details of configuration of the system and its deployment within the merit order.  
151

 In this scenario, in the late 1930s over 100 GW pa capacity is added, and even at lower annual growth rates in the 
2040s, around 300 GW capacity is added on average each year. This latter would probably stretch feasible construction 
capacities and might be considered implausible. The illustrative value of the scenario remains even if the peak levels were 
reached 10 or 20 years later. 
152

 Arguably, nuclear development may not be constrained by price competitiveness.  
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uptake follows with very fast growth (modelled as 20% pa from 2025) delivering 3860GW equivalent 

(around 10% of global energy and chemicals markets by 2050)153. In this scenario liquid fuels take-up 

is slower, via hydrogen or indirect, via electric vehicle options.  It is assumed that in most countries 

full CCS154 will be applied, driven by regulation. As a result only 3.2Gt- CO2 pa will be emitted in 2050, 

and 15.7Gt pa stored. The cumulative storage requirement would reach almost 90Gt-CO2 by 2050. 

Because uptake in this scenario is largely driven by regulation it might be assumed that UCG 

gradually displaces unabated coal and gas power, delivering net emissions reductions in comparison 

with business as usual. There may be a minor downside as a result of slowed delivery of air-capture 

negative emission technologies if adoption of UCG-CCS results in less research into post-combustion 

capture from flue gases.  

Discussion  

From analysis in the present study, the baseline scenario [1] would appear the most likely, while 

scenario 2 with rapid development for liquid fuels, the next most likely. Scenario 3 is plausible, 

although unlikely to take off as quickly as set out here, while Scenarios 4 and 5 are the least 

supported by the current evaluation, although not inconceivable.  

 

Table 7: Summary of outputs of scenarios: energy and emissions 

Scenario Year Energy  Coal  CO2 emitted  CO2 emitted CO2 stored 

  

production 
(Ej pa) 

Use       
(Mt pa) 

(w/o CCS)        
Mt- CO2 pa 

 (w/ CCS)       
Mt- CO2 pa 

Mt- CO2 
cumulative 

       Baseline 2030 0.43 47 83.4 52.3 164.7 

 
2050 2.78 303 539.9 253.8 2,678.2 

Focus on fuel  2030 1.01 115 196.3 144.9 247.6 

 
2050 39.22 4,475 7,607.7 5,572.6 11,515.0 

Dash for gas power 2030 3.04 346 589.0 397.0 790.3 

 
2050 39.22 4,475 7,607.7 3,183.8 33,673.8 

Cost leadership 2030 3.80 433 736.2 524.2 823.9 

 
2050 95.13 10,856 18,454.8 10,519.3 53,688.9 

CCS breakthrough 2030 2.53 289 n/a 245.2 750.3 

 
2050 97.66 11,145 n/a 3,244.4 88,448.8 

Note: all figures are gross (ie include energy penalty consumed in CCS) 

 

The range of scenarios is presented to provide reasonable (if exaggerated) illustration of the possible 

impacts of different plausible directions of development, and reality could incorporate elements 
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 Similar to scenario 4, the annual increments in the latter years of the model would be very challenging to deliver in 
practice, and might be implausible. 
154

 In the models, full CCS is treated as 90% capture for power uses and 100% for chemicals, while partial capture (at 50%) 
is the most assumed for liquid fuels or pipeline gas substitutes. 
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from several of them with varying geographies. The potential impact of skills shortages has not been 

included in any of the scenarios, and could prove a significant brake of the rate of growth in any but 

the baseline scenario. 

The carbon and thus climate outcomes of the scenarios reflect three key factors: the rate of 

deployment, the extent of substitution (ie whether the UCG source displaces another existing or 

expected carbon source, or is additional), and the extent of carbon capture. This third factor also 

depends strongly on the product mix, as high rates of capture are possible in power and some 

chemicals uses, but impractical or excessively expensive in production of liquid fuels, synthetic 

(substitute) gas for addition to the grid, or some chemicals (such as urea fertiliser, which is 73% CO2 

by weight). On the other hand, power generation from UCG can be undertaken with no capture, 

whereas synthetic gas production (for example) requires CO2 separation (and thus partial capture is 

relatively inexpensive). 

In all but the baseline scenario, the annual and cumulative emissions of CO2 from development of 

UCG are materially significant, even taking into account the likely partial application of CCS 

techniques. The range of 3-10Gt-CO2 annual emissions in 2050 contrasts with current annual power 

sector emissions of around 32Gt-CO2. 

Scenarios 4 and 5 imply a dramatic increase in coal consumption – up to more than 240% of the 

2011 record level of 7,678Mt155, and even in scenarios 2 and 3 the increase would be almost 60%. 

However, none of the scenarios would be limited by coal availability. In scenarios 4 and 5, by 2050, 

the technology could have consumed 7.5% of current economic coal reserves. So even with a 

conservative multiplier for what is made economically viable by UCG, and assuming (also very 

conservatively) that in practice half of that might be ruled out for other reasons (eg too shallow, 

inappropriate coal types, unacceptable risks of subsidence or groundwater contamination etc) then 

UCG might have consumed 5% of global UCG coal reserves by 2050. The 2050 annual rate of 

consumption could continue for a further 115 years before exhausting the resource on that basis. 
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 http://www.worldcoal.org/resources/coal-statistics/ 

http://www.worldcoal.org/resources/coal-statistics/
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6. Assessment of climate implications of UCG 

The potential climate implications of UCG are manifold. The most direct and obvious is the net 

impact on emissions resulting from deployment of UCG (in addition to, or instead of) other energy 

technologies. But the development and deployment of UCG technologies will also have implications 

for wider climate and energy policy. In this section the potential implications are summarised. 

6.1 CO2 emissions 

Currently global emissions of greenhouse gases (GHGs) are approximately 40Gt-CO2e, with energy 

related CO2 emissions accounting for about 32Gt-CO2e. By 2050 emissions levels need to have fallen 

rapidly to levels in the order of 10-20Gt-CO2e total if long-term atmospheric concentrations of CO2e 

are not to exceed a range from 350-500ppm.  

In this context the potential for emissions from UCG to grow to 3-10Gt-CO2 pa even with significant 

deployment of CCS technologies, is a grave concern. In most of the scenarios set out above, the 

direct emissions would create a serious challenge to the prospects of achieving the necessary 

emissions reductions. The realistic practical potential for CCS in most UCG applications involves only 

partial capture and storage, and even this may not prove economic in many circumstances and 

locations.  

Scenario 5 explores the maximum deployment of CCS on UCG, and even here, there are significant 

residual emissions. Although these may be lower than emissions from carbon-based energy sources 

displaced, they are likely to remain significantly higher than those achievable through maximum 

deployment of renewable energy. In this respect UCG may be able to play a small role as a bridging 

technology, although it would also create risks of lock-in of continued use of coal, and liquid fossil 

fuels. 

In some applications UCG might displace other energy or chemical sources. However, in the absence 

of CCS it is very unlikely to be a lower carbon alternative. And even with CCS, it will not always be 

lower carbon. For instance as a synthetic substitute for natural gas in the gas grid, it would have 

similar emissions even with CCS on the gasification and upgrading processes156. Similarly, if used to 

produce a liquid fuel, tailpipe emissions will be comparable with fossil alternatives regardless of CCS, 

and overall emissions much higher unless CCS is applied at the gasification and processing stages. 

While UCG boosters argue that equipping UCG with CCS is cheaper than other forms of CCS on coal, 

the analysis above suggests this is questionable, and even if it were true, the implicit assumptions 

that UCG would (a) replace other forms of coal power, and (b) be equipped with CCS, are not 

necessarily sound. As noted previously any displacement would reflect detailed dynamics of energy 

markets and systems, while in the absence of regulatory pressure, UCG without CCS would remain 

cheaper and (normally) more profitable than UCG with CCS157. 

However, in this context, there is another argument for UCG which must be considered. At present 

the costs and risks of CCS development appear to be largely prohibitive. Despite significant policy 
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 Although if the gas industry fails to improve its standards controlling fugitive methane, UCG could offer a small 
advantage over gas in these circumstances. 
157

 The prospect of CO2 sales for EOR provides the possible exception here. 
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attention and some direct government investment, CCS has yet to be commercialised. If the costs of 

CCS on UCG are lower than for conventional fossil power generation, then enabling or supporting 

development of UCG might unblock the logjam, and accelerate the development of CCS, enabling 

cost reductions to be passed through to other applications of CCS. However, the potential cost 

benefits of CCS on UCG – if they can be realised – largely lie in aspects which are specific to the 

technology, or arise from the already more advanced state of carbon separation in gas upgrading. So 

greater learning on CCS in UCG is unlikely to generate significant spin-offs in the form of technical 

advances or cost savings for CCS on other processes (in power, chemicals or other industry). As a 

result climate benefits would only arise if UCG with CCS was deployed to displace more carbon 

intensive forms of energy supply or chemical manufacture. 

