
Going Underground? 
The likely implications for climate change from 
development and deployment of Underground 
Coal Gasification technologies 

This is a powerpoint slide summary of the report. Full text can be found 
at: https://sites.google.com/site/mclarenerc/research/ucg-and-climate 
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Outline of presentation 

• Basics of UCG 

• The UCG industry, operations and trials 

• Technical status of UCG 

• Economic status of UCG 

• Integration of UCG and CCS 

• Scenarios for future development  

• Climate implications  

Basics Trials Tech status  Economics CCS Scenarios Climate Conclusions 
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The basics 
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Underground coal gasification: some basics 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Basics 

Underground Coal Gasification (UCG) 
is a technique in which:  

• wells are drilled to gain access to a 
coal seam,  

• a permeable linkage is established 
between an injection point and a 
production well,  

• enabling partial combustion of the 
coal in situ in the presence of 
steam, and oxygen or air,  

• producing a synthesis gas (syngas)  

• which is drawn off through the 
production well 

UCG syngas is: 

• Collected at the surface 

• Cleaned of contaminants, 

• ‘Upgraded’ to increase its calorific 
value by removing CO2 

• And used as a chemical feedstock or 
input for: 

• power generation,  

• or production of  

– liquid fuel (aka: gas to liquids (GTL) or 
coal to liquids CTL),  

– Synthetic natural gas (SNG) 

– urea fertiliser 

 

 Before development can commence detailed seismic surveys are required, and 
after gasification has been completed the wells and combustion chamber must 
be flushed and sealed to prevent groundwater contamination 
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Simplified graphical illustration of key stages in UCG development 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Basics 

Survey Drilling …      Linking   …      Gasification Flushing …     Sealing  

Survey and 
assessment 

Drilling & 
injection 

Gas 
collection 

Cleaning …. 
Upgrading ….  Processing:  

eg GTL, 
Urea, SNG 

Power 
generation & 
transmission 

Air separation unit 

 

Condensate 
management 

 

Monitoring 
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UCG: some key terms and concepts 

Coal gasification: the partial combustion of coal at high temperature and pressure to produce a flammable 
syngas (typically comprised mainly of carbon monoxide, hydrogen, methane and carbon dioxide). The 
syngas typically has a much lower calorific value than natural gas. 

Gasifying agent: gasification requires oxygen which is normally provided as injected air (or oxygen enriched 
air, produced by an air separation unit which removes nitrogen from air). Water is also added, either in the 
form of injected steam, or from natural influx. In the absence of an injected gasifying agent, gasification will 
naturally cease. The nature of the agent influences the composition and calorific value of the syngas. 

Linkage: before gasification can commence a connection is required between the injection and production 
wells. This can be formed through induction heating, reverse combustion, hydro-fracturing, or more 
typically today using directional drilling and subsequently some form of ‘controlled retracting injection 
point’ (CRIP) ignition device. 

Gasification chamber (aka gasifier, or gasification cavity: the irregular underground space created by 
combustion.  As gasification proceeds the cavity is partially filled with ash and other residues, and typically 
the chamber roof collapses in a process known as goafing, fracturing overlying rock strata and causing 
surface subsidence.  

Gasification contaminants include oils, tars and toxic and carcinogenic substances, notably benzene. 
Contaminants can remain in the chamber, may leak into groundwater if uncontrolled, and must be 
separated from the syngas, primarily as components of the gasification condensate (a mix of water and 
contaminants that accompanies the collected syngas). 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Basics 
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UCG is likely to prolong or increase access to coal 

• Advocates of UCG claim that it is effective with a wide range of coal 
types in most different locations and circumstances 

• Typical estimates suggest that it could increase proven reserves of coal 
by 300-400%, enabling higher exploitation rates, or more prolonged 
use. For illustration, using 300% more coal – unabated – is estimated to 
add 2.76°C to global temperatures. 

• These estimates may be overly optimistic, but even with likely 
constraints to protect groundwater, prevent unacceptable subsidence, 
and higher relative costs than those suggested by UCG promoters, if 
UCG can be commercially proven, it is still likely to more than double 
proven reserves, especially by enabling cheaper access to deep coal. 

 
 While a technique capable of doubling proven coal reserves may be seen 

by many as a means of enhancing energy security, it must also be treated 

as a serious threat in a carbon-constrained world. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Basics 
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UCG trials and the industry 
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• The survey identified 81 specific industry participants involved in current 
projects or proposals. Over half were resource or utility company partners. 

