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“+*UCG Process

s Historical notes

< Site distribution
*General performance
+“+Technology variants

*Important considerations
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Growth of UCG cavity
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Breakage & increasgd permeability
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CSIRO

Water table
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There are variations on the technology that
may be applicable to specific sites:

*Vertical Wells

<+ Controlled Retracting Injection Point
« Steeply Dipping Bed
wParallel wells

& Tunnel
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*Environmental impacts

+Applications
Site selection
~»Potential problems

+Operating rules
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+The product gas can be used as a:
- oFUEL eg.

= |_ow emission electricity production

» Steam production

= Domestic use as town gas
oSYNTHESIS FEEDSTOCK eg.

= Production of chemicals (eq. fertilisers)

= Synthesis of liquid fuels (Fischer-Tropsch)
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Desirable site characteristics

oThick coal seam

oMinimal @mo_o.@_om_ discontinuities
oNo good water aquifers

oMinimal surface development

(eg. Ucﬂ_a_:@mm roads, etc) _

These provide the opportunity for a
safe and efficient UCG operation
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.
o

Poor understanding of the site features,
such as the coal seam layout and the
overburden properties, can result in poor
performance

Drilling errors, roof collapse and flooding
problems are generally related to site
characterisation errors

Aquifer contamination relates to selection
of an unsuitable site and/or unsuitable
operations
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<+CSIRO developed a suite of models for
prediction of the operational and environmental
performance of UCG sites and processes

“*In July 2006, these were transferred to a spin-
off company, now om__mn_ Carbon Energy

“+In June 2008, CSIRO sold out of Carbon Energy
and has no rights to use these models but
retains to other IP that was not transferred

s+»Carbon Energy is currently conducting a 100
day demonstration of technology and has
agreements relating to potential ammonia and
methanol synthesis applications
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UCG Process

Historical notes

Site distribution

General performance
Technology variants
Important considerations
Carbon Energy
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UCG Process - Growth

Land surface

AL

Growth of UCG cavity |
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UCG Process - Breakage

Land surface

r—— Water table ..o = e

-----

¥

Breakage & ingreased permeability

_ L

~ Some roof fall into UCG cavity
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UCG Process - Recovery

Land mc;mom Subsidence

Water table

;ﬁb §

} »ﬁaaﬁma i a

s o t.xsn T

2 T e AP 2

DAARERIA LAY




apIMplIOM
paijiseb usaq m>mc [EOD JO S9UUO] UOI|[IW G| JBAQ -

S313UNO0D 13YJ0 JO
._mn_Es: e pue adoing uIaISapn ‘YSN 9U) ‘So)e)S 19IN0S
ul pauwuoyad usaq aAey sjeld) [ejuswiadxa snoJswnp -

N sieak Qp J9A0 10}
uolun }9IA0S J2UI0} 9Y] JO SaLIJUNOD Ul suoijesado ajeos
-abue] ul pasn uaaq sey uonesyyiseb (oo punoibiapup .




Site distribution
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* There are variations on the technology
that may be applicable to specific sites:

* Vertical Wells
« Controlled Retracting Injection Point

» Steeply Dipping Bed
* Parallel wells
 Tunnel



Exhausted holes
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* The product gas can be used as a:

 FUEL eg.
 Electricity production
« Steam production
» Domestic use as town gas
« SYNTHESIS FEEDSTOCK eg.

« Production of chemicals (eg. fertilisers)
+ Synthesis of liquid fuels (Fischer-Tropsch)
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- Desirable site characteristics
* Thick coal seam
» Minimal geological discontinuities

» No good water aquifers
* Minimal surface development
* (eg. buildings, roads, etc)

~«These provide the opportunity for a safe and
efficient UCG operation
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* Poor understanding of the site features, such as the
coal seam layout and the overburden properties, can

result in poor performance

* Drilling errors, roof collapse and flooding problems are
generally related to site characterisation errors

« Aquifer contamination relates to selection of an
unsuitable site and/or unsuitable operations
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CSIRO developed a suite of models for prediction of the
operational and environmental performance of UCG

| sites and processes |
\ * In July 2006, these were transferred to a spin-off

R ngr
.,
L]

company, now called Carbon Energy
In June 2008, CSIRO sold out of Carbon Energy and has