6.2 Carbon dioxide storage 

UCG could have impacts on the climate through other indirect routes also. Here the potential for 

UCG to either increase, or reduce the available level of geological storage for CO2 is reviewed. Three 

potential mechanisms are briefly considered: first, the extent to which the CO2 captured by UCG 

with CCS might consume available storage space; second the possibility that the seismic effects of 

UCG might damage the integrity of existing potential carbon stores; and third, the possibility that the 

UCG voids and surrounding disturbed strata might themselves constitute a significant carbon store. 

The demand for CO2 storage is quantified in the scenarios, with the highest level (almost 90Gt-CO2 

cumulative by 2050) found in the CCS breakthrough scenario. CCS advocates rarely consider the 

issue of limitations on the supply of carbon dioxide storage, typically citing upper bound estimates of 

global availability in the order of tens of thousands of Gt-CO2. However, the potential scarcity of 

storage is serious enough that the UK Committee on Climate Change has indicated that proven 

storage might be better reserved for the product of CCS on otherwise recalcitrant industrial process 

emissions, rather than being used for power-sector CCS where other alternative mitigation exists.  

And lower-bound estimates can be much lower. The IPCC for example suggests that 2000Gt-CO2 is 

‘likely’ but only 200Gt-CO2 ‘almost certain’ (IPCC 2005). In a previous review of negative emission 

technologies, the present author used a ‘cautious’ estimate of 400Gt, contrasting this unfavourably 

with global demand for negative emissions in the order of 25Gt-CO2 pa for 50 years (1000Gt) 

(McLaren 2012).  

In this context use of storage for UCG (which also requires a higher storage capacity per unit energy 

than might be needed for CCS on natural gas power) might be seen as an undesirable diminution in 

the future prospects for effective deployment of negative emissions technologies, which are 

increasingly widely understood as an essential step in climate mitigation in the coming decades158.  

In practice, any conflict between UCG and other uses of geological storage would depend on their 

relative locations. This would clearly be worse if the practice of UCG could lead to damage to existing 

potential stores as a result of seismic movement. This threat is merely theoretical at present, given 

the limited number of carbon stores actively in use, and the limited number of UCG pilots. However, 

there is a significant degree of geographic proximity between coal reserves suitable for UCG, and 
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 For example, the UK Met Office’s analysis of climate targets and trajectories suggests that a 2°C target is 
increasingly implausible without significant use of negative emissions (Bernie et al 2012). 
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potential carbon stores (oil and gas fields and saline aquifers). With large scale deployment, that 

proximity could become a problem if subsidence or other impacts of increasingly deep UCG were to 

affect the integrity of potential carbon stores, although it seems more likely to act as a (relatively 

small) constraint on the sites deemed suitable for UCG. Until we have much more seismic data from 

practical large-scale experience with deep UCG the scale of this limitation is likely to remain 

unknown. 

Similarly, more seismic data will be needed before a full assessment can be made of the potential for 

UCG voids to store CO2 (as discussed in Section 4.3 above). At present knowledge, it would appear 

that it is unlikely that space would become available for more than the product of partial CCS (and 

possibly not even that), and thus UCG – at least with full CCS - would still require additional storage.  

6.3 Policy implications 

UCG could have significant implications for national and international climate policy in two ways. As 

a cheaper route to CCS, it might increase countries’ willingness to take on climate mitigation 

commitments (at least as long as they had access to carbon storage, or could take credit for UCG-

CCS schemes supported elsewhere).  

However, as a potentially cheap but high carbon energy source, UCG could also act to reduce 

countries willingness to take on mitigation commitments. It is noticeable that countries with cheap 

and accessible fossil fuels have rarely supported aggressive international mitigation efforts.  

An examination of the countries in which UCG projects are being developed or promoted would lead 

one to conclude that the latter effect is more likely to dominate. With the exception of the UK, none 

of the states in which multiple UCG projects are currently under consideration is a strong advocate 

of emissions reductions measures, and several already appear in part to resist climate policy because 

of the economic and political significance of fossil fuel interests (the US, Canada and Australia all fall 

into this category). Outside of Annex 1 nations, the motivation for supporting UCG is generally to 

deliver increased energy supplies, and widespread application of CCS seems unlikely, on grounds of 

both cost and energy penalty). In this context also, UCG would seem likely to add to opposition to 

adoption of mitigation commitments. 
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7. Conclusions  

Technical and commercial readiness 

UCG has not yet achieved commercial technological readiness, but technical advances in directional 

drilling and seismic modelling have brought it close to that point.  

The current economics (and remaining technology risk) of UCG make it unlikely to replace 

conventional (unabated) coal use for power generation in the near future.  

Where natural gas prices remain depressed, it seems unlikely to significantly displace use of gas 

either.   

On the other hand the economics of coal to liquid fuel based on UCG appear relatively attractive at 

present. 

In both technical and economic terms UCG could break through to become a mainstream option for 

power generation or liquid fuel production within the next two decades. Ongoing pilot schemes are 

expected to lead to demonstration at commercial scale in several countries within the next 3-5 

years.  

Integrating CCS 

UCG has the potential to extend (and increase) coal use significantly, and unless carbon capture and 

storage (CCS) were widely incorporated, this would bring severe negative consequences for the 

global climate.  

Although absolute costs remain uncertain, it seems likely that the future addition of CCS to UCG 

could be achieved more cheaply than its application to conventional gas or coal combustion.  

If CCS were applied, UCG would probably utilise some form of pre-combustion CCS. In practice, this 

report finds that UCG is unlikely to be widely deployed with more than partial CCS159.   

The effective linkage of UCG with CCS has yet to be fully technically proven, and could add 

significantly to the costs of UCG, especially if more than partial CCS is required. Worse, in liquid fuels 

applications, overall levels of CCS above 50% are implausible. 

Even if CCS on UCG proves cheaper than CCS on conventional power generation, this alone will not 

guarantee its application, even to a partial level, as UCG without CCS will remain significantly 

cheaper than UCG with CCS, unless carbon prices rise significantly, or effective regulatory incentives 

are applied.  

Implications for carbon storage 

Even partial CCS on large scale deployment of UCG would require the storage of significant amounts 

of CO2 (11-55 Gt by 2050).  Should lower estimates of global storage capacity prove to be correct, 

such amounts could have negative consequences for the future availability of suitable geological 

storage for other sources of CO2 such as negative emissions techniques. 
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 A capture rate In the order of 50% appears likely to be typical in developments which seek to apply CCS. 
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Advocates’ claims for effective carbon storage in the UCG cavity or surrounding strata are not yet 

proven. Even if demonstrated, such methods would be unlikely to provide capacity for more than 

partial CCS. 

Prognosis 

Currently UCG is being pursued with most vigour where it offers particular benefits for energy 

security, either as a fuel for power generation or as a feedstock for the production of synthetic liquid 

fuel. 

The most likely scenarios for the development of the sector are considered to be continued ‘niche 

development’ for 5-10 years, followed by either a ‘focus on liquid fuels’, or a ‘dash for gas power’ 

(depending on whether natural gas prices have converged globally at a relatively low level, or risen 

in the interim). 

In the case of a ‘dash for gas power’, strong regulatory intervention could ensure affordable 

application of CCS to a large proportion of UCG facilities if the technical challenges of integration are 

overcome, requiring significant carbon storage.   

In the ‘focus on fuels’ case the best outcome for the climate would involve substantial application of 

only partial CCS, with a significant residual climate risk, and in the worst case carbon emissions 

would grow rapidly and significantly as a result.  

Concerns regarding subsidence and groundwater pollution could well constrain the locations in 

which deployment is considered acceptable, but with modern practices and regulation, local 

environmental factors are unlikely to fundamentally slow the development of the UCG industry. 
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Annex 1: Identified current projects listing 

Name 
 

Description 
 

Promoter/Partners 
 

Output(s) 
 

Country 
 

Bloodwood Creek, 
Dalby UCG 

Operating UCG demonstration, successfully tested 
power export to the grid in Feb 2012, previously 
suspended by regulators over groundwater 
concerns. 
 

Carbon Energy Syngas, power Australia 

Chinchilla UCG  Multiple well/gasifier demonstration facility 
producing syngas and liquid fuels for several years. 
 

Linc Energy Liquids, 
Power, Syngas 

Australia 

Clean Global Energy 
UCG  

Resource assessment for proposed UCG 
development. Stalled since exit of CGE. 
 

CGE - sold to ASF Group Syngas Australia 

Denison Trough UCG, 
Qld 

Proposal for integrated urea fertiliser manufacture 
(initially 2.2mt pa), currently seeking finance. Also 
awaiting (delayed) completion of QLD review of UCG 
policy and projects. 
 