 

 

 

 

 

 

 

• Most specialist UCG companies are SMEs, based in the US, Canada, UK or 

Australia. There are no energy majors currently involved in UCG activities. 

The UCG industry today is small …  

Table 1: Geographical and role breakdown of current UCG industry  

 Table 1: Geographical and role breakdown of current UCG industry participants 

Region and country 
Companies 

UCG 

specialists 

Resource/ 

utility cos 

Not known / 

Other 

Australasia 20 7 12 1 

Asia 28 1 20 7 

Europe 13 7 5 1 

Africa 2 - 2 - 

Americas 18 10 7 1 
          

Total 81 25 46 10 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 
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… weak and divided, but may yet prove disruptive 

• The UCG industry is diverse and in some respects divided, with 
significant secrecy around proprietorial techniques.  

• Even within global regions the extent of effective clustering of 
companies seems limited with more competition than 
collaboration. 

• The UCGA (industry association) is actively seeking to promote 
greater collaboration, and to influence policy and regulation. 

• The lack of energy majors reflects a mainstream skepticism 
about UCG – but this should not be taken to indicate a lack of 
disruptive potential. 

 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 
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Various past trials failed to deliver commercial success … 

• UCG has been trialled intermittently for decades in a wide range of 
countries and circumstances, but has yet to prove commercially viable. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 

Past UCG trials by depth and seam thickness  Past trials have been 
marked by technical 
challenges and local 
environmental impacts, 
notably on groundwater. 

However, over the 
decades, many aspects 
of UCG systems have 
been tested and 
technically proven 
across a range of 
depths, coal types and 
seam thicknesses. 
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… but a further tranche of trials are ongoing … 

• The current survey found 63 active or proposed projects 

 

 

 

 

 

 

 

 

 

• Including a handful of active pilot facilities, some with several years 
operating experience 

 

 Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 

 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 facility operating  1 

Research facility operating 3 

Other (including believed abandoned or terminated) 6 
    

Total 63 
 Note: the facility identified here is the  plant at Angren in Uzbekistan, which was not constructed 

under a commercial regime, nor necessarily operated to modern standards.  
  



Countries with 5 or more trials  
Countries with 1 – 4  trials 
Countries with no trials 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 

… with activity or proposals in twenty-two countries …  

• Key commercial pilot scale developments are in progress / under development in 
Australia, New Zealand, Canada, South Africa and China. 

• The majority of new proposals are in emerging or developing economies, and 
most are progressing only slowly, in part as a result of regulatory uncertainty. 
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… reflecting evolving technology and markets 

• Advances in directional drilling, and in computer aided 
seismic survey and modelling have helped overcome 
technical challenges in UCG itself. 

• Continued depletion of conventional fossil fuels has 
increased the potential rewards from UCG and the 
commercial development of oil-sands and shale gas has 
helped inspire potential UCG developers. 

• The shifting geography of proposals – towards developing 
and emerging markets - appears to reflect energy security 
concerns (and to some extent, weaker environmental 
regulation). 

 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials 
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Regulation and public attitudes are likely to be significant … 

• Most countries have no specialised regulatory regime for UCG, no 
decision on royalty rates where applicable, and few have even decided 
under which regime it should be covered: ‘minerals’ or ‘oil and gas’. 

• Public knowledge of UCG is very limited, and confusion with coal bed 
methane extraction or shale gas ‘fracking’ common.  

• Public opposition is likely to be intense on both local environmental (and 
to a lesser extent) climate grounds. 

• The promise of potentially integrated CCS is not likely to assuage public 
opposition significantly 

• Regulators in rich countries are likely to take a strongly precautionary 
approach to groundwater protection. 

• 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.  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials Trials 
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… among the strategic driving forces in the UCG industry 

Suppliers 
Resource owners and drilling 

suppliers have some 
influence, but both markets 

are competitive.. 

Customers 
Located in volatile 

commodity markets. Set 
prices for UCG industry 

New entrants: 
Resource companies with 
appropriate resources would 
need to partner with 
technology providers  

Regulation:  
Currently very influential in 
determining potential for 
development 

Industry  

rivalry high, 

based on 

proprietary 

technologies 
 

Substitutors: 
A range of substitutes exist in 

all applications.  