Liberty Resources Syngas for 
urea 
production 

Australia 

Gippsland UCG  JV signed in 2010 for exploration and assessment of 
UCG prospects. Cougar now focusing overseas. 
 

Cougar Energy/Ignite 
Energy Resources 

Power, Syngas Australia 

Kingaroy UCG Project 
(Queensland)  

UCG demonstration, closed down by Queensland 
regulators over groundwater concerns. 
 

Cougar Energy Power Australia 

Pedirka UCG/GTL  Site identified in 2011 deal with Allied Resource 
Partners to seek funding and technology for UCG 
development. 
 

Central Petroleum Diesel Australia 

Sargon UCG / 
Centauri-1 Power 
Station  

Proposed 168 MW syngas fuelled power station with 
CCS. Eneabba seeking new partner after Cougar exit. 
 
 

Eneabba Gas  Power Australia 

Walloway Basin / 
Orroroo UCG (South 
Australia)  

Proposed commercial UCG development, at 
exploration phase, stalled after SA regulators 
announced review of procedures. 
 

Linc Energy Liquids, 
Syngas 

Australia 

Jamalganj UCG  Several contending proposals for commercial scale 
demonstration. Exploration and feasibility study 
planned in 2011/2012. 
 

Abhijeet / Silicon Tech, 
various others 

Syngas Bangladesh 

Artanes Mining Group 
UCG 

Proposal dating to 2011, which does not appear to 
have progressed. 
 

Enemona SA Power Bulgaria 

UCG-CO2 Research 
Project  

EU funded collaborative research into UCG-CCS 
including geological evaluations, technical, economic 
and environmental assessments: field trials may 
follow in a subsequent phase after 2013. 
 

Overgas AB and 6 
partners including UCG 
Engineering. 
 

Research 
 

Bulgaria 

Drumheller UCG Proposed UCG pilot. Announced in 2009, desk 
review completed 2011 and exploratory drilling 
planned in 2012. 
 

Green Coal Canada Ltd 
(Nordic Oil and Gas / 
Western Warner Oils) 

Syngas Canada 

Gold Lake UCG  Proposed UCG demonstration, exploratory drilling 
and negotiations with Saskatchewan authorities in 
2010/2011. 
 

Liberty Resources Syngas Canada 

Nova Scotia 
(Cumberland Basin) 
UCG 

Terms agreed between partners in 2009. However it 
is not listed among CCL's active projects, with the 
implication that the resource proved unsuitable.  
 

Stealth Ventures / 
Clean Coal Ltd 

Syngas Canada 

Parkland County 
(Drayton Valley) UCG 
Alberta 

Demonstration UCG with partial CCS (EOR). Syngas 
to be sold to provide power for oil-sands processing. 
 

Laurus Syngas Canada 
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Swan Hills UCG $9m UCG demonstration operating, proposals for 
commercial scale syngas plant (17m gJ pa) to be 
operational by 2015, with inked EOR CCS. 
 

Swan Hills Synfuels Syngas, power Canada 

Mulpun UCG  UCG demonstration, agreed 2009, permits in place 
2010, resource assessment completed 2011. 
 

Carbon Energy / 
Antofagasta Minerals 

Power Chile 

Changzhi UCG Proposed 0.5m pJ pa syngas UCG deal agreed May 
2012. The project is intended as a pilot for 30 m pJ 
rollout. 
 

Shanxi Coal / Carbon 
Energy 

Syngas China 

Henan UCG Proposed development in conjunction with 
unnamed private coal company. Only reported on 
Jade's own website. 
 

Jade CleanTech Syngas China 

Inner Mongolia 
project 

Joint venture to build a multi-gasifier project under 
negotiation in 2012. Deal involved GCL taking a 5% 
share in Linc for $124m. 
 

Golden Concord Ltd / 
Linc Energy 

Liquids China 

Inner Mongolia 
project 

Proposal in2010 for pilot development in 
conjunction with unnamed resource owners and 
government. Only reported on Jade's own website. 
 

Jade CleanTech Power China 

Ulanchap, Inner 
Mongolia UCG  

Operating demonstration facility, operating for more 
than two years, and supplying a 5MW syngas power 
plant. 
 

ENN Methanol, 
Power, Syngas 

China 

Wu Ni Te UCG (Inner 
Mongolia) 

Joint venture on hold. Negotiations in progress for  
release of suitable resources following completion of 
feasibility study. 
 

Cougar Energy / 
DeTailong Investment 
Energy Ltd 

Power, Syngas China 

Xilinhot UCG Proposed 7PJ enriched air UCG Syngas plant. 
Previously expected to be operational by end 2011, 
with $30m 'letter of intent' funding secured from a 
private Chinese investor, and an offtake agreement 
with Inner Mongolia Sukli Oil & Gas. Status unknown 
after CGE sell-off of UCG interests. 
 

AuSino Energy / Clean 
Global Energy (also 
Yusenjiayu EPT, Gu Xin 
Mining and Goldbridge 
Clean Tech Energy ) 

Syngas China 

Xinjuang UCG Proposed joint venture, on hold as of August 2012. 
Initially proposed coal resource assessed as 
unsuitable for UCG. 
 

Cougar Energy / 
Limitless International 
Holdings Ltd 

tbc China 

Yihe Coal Field UCG  $1.5bn high level UK-China partnership announced 
2011, aiming to establish a 1000MW, 6mt coal pa 
UCG operation. 
 

Seamwell / CECEP Power China 

Mecsek Hills Feasibility study completed, discussions with 
Government on regulatory regime ongoing. 
Commercial demonstration UCG (130MWt) plus 
power plant planned for 2014, with further 280MWt 
development thereafter. 
 

Wildhorse Energy Power Hungary 

Barmer Rajasthan 
UCG 

5MW pilot plant for a potential 750MW 
development. Proposal officially accepted in 2009, 
prospecting licences issued in 2011. 
 

Gas Authority India Ltd 
(GAIL) / Uzbek Energy 

Power, Syngas India 

Chindwara UCG 
(Thesgora Block) 

CIL seeking tenders 2011: no preferred bidder 
selected as yet. Plan allows 2 years for exploration 
and 3 years for UCG pilot before 25 years 
commercial production from 187mt coal reserve. 
 

Coal India Ltd (CIL) Syngas India 

Gujarat (Valia) UCG MoU signed in 2009. Development, in lignite coal, 
expected to take 5-6 years. Technology provider tbc. 
 

Gujarat Mineral Devel 
& Reliance Industries 
Ltd 

tbc India 

http://member.zeusintel.com/gasification/project_overview.aspx?plantid=832
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Ramgarh UCG (Kaitha 
Block) 

CIL seeking tenders 2011: no preferred bidder 
selected as yet. Plan allows 2 years for exploration 
and 3 years for UCG pilot before 25 years 
commercial production from 166mt coal reserve. 
 

Coal India Ltd (CIL) Syngas India 

Singareni UCG Project 
(Godavari Valley)  

MoU signed in 2007. Project apparently abandoned 
(does not feature on Carbon Energy's website and 
Singareni focusing on conventional coal production). 
 

Singareni Collieries & 
Carbon Energy  

Power India 

Surat UCG Project 
(Gjurat) 

In April 2012 was still awaiting coal ministry approval  
of mining licence 3 years after completion of 
surveys. Technology to be supplied by Russia's 
Skochinsky Institute. 
 

Oil & Natural Gas 
Corporation (ONGC) / 
CIL 

Syngas India 

Sumatra and 
Kalimantan 

Initial proposal is for UCG with linked 30MW syngas 
power plant. Site yet to be identified - assessment 
ongoing. 
 

Cougar Energy and PT 
MedcoEnergi Mining 
International 

tbc Indonesia 

Dublin Bay UCG (Kish 
Bank) 

Exploratory drilling conducted in December 2009. No 
more recent reports. 
 

VP Power tbc Ireland 

Envidity, Kosovo CTL Exploration license applied for, with aspiration to 
produce up to 100,000 barrels per day of CTL fuel 
from lignite. 
 

Envidity Liquids Kosovo 

Chernigovskoye UCG Survey apparently ongoing, for development 2013. 
 
 

Tobol / Tau-Ken Samruk 
/ Gazprom 

Power Khazakstan 

Envidity UCG (Shive-
Ovoo coalfield)  

Site identified for UCG-CTL, and regulatory approvals 
applied for. Aim to scale up gradually to 15,000 
barrels per day over 5 years. Progres stalled since 
Sept 2011 by dispute between the partners. 
 

Envidity and Live 
Energy Group 

Diesel, Syngas Mongolia 

Gulfside UCG/CTL 
Project 

Arrowstar Resources (formerly Gulfside) negotiated 
for acquisition of a coal resource for potential UCG 
exploitation in 2007. In 2012 it is no longer listed 
among company projects. 
 

Gulfside Liquids  Mongolia 

Huntly UCG  Operating small pilot plant, gasifying up to 50t coal 
per day since April 2012.  Using Ergo Exergy eUCG 
technique. 
 

Solid Energy Syngas NZ 

Waikato UCG  Permits granted 2011 for a 2 year project. L&M 
currently 'monitoring progress' at Solid's Huntly 
project. 
 

L&M Energy Syngas NZ 

Thar Province UCG Proposed UCG in shallow lignite. Successful test 
gasifier in 2011. Funding for commercial 
demonstration under negotiation. 
 

Government of Sindh Diesel, Power Pakistan 

HUGE Barbara UCG EU Research project: Hydrogen Orientated 
Underground Coal Gasification for EU. Conducted a 
trial burn in 2010.  
 

EU funded consortium 
including UCG 
Engineering  

Syngas Poland 

Polanka-Wielkie Drogi Exploration / assessment, coal concession obtained 
2011, exploration commenced 2012. Site and scale 
tbc. 
 

Linc Energy tbc Poland 

Rybnik SDS-UCG Pilot 
Plant (Paruszowiec) 

Pilot for novel 'Complex Extraction of Energy from 
Coal' method of UCG. 
 

Polish Laboratory for 
Radical Technology 

Hydrogen, 
Power, Syngas  

Poland 

Majuba UCG Demo  Operating pilot UCG: 3MW equiv syngas cofired in a 
650MW coal power station since 2010, larger 
(100MW plus) demonstration UCG power plant(s) 
under consideration. 
 

Eskom / Ergo Exergy Power South Africa 

http://member.zeusintel.com/gasification/project_overview.aspx?plantid=636
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Sekunda CTL-UCG 
demonstration 

Plant designs completed in 2009. No apparent 
subsequent progress. Project and plant to extend life 
of CTL facility.  
 

Sasol Liquids South Africa 

Amasra UCG Carbon Energy acquired Clean Coal Amasra in 2011, 
with agreement to develop a pilot UCG 
demonstration. As of July 2012 the project does not 
appear on Carbon Energy's web site 
 

Hema / Carbon Energy tbc Turkey 

Firth of Forth UCG  Riverside hold 4 conditional licences for nearshore 
UCG. The most advanced is the Firth of Forth. 
Detailed proposals are under development. 
 

Riverside Energy Syngas UK 

B9 Coal Consortium 
UCG (Lynemouth)  

Proposed in 2010. Bid to UK CCS competition was 
unsuccessful. B9 has since become HiGen power, 
focused on hydrogen applications. 
 

B9 Energy Hydrogen, 
Power, Syngas  

UK 

Clean Coal Ltd UK 
UCG Project(s)  

CCL holds 5 conditional licenses for nearshore UCG in 
the UK of which the Swansea Bay proposal is most 
advanced, with applications for initial seismic 
surveys expected in 2012. 
 

Clean Coal Ltd Syngas UK 

Five-Quarter Energy 
Ltd 

Five-Quarter Energy hold 4 conditional licences for 
nearshore UCG. Detailed proposals are under 
development, possibly including trialling CCS in the 
UCG cavity. 
 

Five-Quarter Energy Ltd tbc UK 

Humberside UCG  Europa hold 2 conditional licences for nearshore 
UCG. Detailed proposals are under development, 
possibly including trialling CCS in the UCG cavity. 
 

Europa Oil and Gas Syngas UK 

Anadarko Wyoming 
holding UCG 

Exploration and feasibility assessment ongoing for 
large scale development, driven partly by unmet 
demand for CO2 for EOR. 
 

Carbon 
Energy/Anadarko Land 
Corporation 

SNG plus EOR USA 

Cook Inlet UCG  Began seeking permits in 2009. Expected to be 
operational in 2014. UCG with linked 100MW power 
station and EOR-CCS. 
 

CIRI / Laurus Energy Power, Syngas USA 

Great Northern 
Properties 
Montana/Dakota UCG 

Initial proposal with exploration rights acquired and 
an offtake agreement for CO2 for EOR. 
 
 

Carbon Energy / Great 
Northern Properties 

tbc + EOR USA 

Laurus Wyoming UCG 
(Converse County)  

Proposed pilot UCG with scope to export up to 
100MW power. 
 

Laurus Energy Syngas, power USA 

Linc Alaska UCG  Exploration in the Cook Inlet and interior regions 
continuing throughout 2012 
 

Linc Energy Syngas USA 

Linc Powder River 
Basin UCG  

Proposed UCG-GTL demonstration facility. 
Exploratory wells drilled. Research regulatory 
permits applied for. 90 day gasification trial planned 
for Q3 2012.  
 

Linc Energy Syngas USA 

Rawlins Wyoming 
UCG 

MoU developed betwen Australian Energie Future 
and InSitu Energy LLC was maintained by new 
owners, Proposal is for a 3000 bpd CTL plant with 
future potential up to 50000bpd. 
 

True Green LED Inc / 
InSitu Energy LLC 

Liquids USA 

Yerostigaz UCG 
(Angren) 

Industrial scale development in FSU, operating since 
1961, producing 365m m

3
 of syngas pa. Bought by 

Linc in 2007. 
 

Linc Energy Syngas Uzbekistan 

Tonkin UCG, Red 
River Delta 

Construction of a small scale demonstration UCG 
plant delayed since 2010.  As of 2012 still seeking 
approvals. 

Vinacomin / Linc Energy 
/ Song Hong / Marubeni 

Power Vietnam 
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Annex 2: UCG industry participants - short descriptions 

Company Country Description 

Allied Resource 
Partners 

Australia Project development consultancy, sourcing funding and technology for UCG-GTL 
projects with Central Petroleum 
 

ASF Group Australia An Australian resources company (ASX listed, $61.8m) focused on developing export 
opportunities to China. Purchased UCG interests in Australia from CGE in Jan 2012, 
but appears not to be pursuing them actively. 

Carbon Energy Australia ASX-listed ($34m) UCG development company (originating as a spin-off from the 
Australian national research organisation CSIRO) which runs the Bloodwood Creek 
demonstration facility in Queensland. CE claims proprietary rights to 'keyseam 
technology' with automated CRIP, and is involved in UCG project development in 
Chile, Turkey and the USA. In 2012 CE licenced its technology to Shanxi Coal, China, 
with the goal of developing commercial projects generating 30PJ pa of syngas.  
 

Central Petroleum Australia ASX listed ($166m) junior exploration and production company, with interests in 
hydrocarbons, helium and coal and coal seam gas. Planning UCG-GTL developments 
on Australian holdings including Pedirka Basin in Central Australia.  

Clean Global Energy Australia Clean Global Energy Limited (CGE) as of 12/9/2012, Citation Resources (ASX listed, 
$5.7m), is an Australia-based energy company. As recently as 2010, CGE was pursuing 
multiple UCG projects in Australia, China, the USA and India, and had substantially 
completed the initial design and layout of a modular UCG plant, including syngas 
processing. Over the following two years CGE progressively withdrew from all UCG 
interests and now focuses on conventional coal. 

Cougar Energy Australia ASX-listed ($7.5m) UCG developer and operator. Licencee of Ergo Exergy eUCG 
technology. Operated the Kingaroy UCG demonstration facility in Queensland, which 
was closed by regulators over groundwater contamination concerns. Cougar has 
launched legal action disputing the findings, and turned its attention overseas. 
Currently advancing proposals for UCG development in China, Indonesia & Mongolia. 

Endocoal Ltd Australia An ASX listed company ($39m) principally engaged in the exploration of hard-coking, 
thermal and pulverized coal injection projects in Queensland. In 2010, it registered six 
of its tenements, for UCG. Any development is on hold pending the QLD state 
regulatory review. 
 

Eneabba Gas Australia Australian power, coal and gas developer (ASX listed, $7.4m). Lead partner in Centauri 
project. 
 

Energie Future 
(East Coast 
Minerals) 

Australia Energie Future had a non-binding MoU with InSitu Energy LLC, a company jointly 
owned by a group of United States underground coal gasification specialists, Energy 
Technology Partners LLC and Raven Ridge Resources Incorporated to collaborate on 
proposals for a 3000 bpd UCG CTL plant and future potential development up to 
50000bpd in Wyoming. EF was bought out by True Green LED in 2011.  

Global UCG 
(Gurgaon) 

Australia Bidder for UCG project promoted by CIL at Kaitha 2011.  
 