The nature of the product 
markets generates  
substantial financial risk, 
exacerbated by dependency 
on equity and VC finance.  

Regulation (on CCS) could 
strongly shape the 
industry. Supplier 
dependency is  unlikely to 
be a serious constraint.  

Rivalry within the UCG 
industry is high, driven by 
technical differentiation 

and access to appropriate 
resources 

Opportunities with 
complementors are being 

explored by several 
companies. Threats from 

substitutors may reduce as 
fossil fuels deplete, but 
will grow as renewables 

become more competitive. 

Complementors:  
Carbon dioxide users, such as 
EOR, may become influential , 
as might urea manufacture as 

gas markets tighten 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Trials Trials 
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Technical status 
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UCG is now close to commercial technological readiness … 

As illustrated in the following slides 

• The above ground components of UCG including gas collection, 
treatment and upgrading are largely commercially established as 
a result of surface gasification projects.  

• The underground components of UCG are broadly technically 
established – but not yet commercially proven, and practical 
details remain shrouded in commercial confidentiality 

• Effective transfer of technology and techniques from other 
applications in the oil and gas industries – such as waste 
treatment and well-sealing – appears practical, but has yet to be 
demonstrated fully.  

 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Tech status  

But - and critically, from the perspective of climate impacts - the 
integration of UCG and CCS is not yet adequately demonstrated 
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Gas  collection and 
cleaning is adequately 
established, but could 

benefit from 
optimisation for UCG 

Management of 
wastes , notably 
gas condensates 

is established, 
but UCG may 

generate higher 
volumes and a 
wider range of 

challenges 

Air-separation, 
and steam 

generation are 
standard proven 

components 

Gas transport is established, and UCG does not appear to 
generate unusual challenges or contaminants 

… above ground components of UCG are largely commercially proven … 

Gas upgrading and processing is 
commercially proven (with the possible 
exception of Fischer-Tropsch processing 

for liquid fuel 

Syngas combustion in 
power turbines is 

unproblematic, at least 
for co-firing. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Tech status  
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Linking and ignition 
using CRIP has been  
established, but its 

commercial viability 
remains unproven. 

Seismic survey and computerised modelling 
are technically adequate to identify 

appropriate resources, and to manage  
subsurface risks – eg to groundwater 

Gasifier control and 
monitoring could be 

further improved, and 
its commercial viability 

remains unproven.  

… while underground, several commercial challenges may remain 

Directional drilling, and well lining techniques 
are established in other industries, although  
optimisation might be merited for UCG, and 

reliability is  uncertain 

Gasifier flushing and sealing 
requires more practice, and 

effective transfer of techniques 
from other applications to be 
demonstrated commercially 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Tech status  

Post UCG 
monitoring is in its 

infancy  
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Economic status 
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The economic outlook for UCG syngas production is improving ... 

Various estimates of production costs of UCG 

syngas (and market prices for natural gas)  (US$) 

  Cost / GJ 

Europe $2.5 - 4.5 

Europe $3.6 - 4.0 

Europe $2.1 

Imported natural gas $4.0 - 12.6 
  

US $1.5 - 2.4 

US $4.6 - 7.7 

US $5.7 

Natural gas $1.9 - 4.2 

Australia $3.5 - 4.6 

Natural gas  (Eastern) $3.3 - 4.0 

Natural gas (Western) $7.3 - 12.6 

China (air blown) $2.4 

China (oxygen blown) $2.0 

Regulated gas price $5.3 
  

• In Europe and Australia technical 
and regulatory uncertainties, and 
volatility of market prices for gas 
mean that the apparent cost 
advantage of UCG is currently 
unlikely to be realised in practice 

• Even published estimates suggest 
UCG is not currently competitive in 
North America 

• However, in China UCG is likely to 
be further considered as part of a 
suite of energy options almost 
regardless of economics 

• And with expectations that market 
prices for gas will rise in China and 
the US (despite shale gas), the 
overall economic outlook for UCG is 
likely to improve. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Economics 
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… but for electricity generation, the outlook remains variable 

Table 6: Comparative costs estimates for 

electricity generation from UCG 

Location UCG electricity cost 

US - Alaska 4.6 ₵/kWh 

US - Indiana  5.2 - 8.6 ₵/kWh 

Europe 4.2 ₵/kWh 
  

Comparative costs for new fossil generation 

US – new coal 9.8-11.1 ₵/kWh 

US – new gas 6.3-6.6 ₵/kWh 

Developing world 
 

Indian estimates for a dedicated UCG-IGCC 
plant, suggest 25% capital cost savings on the 
surface plant, but UCG fuel costs more than 
three times greater than the pithead price of 
coal, and thus net generation costs 35-40% 
higher for UCG than conventional coal.  
 