 

Ignite Energy 
resources 

Australia Prospective partner wih Cougar in Gippsland project (which appears to have been 
abandoned). A coal developer with interests in coal seam gas and mineral sands, 
acquired by Karmin Energy of Canada in 2010. 
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Liberty Resources Australia Liberty Resources Limited is an ASX listed ( $15.7m) company engaged in the 
discovery and development of coal assets, currently focused on developing a large, 
low-cost UCG based urea fertilizer project in Australia. At Gold Lake in Saskatchewan, 
Canada Liberty is involved in initial discussion with the provincial government 
regarding the granting of UCG permits.  

Linc Energy Australia ASX listed ($372m) UCG developer and operator with 3 divisions: coal, EOR, and clean 
fuels. Developing UCG-GTL for synthetic jet fuel at the Chinchilla demonstration 
facility in Queensland. Involved in a number of speculative proposals for UCG 
developments in Australia, Poland, China, USA and Vietnam. Acquired Yerostigaz in 
2007 for IP (and reputational) purposes. Licensee of Ergo Exergy until 2006. Now 
licences its own proprietary technology.  

Meerkat Energy Australia Small unlisted Australian company, member of UCGA. Active in shale gas exploration, 
currently focused on potential developments in Botswana. 

Metrocoal Ltd Australia ASX listed ($37.6m) resources company, owns a proposed UCG site at Juandah, Qld, 
which has been redesignated for conventional mining, rather than awaiting  the 
outcomes of the QLD UCG regulatory review. 
 

Mitchell Group Australia Privately held, vertically integrated coal, ports and drilling group with strategic 
interests in utilisation of standed coal. Experience with CBM, and an MOU since 2010 
with LLNL. Also has an MoU with Arctech for use of its microbial coal conversion 
technology. Reported interests in Australia, Bangladesh, Botswana, Chile, India and 
Indonesia. 
 

Riverside Energy Australia Privately held UCG developer and consultancy (through ISGAS subsidiary). Holds 6 
UCG exploration licences in the UK, and supporting a proposed Indonesian UCG 
development through consultancy services.  

Wildhorse Energy Australia AIM-listed Australian resources company (with uranium mining developments in 
Hungary), now in advanced stages of project evaluation for a UCG to power project in 
Hungary. Recently signed a Cooperation Agreement with the Hungarian Government 
to formalise the legislative and regulatory framework required to develop UCG 
projects in Hungary. 

Jade Commodities British 
Virgin 
Islands 

Speculative private enterprise with offices in UK, China and India. Initiated two 
incomplete projects in China, and has conducted feasibility studies in India and 
Nigeria. May have been motivated by theory that UCG could qualify for carbon 
credits. Founded by a serial entrepreneur with no previous experience of UCG  who 
departed in 2011. The company appears inactive since then. 

Enemona SA 
(Artanes Mining 
Group) 

Bulgaria Bulgarian stock exchange listed company with interests in power generation, trading 
and engineering. Its subsidiary the Artanes Mining Group is currently developing 
opencast extraction in the Lom Lignite coalfield, but is also reported to have interests 
in UCG (listed as a project by Zeus Intelligence). 

Overgas Inc AD Bulgaria Company founded in 1992 to construct and operate gas distribution networks. 
Leading and co-funding (with European Research Fund for Coal and Steel) a UCG-CCS 
research project, which if deemed successful will be followed by field trials no earlier 
than 2013. 
 

Envidity Inc Canada Privately held Canadian project developer of UCG-GTL, for synthetic diesel and jet 
fuels. See military demands for fuel security as a driver. Ex General Wesley Clark as 
chairman. Projects under development in Mongolia and Kosovo. 

Ergo Exergy 
Technologies 

Canada Unlisted technology developer, licensing Ergo eUCG technology to a range of UCG 
projects around the world. 



83 | P a g e  
 

Green Coal Canada 
Ltd 

Canada Joint venture between Nordic Oil and Gas and Western Warner Oils Ltd, founded in 
2011 to pursue the Drumheller UCG proposal through exploratory work. GCC plans to 
pursue listing on a Canadian stock exchange. 

Nordic Oil and Gas Canada CVE listed ($3m) junior energy resources company. Partnering with Western Warner 
Oils Ltd to explore UCG potential in Alberta, and in assessment phase for a proposed 
UCG development at Drumheller. 
 

Stealth Ventures Canada Stealth Ventures Ltd. (Stealth) is a Canada-based (Canadian Venture Exchange (CVE) 
listed - $652k) junior oil and gas exploration and development company. The 
Company is focused on unconventional natural gas reserves, derived primarily from 
shale gas, Coalbed Methane (CBM) and tight gas sand reservoirs. Stealth is aiming to 
implement UCG in the Cumberland Basin, Nova Scotia with support from Clean Coal 
Limited (United Kingdom) and Life Power & Fuels (USA). 

Swan Hills Synfuels Canada A private Alberta developer focused on the development of clean energy projects 
utilizing UCG combined with CCS. Has secured reserves of deep coal and Alberta state 
funding to support CCS on its flagship project.  

Antofagasta 
Minerals 

Chile Chile-based copper mining company with interests in transport, water distribution, 
geothermal wind and UCG energy. Part of the Antofagasta Group PLC, listed on LSX 
(£12,600m). Partnering with Carbon Energy on the Mulpun UCG project. 

Bejing Yusenjiayu 
Environmental 
Protection 
Technology Co. Ltd 

China A 2002 new venture in Beijing making biodegrable transplant bags, used to reverse 
desertification in rural ecosystems. Possibly involved in site restoration or with 
interests in fertiiser. Linked to Xilnihot UCG partnership. 
 
 

CECEP (China 
Energy 
Conservation and 
Environmental 
Protection) 

China CECEP is a central state-owned enterprise with 172 subsidiaries with over 30,000 
employees delivering energy conservation and environmental protection technology 
projects. New clean energy is a key goal, and is partnering with Seamwell 
International in a state sponsored bid to establish a 1000MW, 6mt coal pa UCG 
operation in the Yi He coalfield. 

ENN, formerly 
XinAo Group  

China Large HK listed gas processing and distribution company supplying over 5 million 
customers. ENN operates a UCG syngas power demonstration facility at Ulanchap, 
and holds over 30 UCG patents. 
 

Inner Mongolia 
DeTailong 
Investment Energy 
Ltd 

China JV partner with Cougar Energy in application for operating permits to commence a 
UCG pilot burn on a coal deposit within the Wu Ni Te coal basin. Project delayed 
pending site selection - the subject of commercial and financial negotiations between 
DeTailong and the government/private owners of relevant coal assets 

Inner Mongolia Gu 
Xin Mining Co. Ltd 

China Regional mining company in Inner Mongolia. Partner in Xilnihot UCG joint venture. 
 
 

Limitless 
International 
Holdings  

China A development holding company, subsidiary of the Shanghai Limitless Investment 
Group, partnering with Cougar on Xinjuang UCG project.  
 
 

Shanxi Coal China Shanxi Coal Import & Export Group Co., Ltd. (SCIEG) is a large enterprise integrating 
coal production and sales, high-end manufacturing industry and financial investment. 
Produces 30mt coal pa. UCG pilot proposal deal at Changzhi agreed with Carbon 
Energy in May 2012.  

AuSino Energy China (HK) Established as a JV by CGE and Inner Mongolia Gu Xin Mining Co. Registered in Hong 
Kong in 2010, with plans to list on the HK stock exchange. Leading the Xilinhot UCG 
project. 

http://swanhills-synfuels.com/iscg/overview/
http://swanhills-synfuels.com/iscg/overview/
http://swanhills-synfuels.com/iscg/overview/
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Abhijeet Group India Large privately held  Indian conglomerate with interests in power, mining, steel, 
alloys, construction and cement. Bidder for UCG project promoted by CIL 2011. Also 
partner in Jamalganj UCG prosposal in Bangladesh , with Silicon Tech. Arrangement 
with Ergo Exergy technology. 

Adani Enterprises India National Stock Exchange of India (NSE) listed (219,000m rupee) coal importer, 
involved in a partnership with Carbon Energy to prepare a bid for a CIL UCG prospect 
at Kaitha, India. 
 

Aditya Birla Group India Bidder for UCG project promoted by CIL 2011.  
 

Aryan Coke 
Beneficiation  
 

India Bidder for UCG project promoted by CIL at Kaitha 2011.  
 

Coal India Ltd India A state-owned enterprise with 'maharatna' status, CIL - founded in 1975 by 
nationalisation of private mines - is now the largest coal producing company in the 
world with 466 mines. In 2011 issued a call for tender for UCG development on two 
coal blocks (Ramgarh and Chindwara). Multiple bids were recieved and preferred 
bidders have yet to be announced. 

Corporate Ispat 
Alloys (Nagpur) 

India Bidder for UCG project promoted by CIL at Kaitha 2011.  
 
 

Essar Oil India NSE listed (70,000m rupee) oil and gas producer, refiner and marketer. Bidder for 
UCG project promoted by CIL at Kaitha 2011.  

Essel Mining India Bidder for UCG project promoted by CIL at Kaitha 2011.  
 

GAIL India Previously known as the Gas Authority of India Ltd, GAIL is India's principal gas 
processing and distribution company. It was set up by the Government of India in 
August 1984 to create gas sector infrastructure.It is developing a UCG - syngas power 
trial at Barmer Rajasthan. 

Lanco Infratech India NSE listed (31,000m rupee) integrated infrastructure development company with 5 
divisiosn including coal and power. Bidder for UCG project promoted by CIL at Kaitha 
2011.  
 

Oil and Natural Gas 
Corp 

India NSE listed (2.44bn rupee) oils and gas developer. Partner with Coal India in Surat UCG 
proposal 
 

Sainik Mining India Bidder for UCG project promoted by CIL at Kaitha 2011.  
 

Silicon Tech India Partnering Abhijeet Group in Bangladesh proposal. 
 

Singareni Collieries 
Company Ltd 

India SCCL is a state mining company in India, jointly owned by the Andhra Pradesh 
government and the Union Government. SCCL operates 13 opencast and 42 
underground mines. Signed an MoU with Carbon Energy in 2006 for UCG 
development at Godhavari Valley, but the project appears to have been abandoned 
following detailed assessment. 

PT MedcoEnergi 
Mining 
International 

Indonesia Indonesian integrated energy company with turnover of US$1200m. Engaged in oil 
and gas exploration and production and power generation, with operations in the 
U.S., Indonesia, Libya, Yemen, Cambodia and Oman. Has an MoU with Cougar energy 
regarding exploration for UCG potential on three sites in Sumatra and Kalimantan.  

VP Power Ireland Irish company established to explore potential of UCG on the Kish Bank coal deposits 
in Dublin Bay. Part funded by Bord Gais (the Irish Gas Board) 

http://www.dnaindia.com/money/report_coal-gasification-call-draws-birla-essar-adani-lanco_1521232
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Marubeni Japan Large Tokyo listed (920,000m yen) conglomerate with 12 divisions including Energy, 
and Power and Infrastructure. partnering with Linc (in which it has a strategic 
investment) and Vinacomin in UCG proposal in Vietnam 

Live Energy Group Mongolia A Mongolian owned company focused on mineral resource exploration and 
processing. Subsidiary Shine Shivee, is planning to build a Coal to Liquid (CTL) fuel 
plant at the Shine-Ovoo brown coal deposit. The project is currently in the planning 
stage of development that will employ Japanese technology to produce liquid fuel 
from coal, but apparently delayed by a dispute with potential project partner Envidity. 

L&M Energy New 
Zealand 

L&M Energy Limited is an NZ exchange (NZE) listed (NZ$42m) oil and gas exploration 
company with interests in coal seam gas, UCG and shale gas. It has permits for a UCG 
trial at Waikato, but is monitoring progress at Solid Energy's Huntly UCG before 
committing. 

Solid Energy New 
Zealand 

Government owned, diversified resources company, with interests in coal, biomass 
and renewables. NZ's largest power generator. Operating Huntly UCG demonstration. 
Interest in UCG possibly driven by national indigenous energy security concerns.  
 

Promgaz-Gasprom Russia Involved in potential trials in Kazakhstan and Russia, and supplying equipment to 
Dong Duong in Vietnam 
 

Eskom S Africa Large state owned power generation and transmission company. Operating UCG 
syngas power demonstration at Majuba. 
 

Sasol S Africa An integrated energy and chemicals company (listed in NY and Frankfurt - $30,000m) 
with operations in South Africa, Europe, the Middle East, Asia and the Americas. It is 
undertaking pre-feasibility studies for the expansion of its synthetic fuels capacity 
(Project Mafutha) and completed plans - not yet implemented - for a CTL-UCG 
demonstration at Sekunda in 2009. 

B9 Coal UK Established in 2009 with the objective of developing projects combining UCG with CCS 
and alkaline hydrogen fuel cells. Led a consortium involving Linc Energy to bid for UK 
CCS competition funds for a UCG-CCS project at Lynemouth power station. 
Subsequently renamed Hi-Gen Power, and changed focus away from UCG. 

BCG Energy UK A private UCG specialist company, seeking further private finance. UK UCG licence 
holder. Operates through field-specific subsidiaries such as Thornton New Energy.. 

Clean Coal Amasra UK A coal mining company which owns holding rights to projects in Wyoming and North 
Dakota/Montana (US) and Amasra (Turkey). The company was incorporated in 2010 
and is based in the United Kingdom. As of April 7, 2011, Clean Coal Amasra Ltd. 
operates as a subsidiary of Carbon Energy Limited. 

Clean Coal Ltd UK A small unlisted energy company providing a full spectrum of services to the UCG 
industry, including consultancy services. CCL specialises in the evaluation, design, 
finance, implementation and management of worldwide commercial UCG projects, 
with interests in projects in Bangladesh and Canada, as well as 6 licences for 
nearshore UCG projects in the UK. CCL was formed in 2007 by Rohan Courtney OBE, 
of Tullow Oil, which exploits 'neglected' energy reserves in Africa and the North Sea. 

Europa Oil and Gas UK Small London stock exchange (LSX) listed (£15m) oil and gas company with interests in 
the UK, France and Romania. Holds 2 licences for nearshore UCG off eastern England. 

Five-Quarter 
Energy Ltd 

UK Partnership established to develop UCG licences off NE England, including Newcastle 
University. In 2012 won a £15m grant from the regional development agency to 
support their activities. 

Goldbridge Clean 
Tech Energy 

UK Very small UK consultancy, involved in apparently abortive JV with CGE and Gu Xin in 
inner Mongolia in 2009 
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Seamwell 
International 

UK A private UK natural energy resources company specialising in the commercialisation 
of UCG and the development of associated power generation facilities. SI is partnering 
with CECEP to develop an UCG power plant in the YiHe Coal Field in the Inner 
Mongolia Autonomous Region of China.  

Thornton New 
Energy 

UK Subsidiary of BCG energy, a UK UCG licence holder. Was partnering with Riverside to 
develop Forth proposal, but Riverside allowed JV to lapse in 2011.  

True Green LED UK Frankfurt listed small UK company engaged in the development, manufacturing and 
distribution of LED (Light Emitting Diode)-based technology, equipment and products. 
Outright purchased Energie Futures in 2011, including its Rawlins UCG-CTL project 
resources and IP valued at $241m. Exploratory work on the project continues, 
managed by Raven Ridge Resources. 

UCG Engineering UK Small technical consultancy, involved in research and technical projects in countries 
including the UK, USA, India, Pakistan, Hungary and Bulgaria. 

Gulfside USA Arrowstar Resources (formerly Gulfside) is a small mineral prospecting company listed 
on the Canadian Venture Exchange ($5m) now focused on iron ore. In 2007 as 
Gulfside it negotiated to acquire a coal resource in Mongolia for potential UCG. 

Laurus Energy Inc USA Sole North American licensee of Ergo technology, with projects under development in 
Alaska, Alberta and Wyoming. Obtained 2 rounds of VC funding primarily from Mohr 
Davidow Ventures (in 2007 and 2010). 
 

Luca Technologies USA Nasdaq listed technology development company working on development of 
gasification via enhancing/creating biomethane from microbial reactions in coal beds 

Texyn USA Private, probably venture funded, technology development company working on an 
undisclosed technology (steam jet gasifiers according to Couch (2009)) - for deep coal 
gasification and hydrogen production. 
 

Energy Technology 
Partners LLC 

USA Energy Technology Partners LLC consult in UCG project conceptualisation, design and 
operation and in the use of the Fischer Tropsch technology.  

GasTech USA A private company incorporated in Wyoming in 2007, providing consultancy on 
(underground) coal gasification. Involved in a abortive UCG trial with BP in 2009. 
Prepared a major report on UCG for the Wyoming Business Council. Subsequently 
sold (some of) its UCG interests to Linc.    

In Situ Energy USA Project development consultancy jointly owned by a group of United States 
underground coal gasification specialists, Energy Technology Partners LLC, and Raven 
Ridge Resources Incorporated.   
 

Life Power & Fuels  USA Private company investing in clean power, especially clean coal technologies including 
UCG. Collaborating with Stealth Ventures on its Cumberland Basin UCG proposal.  

Raven Ridge 
Resources LLC 

USA Raven Ridge Resources consult in operating and project managing coal seam and 
underground coal gasification projects. RRR partnered with Energy Technology 
Partners on the Rocky Mountain 1 UCG and a UCG project in New Zealand.  

Dong Duong Co Vietnam Vietnamese mining and mineral export company, reportedly considering UCG 
development in the Red River Delta region of Vietnam, using technology to be 
provided by GazProm. 