Significantly lower costs may be achieved at 
limited volumes through co-firing in existing 
plant, as done at Majuba, South Africa.  

Best current estimate: 8.2-11.9₵/kWh  - UCG electricity generation costs without CCS 
– assuming dedicated generation capacity, based on IGCC designs, with capital costs 
reduced by the costs of the gasifiers and coal handling equipment, fuel costs 
discounted by 50%, and adjusted to reflect recent substantial upward trends in power 
generation development costs.  
 

If UCG is used to provide anything more intermittent than baseload power, the unit 
costs will increase due to lower revenue to spread over capital, and additional costs for 
system management and storage of gas.  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Economics 
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In liquid fuels UCG may offer both security and cost advantages 

• Linc claim costs as low as US$25-28 per barrel  

• If UCG cut capital costs by 30% and operating costs by 50% compared with 
surface gasification, CTL fuel would cost $27-48/barrel 

• All these figures are well below current oil prices, but involve no carbon 
capture, and lifecycle emissions up to double those from petroleum based 
fuels. 

• Continued volatility of oil prices could significantly reduce the confidence of 
potential investors in UCG liquid fuels 

 
Downsides of CTL  
 

The maximum rate of carbon capture on CTL is below 50% (at a cost of $7-8 
per barrel or $12 per tonne CO2), leaving the tailpipe emissions roughly 
equivalent to petroleum based fuels.  
 

With current technologies CTL fuels can be used in standard diesel engines, 
but not standard petrol engines. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Economics 
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Potential for integration of UCG and CCS 
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Steam cycling in the 
cavity 

Collection of CO2 in 
upgrading using acid 

gas removal (AGR) 

Collection of 
additional CO2 in 
upgrading, using 

water shift reaction 

Oxyfiring  of  syngas in 
power generation 

Flue gas capture 
of CO2 in power 

generation 

Multiple potential options exist for carbon capture in the UCG process 

The climate impacts of 
UCG depend heavily on 
the plausibility of high 
levels of application of 
CCS.  
 
UCG advocates argue 
that UCG facilitates 
cheaper options for 
both capture (outlined 
here) and storage.  
 
Although the 
theoretical arguments 
carry some weight, 
significant challenges 
remain. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics CCS 
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Resurvey to ensure 
suitability for storage 

Extend monitoring  to CO2 leakage, 
and maintain for centuries 

Install equipment for  
collection, management and 

if needed, re-compression   
of separated CO2 

Maintain and 
manage injection 
system to handle 

CO2 injection 

If using steam 
cycling, modify 
injection and 

collection 
equipment 
accordingly 

Install equipment 
for purification  of 
collected CO2 prior 

to injection 

Major modifications will be needed to integrate CCS into UCG …  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics CCS 

...  even if we assume that  reuse of the cavity for partial CCS can be proven 
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… while full CCS is likely to prove both challenging and more costly …  

 

 

Install additional 
upgrading to strip out 
remaining carbon for 

‘full’ capture 

Modify or replace 
combustion plant to 
handle  processed 

syngas 

Install equipment for  
collection, management 

and (if needed) re-
compression of CO2  

(for ‘partial’ capture) 

Add gas storage capacity to allow 
for  variable plant operation 

Install  high pressure 
pipeline to carbon 

storage facility 

Survey, develop, 
construct, operate, 

and monitor 
dedicated carbon 

storage facility  

… with off-site storage required. Although linking with EOR might cut 
costs, it would also be expected to undermine CCS effectiveness  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics CCS 
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The economics of UCG with CCS do not provide a clear case … 

• Estimated costs of power from 
UCG-CCS tend to fall in the lower 
range of CCS-equipped power 
generation costs – but do not 
appear consistently cheaper 

• Taking account of recent rises in 
power sector engineering costs 
suggests a cost range for UCG-
CCS power of 14.3-16.4 ₵/kWh, 
contrasting with an overall 
reported range of 8.9-26.3 
₵/kWh for fossil CCS generally 

• The additional costs of CCS on 
UCG ($30-50/tonne CO2) exceed 
current and expected carbon 
prices until mid 2020s. 