Song Hong Energy Vietnam Subsidiary of Vinacomin assigned project ownership of energy projects in the Red 
River Delta Coal basin and continental shelf of Vietnam; and managing several joint-
venture projects with foreign partners. Partnering with Linc and Marubeni in 
proposed UCG project. 

Vinacomin Vietnam Vietnam National Coal Mineral Industries Group is a substantial state enterprise 
founded in 1994, now producing over 37mt coal pa. It is partnering (through its 
subsidiary Song Hong, as the resource holder) with Linc and Marubeni in a UCG 
proposal in Vietnam. 
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Annex 3:  Scenarios 

Baseline scenario  

Capacity 2015 2020 2025 2030 2035 2040 2045 2050 

No of developments 5 10 13 17 26 42 68 110 

Equiv capacity GW 0.25 2.5 13 17 26 42 68 110 

Equiv energy prodn (Tj) 6325 63250 328900 430100 657800 1062600 1720400 2783000 

Equiv energy prodn (Ej) 0.006325 0.06325 0.3289 0.4301 0.6578 1.0626 1.7204 2.783 

% of global energy use 
   

0.000586 
   

0.00331 

Coal consumed (Mt) 0.7 6.9 35.8 46.9 71.7 115.8 187.5 303.3 

Cumulative (Mt) 0.7 19.6 126.5 333.3 629.7 1098.5 1856.8 3083.8 

% of global reserves 
 

7.6E-06 
 

0.000129 
 

0.00043 
 

0.00119 

Avg C02 potential (t per Tj)  194 194 194 194 194 194 194 194 

CO2 risk (w/o CCS) Mt- CO2 pa 1.2 12.3 63.8 83.4 127.6 206.1 333.8 539.9 

CO2 emissions with CCS 1.2 10.5 48.2 52.3 67.6 98.9 156.9 253.8 

CO2 stored (Mt-CO2) 0.1 1.8 15.6 31.1 60.0 107.2 176.9 286.1 

CO2 stored cumulative 0.1 4.6 48.0 164.7 392.4 810.4 1520.6 2678.2 

         Use breakdown 
        Power 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

CCS Coverage 0.1 0.2 0.3 0.4 0.5 0.5 0.5 0.5 

CCS Average capture rate 0.3 0.4 0.6 0.8 0.9 0.9 0.9 0.9 

CO2 per TJ (after CCS) 188.18 178.48 159.08 131.92 106.7 106.7 106.7 106.7 

         Gas 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

CCS Coverage 0.5 0.9 1 1 1 1 1 1 

CCS Average capture rate 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 164.9 106.7 97 97 97 97 97 97 

         Liquid fuels 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

CCS Coverage 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.5 

CCS Average capture rate 0.1 0.2 0.4 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 192.06 188.18 178.48 169.75 164.9 155.2 145.5 145.5 

         Chemicals 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

CCS Coverage 0.1 0.4 0.7 1 1 1 1 1 

CCS Average capture rate 0.1 0.2 0.4 0.6 0.8 1 1 1 

CO2 per TJ (after CCS) 192.06 178.48 139.68 77.6 38.8 0 0 0 
 

        

         

Notes to all scenarios         

 In the ‘use breakdown’ the figures for the four sectors always sum to unity, so represent proportions of 
the whole capacity. The figures for CCS coverage and average capture rate are also given as proportions. 
So for example the scenario suggests that in 2015 40% of the UCG capacity is used for power production, 

just 10% of power UCG schemes are equipped with CCS, and average capture of total CO2 is 30%. 

 For simplicity schemes are designated according to MWe potential. 

 Average development size hits 1GW by 2025 in all scenarios except CCS lift-off (2030). 

 Figures for % of global resource consumed are maxima, using lower estimate of global resource, and a low 
multiplier for UCG (x3).  

 Figures for carbon emissions are based on equivalent of an average EPS of 0.7t CO2/MWh.         
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Scenario 2: ‘Focus on Liquid Fuels’  
        

Capacity 2015 2020 2025 2030 2035 2040 2045 2050 

No of developments 5 10 20 40 100 250 620 1550 

Equiv capacity GW 0.25 2.5 20 40 100 250 620 1550 

Equiv energy prodn (Tj) 6325 63250 506000 1012000 2530000 6325000 15686000 39215000 

Equiv energy prodn (Ej) 0.00633 0.0633 0.506 1.012 2.53 6.325 15.686 39.215 

% of global energy use 
   

0.00138 
   

0.046685 

Coal consumed 0.7 7.2 57.7 115.5 288.7 721.8 1790.0 4475.1 

Cumulative 0.7 20.6 183.0 616.1 1626.6 4152.8 10432.5 26095.4 

% of global reserves 
 

8E-06 
 

0.00024 
 

0.00161 
 

0.010103 

Avg C02 potential t per Tj  194 194 194 194 194 194 194 194 

CO2 risk (w/o CCS) Mt- CO2 pa 1.2 12.3 98.2 196.3 490.8 1227.1 3043.1 7607.7 

CO2 emissions with CCS 1.2 10.5 76.2 144.9 381.1 940.5 2229.1 5572.6 

CO2 stored 0.1 1.8 22.0 51.4 109.7 286.5 814.0 2035.1 

CO2 stored cumulative 0.1 4.6 64.0 247.6 650.4 1640.9 4392.3 11515.0 

         Use breakdown 
        Power 0.4 0.4 0.2 0.1 0.05 0.05 0.05 0.05 

CCS Coverage 0.1 0.2 0.3 0.4 0.5 0.5 0.5 0.5 

CCS Average capture rate 0.3 0.4 0.6 0.8 0.9 0.9 0.9 0.9 

CO2 per TJ (after CCS) 188.18 178.48 159.08 131.92 106.7 106.7 106.7 106.7 

         Gas 0.2 0.2 0.2 0.1 0.05 0.05 0.05 0.05 

CCS Coverage 0.5 0.9 1 1 1 1 1 1 

CCS Average capture rate 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 164.9 106.7 97 97 97 97 97 97 

         Liquid fuels 0.2 0.2 0.4 0.6 0.8 0.85 0.85 0.85 

CCS Coverage 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.5 

CCS Average capture rate 0.1 0.2 0.4 0.4 0.4 0.4 0.4 0.4 

CO2 per TJ (after CCS) 192.06 188.18 178.48 174.6 170.72 162.96 155.2 155.2 

         Chemicals 0.2 0.2 0.2 0.2 0.1 0.05 0.05 0.05 

CCS Coverage 0.1 0.4 0.7 1 1 1 1 1 

CCS Average capture rate 0.1 0.2 0.4 0.6 0.8 1 1 1 

CO2 per TJ (after CCS) 192.06 178.48 139.68 77.6 38.8 0 0 0 
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Scenario 3: ‘Dash for gas power’ (expensive natural gas) 
        

Capacity 2015 2020 2025 2030 2035 2040 2045 2050 

No of developments 5 30 60 120 240 480 865 1550 

Equiv capacity GW 0.25 7.5 60 120 240 480 865 1550 

Equiv energy prodn (Tj) 6325 189750 1518000 3036000 6072000 12144000 21884500 39215000 

Equiv energy prodn (Ej) 0.006325 0.18975 1.518 3.036 6.072 12.144 21.8845 39.215 

% of global energy use 
   

0.004136 
   

0.046685 

Coal consumed 0.7 21.7 173.2 346.5 692.9 1385.8 2497.4 4475.1 

Cumulative 0.7 56.7 543.9 1843.1 4441.6 9638.5 19346.6 36777.9 

% of global reserves 
 

2.19E-05 
 

0.000714 
 

0.003732 
 

0.014238 

Avg C02 potential t per Tj  194 194 194 194 194 194 194 194 

CO2 risk (w/o CCS) Mt- CO2 pa 1.2 36.8 294.5 589.0 1178.0 2355.9 4245.6 7607.7 

CO2 emissions with CCS 1.2 32.9 236.4 397.0 647.9 1086.1 1776.8 3183.8 

CO2 stored 0.1 3.9 58.1 192.0 530.1 1269.8 2468.8 4423.9 

CO2 stored cumulative 0.1 10.0 165.1 790.3 2595.5 7095.4 16442.0 33673.8 

         Use breakdown 
        Power 0.4 0.6 0.8 0.9 0.9 0.9 0.9 0.9 

CCS Coverage 0.1 0.2 0.3 0.4 0.5 0.6 0.65 0.65 

CCS Average capture rate 0.3 0.4 0.6 0.8 0.9 0.9 0.9 0.9 

CO2 per TJ (after CCS) 188.18 178.48 159.08 131.92 106.7 89.24 80.51 80.51 

         Gas 0.2 0.1 0.06 0.03 0.03 0.03 0.03 0.03 

CCS Coverage 0.5 0.9 1 1 1 1 1 1 

CCS Average capture rate 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 164.9 106.7 97 97 97 97 97 97 