• EOR might provide an adequate 
price stimulus, but at a 
significant net carbon cost. 
 

Published costs estimates for electricity generation 

from UCG with CCS 

Location UCG electricity 

cost  - ₵/kWh 

Notes 

US - Alaska 9.0-11.7 90% CCS 

US 7.4-16.4 Includes capture costs only 

Europe 5.6 86% CCS, very optimistic assumptions 

Europe 7.8 90% CCS 

Europe 10.6 Unspecified, presumably 90% 

  

Comparative costs for conventional coal and gas generation 

US – new coal 13.9   

US – new gas 9.0   

‘Conventional’ 

coal with CCS  

8.9 – 26.3 Up to 90% 

‘Conventional’ gas 

with CCS  

10.7 – 18.2 Up to 90% 

Note: UCG CCS does not offer significant 
transferable learning for other CCS applications that 

could help lower CCS costs generally 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics CCS 
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… while reuse of UCG cavities for carbon storage is unproven 

Fractured zone with 
increased void space for 

CO2 storage 

Adjacent coal seam 
with good sorptive 

capacity for CO2 

Chamber partially filled 
with gasification residue 
with elevated sorptive 

capacity for CO2 

Enhanced seal resulting 
from compression of 

capping strata 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics CCS 

‘Seal’ hypothesis based 
on limited studies of 

undersea mining 

Fracturing may 
facilitate CO2 

migration and leakage. 
Will inevitably require 
re-survey. Unlikely to 

meet EU storage 
liability tests 

Reactions of injected CO2 
with residues, 

contaminants and residual 
heat are uncertain 

Direct capacity of cavity 
signficantly smaller than 
volume of CO2 generated 

from combustion of the coal  

The European Research Fund for Coal and Steel-funded UCG-CO2 project, due to report 
in 2013, is undertaking geological, technical, economic and environmental assessments, 
with a particular focus on dual use of wells and safe sealing of CO2 stores in UCG cavities 

Claims are highlighted in purple, and reasons to doubt them in orange 
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The future of UCG can be best illustrated with scenarios … 

• The following scenarios illustrate possible trajectories for UCG 
development in the coming decades, highlighting key variables and 
drivers.   

• The scenarios reflect plausible combinations of technical progress, 
relative costs and regulation to estimate the likely sectoral and possible 
regional patterns levels of UCG deployment, and the consequent carbon 
emissions and requirements for carbon storage arising. 

• In reality the key drivers might arise in different combinations and 
patterns, but these scenarios encompass the  most likely range of 
outcomes  

• The following slides describe 5 distinct scenarios and some of their 
consequences, and then summarise the climate implications. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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Future UCG scenarios 
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Baseline scenario: description and consequences 

[1] Niche development:  

• A ‘business as usual’ scenario with deployment of UCG only in sectoral and 
regional niches  

• Current pilot developments are 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 leads to a global 
capacity of 110GW by 2050 (equivalent to about 1/3 of 1% of the global energy 
market)  

• CCS technology is deployed where enhanced oil recovery incentives or 
regulatory drivers demand. 

• The climate implications are relatively small: around 0.5 Gt- CO2 pa emissions 
by 2050  

• This level might be roughly halved if CCS technology is deployed where 
enhanced oil recovery incentives or regulatory drivers demand. 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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Scenario 2: description and consequences 

[2] Focus on liquid fuels.  

• Follows the baseline to 2020, then exhibits fast regional growth in the 
following decades (15-20% pa, driven by rising prices and scarcity concerns in 
the liquid fuels sector.  

• Capacity reaches around 1500GW equivalent by 2050 (almost 5% of the 
forecast global energy market in 2050, and around 15% of the likely global 
liquid fuels market).  

• Partial CCS is adopted in production for global markets but not domestically in 
large emerging economies. 

 

 
• The climate impacts are significant at 5.5-7.6 Gt- CO2 pa.  

• These emissions are largely additional, as in a supply constrained market, UCG 
does not significantly displace other fuel sources  

• Alongside oilsands and biofuels, UCG extends lock-in of conventional ICE 
vehicles and infrastructure, with slow development of electric vehicles 

(although possibly facilitating a longer-term shift to hydrogen).  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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Scenario 3: description and consequences 

[3] Dash for gas power  

• Natural gas prices return to or exceed previous levels and UCG proves competitive 
across natural gas markets, especially for power generation.  

• Rapid development of demonstration and first generation commercial facilities (with 
30 commercial scale plants by 2020, and 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).  

• Partial CCS is applied in many countries but not consistently.  

• Emissions reach around 3.2Gt- CO2 pa (cf 7.6Gt- CO2 pa without CCS)  

• UCG consumes a cumulative 35Gt of CO2 storage capacity by 2050. This could have 
negative implications for the availability of carbon storage for industrial CCS or for 
negative emissions technologies in some regions.  

• UCG emissions displace gas power related emissions in demand-limited markets.  

• Renewable energy development is little affected, and in the longer term UCG could be 
used to produce hydrogen for power storage or liquid fuel in a largely renewable 
energy system.  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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Scenario 4: Description and consequences 

[4] UCG Cost leadership:  

• UCG proves a low cost energy source in multiple markets as learning and 
technical improvement reduces costs in practice.  

• 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 market.  

• Adoption is driven by energy security and development imperatives, and CCS 
adoption is patchy, and mainly partial. 

• Much of the generation capacity is additional (enabling growth or displacing 
conservation). 

• The climate implications are of serious concern, reaching some 10Gt-CO2 pa 
(or 18Gt-CO2 pa if no CCS were applied).  

• Low costs of UCG would also be expected to hamper further development of 
lower carbon alternatives (renewables and possibly also nuclear), thus partly 
locking in these elevated levels of emissions.  
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Scenario 5: Description and consequences 

[5] UCG-CCS breakthrough  

• Reliable, cost effective  CCS integration is proven and combines with low fuel 
costs to make UCG the CCS technology of choice.  

• Prolonged and widespread uptake follows with very fast growth (modelled as 
20% pa from 2025)  

• Delivers 3860GW equivalent (around 10% of global energy and chemicals 
markets by 2050).  

• Liquid fuels take-up is slower or indirect.  

• In most countries full CCS is applied, driven by regulation.  

 • Even with CCS, 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, 
with potentially very significant impacts on regional availability of storage.  

• Insofar as uptake is driven by regulation UCG might gradually displace 
unabated coal and gas power, and could deliver net emissions reductions.  

• If adoption of UCG-CCS results in less research into post-combustion capture 
from flue gases, development of air-capture technologies may be slowed.  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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UCG scenarios – summary of energy and emissions outputs 

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) 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 
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UCG scenarios – 2030 summary  
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By 2030, climate implications could already be significant – with net emissions of 0.4-0.5 
Gt-CO2 pa in the scenarios with fastest growth in UCG use, even with CCS deployment 
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UCG scenarios – 2050 summary 
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Visually, this chart is dominated by the cumulative amounts of CO2 stored. Nonetheless 
it shows annual net CO2 emissions growing to between 3 and 10Gt-CO2 pa in all but the 
baseline scenario, even with application of CCS. 
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Evolving scenarios 

Baseline – niche 
development 

Rising gas 
prices 

Das for gas power 

Oil scarcity 
intensifies 

Focus on fuels 

UCG Cost 
leadership 

CCS Breakthrough 

UCG costs 
cut 

UCG costs 
cut 

CCS 
proven 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Scenarios 

The scenarios are not independent. This 
suggests ways in which they might evolve 

over time  in the face of changes in 
competing markets and UCG technologies. 

The colours indicate the relative carbon risk . 
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Implications for the climate 
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Climate implications (1): UCG, fuel substitution and CCS 

• Emissions from UCG could grow to 3-10Gt-CO2 pa  by 2050 (even with 
significant deployment of CCS) – yet total global emissions must be cut to 10-
20Gt-CO2e to keep long-term atmospheric concentrations of CO2e  within 350-
500ppm 

• As an emissions reduction strategy, UCG (even with CCS) is clearly inferior to 
promotion of renewable energy.  

• UCG may displace other energy or chemical sources in certain applications. 
UCG without CCS is very unlikely to be a lower carbon alternative, and as 
synthetic natural gas or CTL fuel, UCG with CCS can at best marginally reduce 
emissions.  