         Liquid fuels 0.2 0.2 0.08 0.04 0.04 0.04 0.04 0.04 

CCS Coverage 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.5 

CCS Average capture rate 0.1 0.2 0.4 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 192.06 188.18 178.48 169.75 164.9 155.2 145.5 145.5 

         Chemicals 0.2 0.1 0.06 0.03 0.03 0.03 0.03 0.03 

CCS Coverage 0.1 0.4 0.7 1 1 1 1 1 

CCS Average capture rate 0.1 0.2 0.4 0.6 0.8 1 1 1 

CO2 per TJ (after CCS) 192.06 178.48 139.68 77.6 38.8 0 0 0 
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Scenario 4: UCG ‘cost leadership’ 

Capacity 2015 2020 2025 2030 2035 2040 2045 2050 

No of developments 5 30 60 150 375 930 1870 3760 

Equiv capacity GW 0.25 7.5 60 150 375 930 1870 3760 

Equiv energy prodn (Tj) 6325 189750 1518000 3795000 9487500 23529000 47311000 95128000 

Equiv energy prodn (Ej) 0.0063 0.18975 1.518 3.795 9.4875 23.529 47.311 95.128 

% of global energy use 
   

0.00517 
   

0.113248 

Coal consumed 0.7 21.7 173.2 433.1 1082.7 2685.1 5399.0 10855.8 

Cumulative 0.7 56.7 543.9 2059.6 5849.1 15268.5 35478.7 76115.7 

% of global reserves 
 

2.2E-05 
 

0.0008 
 

0.005911 
 

0.029468 

Avg C02 potential t per Tj  194 194 194 194 194 194 194 194 

CO2 risk (w/o CCS) Mt- CO2 pa 1.2 36.8 294.5 736.2 1840.6 4564.6 9178.3 18454.8 

CO2 emissions with CCS 1.2 31.7 240.9 524.2 1159.6 2693.1 5231.7 10519.3 

CO2 stored 0.1 5.1 53.6 212.0 681.0 1871.5 3946.7 7935.6 

CO2 stored cumulative 0.1 13.0 159.8 823.9 3056.5 9437.7 23983.2 53688.9 

         Use breakdown 
        Power 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

CCS Coverage 0.1 0.2 0.3 0.4 0.5 0.5 0.5 0.5 

CCS Average capture rate 0.3 0.4 0.6 0.8 0.9 0.9 0.9 0.9 

CO2 per TJ (after CCS) 188.18 178.48 159.08 131.92 106.7 106.7 106.7 106.7 

         Gas 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

CCS Coverage 0.5 0.9 1 1 1 1 1 1 

CCS Average capture rate 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 164.9 106.7 97 97 97 97 97 97 

         Liquid fuels 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4 

CCS Coverage 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.5 

CCS Average capture rate 0.1 0.2 0.4 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 192.06 188.18 178.48 169.75 164.9 155.2 145.5 145.5 

         Chemicals 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

CCS Coverage 0.1 0.4 0.7 1 1 1 1 1 

CCS Average capture rate 0.1 0.2 0.4 0.6 0.8 1 1 1 

CO2 per TJ (after CCS) 192.06 178.48 139.68 77.6 38.8 0 0 0 
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Scenario 5: ‘UCG-CCS breakthrough’ 

Capacity 2015 2020 2025 2030 2035 2040 2045 2050 

No of developments 5 20 40 100 250 620 1550 3860 

Equiv capacity GW 0.25 5 20 100 250 620 1550 3860 

Equiv energy prodn (Tj) 6325 126500 506000 2530000 6325000 15686000 39215000 97658000 

Equiv energy prodn (Ej) 0.0063 0.1265 0.506 2.53 6.325 15.686 39.215 97.658 

% of global energy use 
   

0.00345 
   

0.11626 

Coal consumed Mt 0.7 14.4 57.7 288.7 721.8 1790.0 4475.1 11144.5 

Cumulative Mt 0.7 38.6 219.1 1085.2 3611.5 9891.1 25554.0 64603.1 

% of global reserves 
 

1E-05 
 

0.00042 
 

0.003829 
 

0.025011 

Average C02 potential t per Tj  194 194 194 194 194 194 194 194 

CO2 risk (w/o CCS) Mt- CO2 pa 1.2 24.5 98.2 490.8 1227.1 3043.1 7607.7 18945.7 

CO2 emissions with CCS 1.2 21.0 74.5 245.2 377.3 631.4 1302.8 3244.4 

CO2 stored 0.1 3.5 23.7 245.7 849.7 2411.6 6304.9 15701.2 

CO2 stored cumulative 0.1 9.0 77.0 750.3 3488.8 11642.2 33433.5 88448.8 

         Use breakdown 
        Power 0.4 0.5 0.6 0.7 0.75 0.75 0.75 0.75 

CCS Coverage 0.1 0.2 0.3 0.6 0.8 0.9 0.95 0.95 

CCS Average capture rate 0.3 0.4 0.7 0.9 0.9 0.9 0.9 0.9 

CO2 per TJ (after CCS) 188.18 178.48 153.26 89.24 54.32 36.86 28.13 28.13 

         Gas 0.2 0.2 0.15 0.1 0.05 0.05 0.05 0.05 

CCS Coverage 0.5 0.9 1 1 1 1 1 1 

CCS Average capture rate 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 164.9 106.7 97 97 97 97 97 97 

         Liquid fuels 0.2 0.2 0.15 0.1 0.05 0.05 0.05 0.05 

CCS Coverage 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.5 

CCS Average capture rate 0.1 0.2 0.4 0.5 0.5 0.5 0.5 0.5 

CO2 per TJ (after CCS) 192.06 188.18 178.48 169.75 164.9 155.2 145.5 145.5 

         Chemicals 0.2 0.1 0.1 0.1 0.15 0.15 0.15 0.15 

CCS Coverage 0.1 0.4 0.7 1 1 1 1 1 

CCS Average capture rate 0.1 0.2 0.4 0.6 0.8 1 1 1 

CO2 per TJ (after CCS) 192.06 178.48 139.68 77.6 38.8 0 0 0 
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Annex 4: UCG syngas composition: data from past trials 

 

Source: Couch 2009, after Mark, 2008.   
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Annex 5: Various published criteria for UCG site selection (from Couch, 2009)  

This annex sets out some published criteria – from both official and academic sources - for site selection screening. 

They should not be taken as recommendations - but are reproduced here to illustrate the range and scale of 

considerations that regulators are likely to consider if or when UCG operations are proposed. 

Australian criteria (CSIRO) 
- coal resource size suitable for long-term operation 
- seam thickness >5 m with a dip of <20º 
- seam depth 200–400 m with minimum faulting and no dips/sills 
- roof thermally stable with minimal permeability, preferably structured to encourage even caving 
- adjacent aquifers contain poor quality water and are of minimal permeability 
- subsidence must be acceptable, and there should be few other human activities in the vicinity. No overlying waterways, 

 
US criteria  

- Minimum coal resource of 3.5 Mt and minimum overburden of 100 m (ie seam depth) 
- Seam thickness >1 m, or 0.6 m in steeply dipping seams (steeply dipping seams (>30º) are favoured because of lack of 

mining interest) 
- Avoid seams with variable thickness and variable partings.  
Minimum distances  
– 1.6 km from populated areas 
– 0.8 km from major faults 
– 1.6 km from major oil and gas recovery development 
– 0.4 km from major roads and rail lines 
– 1.6 km from rivers and lakes 
– 3.2 km from active mines, and 1.8 km from abandoned mines 

 
Purdue University criteria for Indiana coals 

- seam thickness >2 m, suitability high; 1.5–2.0 m suitability medium; <1.5 m suitability low 
- depth >200 m 
- low rank, high volatile, non-caking bituminous coals preferred 
- shallow dipping seams are preferable 
- seams with no overlying aquifers within a distance of 25 times the seam height. 

 
Cardiff University criteria  

- coal seam thickness >1.5 m; 
- seam depth >500 m; 
- coal rank <bituminous; 
- proximity to fault structures >200 m; 
- proximity to built up areas >500 m; 
- proximity to mines both active and historic >500 m vertical and horizontal. 

National Coal Board, UK, 1976  
- At least 5 Mt of coal resource to provide 20 years of operation 
- Not marked for conventional mining 
- Not adjacent to working mines 
- Removal will not cause unacceptable subsidence 
- Seam thickness at least one metre or banded seam totals over a metre 
- Ash content less than 60% including any dirt bands, as combustion may be impeded 
- Area free of excessive faulting 

Additional notes say that leakage may be excessive if the site is adjacent to old mine workings or in a faulted area, 
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Endnotes:  
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Philip Sharman, Independent consultant 
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