• Even cheap UCG with CCS might not displace other forms of coal power – 
subject to the dynamics of energy markets and systems. Without regulatory 
intervention, UCG without CCS would remain cheaper than UCG with CCS. 

• UCG is unlikely to help overcome obstacles to wider CCS development because 
its potential cost benefits largely lie in aspects specific to the technology, or 
arise from the already more advanced state of carbon separation in gas 
upgrading.  

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Climate 
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Climate implications (2): UCG and carbon storage 

• The volumes of geological carbon storage required for CCS on UCG 
range from 10-90Gt-CO2 by 2050.  

• If pessimistic estimates of global storage availability (200-400 Gt-CO2) 
prove correct, this could have a serious impact on the viability of 
other climate measures requiring access to storage, notably negative 
emissions techniques. 

• Even with higher global availability, regional storage scarcity might 
become an issue for UCG or other measures. 

• Creation of substantial secure additional storage in the UCG cavities 
and surrounding strata has not been demonstrated. 

• It also appears unlikely – however - that UCG operations will 
significantly damage or sterilise existing potential storage.  
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Climate implications (3): UCG and climate policy 

• 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  

– Alternatively, as a potentially cheap but high carbon energy source, UCG 
could also act to reduce countries willingness to take on mitigation 
commitments.  

• It would be rash to expect the former influence to predominate:  

– With the exception of the UK, none of the Annex 1 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 shape 
climate policy in line with fossil fuel interests. 

– Where UCG development is motivated by a desire to increase energy 
supplies or security, widespread application of CCS seems unlikely, on 
grounds of both cost and energy penalty. In this context also, UCG would 
seem more likely to add to opposition to mitigation commitments. 

 
Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Climate 



1
6

/0
5

/2
0

1
3

        slid
e  4

6
 

Conclusions 
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Conclusions 1: 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.  
 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Conclusions 
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Conclusions 2: Scenarios for development  

• Currently UCG is being pursued with most vigour where it offers enhanced 
energy security, either in power generation or as synthetic liquid fuel.  

• UCG may be constrained by regulation, especially of emissions, but will not be 
globally limited by resource availability 

• Concerns regarding subsidence and groundwater pollution may constrain the 
locations in which UCG is permitted, but with modern practices and regulation, 
local environmental factors are unlikely to fundamentally slow its development. 

• The most likely scenarios for the development of the sector are considered to be 
continued ‘niche development’ for 5-10 years, followed by a ‘focus on liquid 
fuels’, and / or a ‘dash for gas power’. 

• 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 met, 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.  
 

Trials Tech status  Economics CCS Scenarios Climate Conclusions Basics Conclusions 



1
6

/0
5

/2
0

1
3

        slid
e  4

9
 

Conclusions 3: Prognosis 

• In the near term (to 2020)  

– financing UCG will remain difficult because of limited knowledge and 
confidence and high regulatory and market risk.  

– Deployment of UCG in the power sector is likely to be dominated by co-firing 
approaches, with limited CCS application (most likely in EOR markets). 

– Liquid fuels production (scenario 2) may dominate demonstration schemes 

• In the medium term (in the 2020s)  

– success of commercial demonstrations might ameliorate those problems, 
but rapid growth likely to be hampered by skills shortages.  

– CCS integration might be demonstrated commercially on this timescale. 

– Rising gas prices may make power sector uses (scenario 3) more common 

• In the longer term (2030 onwards) 

– All the scenarios may be plausible (but the extreme build rates of scenarios 4 
and 5 are unlikely unless earlier development proves more rapid than 
suggested above) 
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Conclusions 4: 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 CCS.   

• The effective linkage of UCG with CCS has yet to be fully technically proven, and 
could add significantly to the costs of UCG, especially for full CCS. 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.  
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Conclusions 5: Implications for climate and carbon storage 

• As a result of the limitations of CCS integration, the climate impacts of any 
significant deployment of UCG are likely to be substantial and negative 
(potentially 3-10 Gt-CO2 pa by 2050). 

• Low-cost commercialisation is likely to act to further discourage effective 
political support for climate mitigation in countries where UCG then contributes 
to energy security and affordability. 

• 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. 

• Even partial CCS on large scale deployment of UCG would require the storage of 
significant amounts of CO2 (11-55 Gt-CO2 cumulative 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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