\ no rights to use these models but retains other IP that

\ M M | “was not transferred
Carbon Energy is currently conducting a 100 day

i .
demonstration of technology and has agreements
relating to potential ammonia and methanol synthesis

\w applications
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* Chemical Engineer with a background in |
mathematical modelling of reaction processes

» Past employment: R&D roles in Pacific Power and
the Sugar Research Institute

 Joined CSIRO in 1999: Post-Doc modelling of
-Underground Coal Gasification project <<_5 CSIRO
Exploration & _<__:_3@

» Joined Energy Technology in 2007 to work on Coal-
to-Liquids research

CSIRO. Underground Coal Gasification: Technical Challenges
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ELECTRICITY

FUEL or LIQUID FUELS

COAL mmp SYNTHESIS™® o5,
GASIFICATION GAS =

!

CSIRO. Underground Coal Gasification: Technical Challenges
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Land surface

tHble

Water flow

St/

Growth of UCG cavity

CSIRO. Underground Coal Gasification: Technical Challenges
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Some roof fall into UCG cavity

CSIRO. Underground Coat Gasification: Technical Challenges
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CSIRO.

Underground Coal Gasification

Technical Challenges
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» Coal seam continuity

* Thick coal seams
 Moderate water influx

»Strong overburden <<_5 low
permeability

» Coal permeability sufficient to allow the
required gas flow

CSIR0. Underground Coal Gasification: Technical Challenges
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Different UCG techniques:
e Chamber

* Vertical Wells

« SDB (Steeply Dipping Bed) _

« CRIP .AOo:‘H_.,o__mQ Retracting Injection Point)
» Parallel Well CRIP _

CSIRO. Underground Coal Gasification: Technical Ghallenges
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Exhausted wells

Linking of wells can be through natural or artificially enhanced coal permeability or Qz__mm

CSIRO. Underground Coal Gasification: Technical Challenges
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CSIRQ. Undergreund Coal Gasification: Technical Challenges
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Developing models to predict the performance
for specific site & design combinations.

1. Demonstrate an understanding of UCG behaviour
2. Improve design, implementation and control
3. Evaluate suitability for different product gas uses

Later extended to encompass geological,
geotechnical & environmental modelling that

could provide better justification for site
selection (+ additional risk analysis & societal

attitude studies)

CSIRO. Underground Coal Gasification: Technical Challenges
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CSIRO. Underground Coal Gasification: Technical Challenges

Coal Model represent a lump
coal reacting with a hot gas

Included in the model are:

» Reactions
Gas diffusion
Water flow
Drying

Heat transfer

Coal structural osm:_@mm

Output is chiefly used in the
cavity model.

CSIRO
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o Experimental CH4
a Experimental CO

@mxummm._mﬁm_Im
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g

Experimental CO2
| Experimental N2
+ | | - |==Model CH4

_ | — Model CO

Model HZ
—Model CO2
—Model N2

25

20

e
(4
i

s
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L

oH

Gas concentration, volume%

10 15 20 25 3 35 40 45 50

Time into test, days |
Well-controlled and characterised sites are predictable

CSIRO. Underground Coeal Gasification: Technical Challenges
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S

Site identification
& characterisation

Groundwater &
surface impacts

Design &
Performance
modelling

CSIRO. Underground Coal Gasification: Technical Challenges
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Nesti

i80m
% ,
" $6m Direction of bum
: Coal seam dips at 2°

Module design 3 Modules for 400MWe
(Module life 2.3 years)

CSIRO. Underground Coal Gasification: Technical Challenges
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CSIRO. Underground Coa! Gasification: Technical Challenges
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« Each site is unique
« all modelling must be repeated for the
specific size of the plant at the actual site
* UCG plants can be engineered to be
environmentally sound & operationally
efficient

~<Experimental demonstration was too
expensive

« commercial partner sought and a spin-off
created (Carbon Energy)

CSIRO. Underground Coal Gasification: .._.mo::mnm_ Challenges
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Our commercial spin-off, Carbon Energy, has
performed a successful demonstration based on the
CSIRO project. While we continue to support their
activities, the future success of UCG appears to be
more linked to commercial and government support

Longer term important challenges:

« efficient installation of instrumentation for large sites

* maintaining consistent operation without
environmental problems

CSIRO. Underground Coal Gasification: Technical Challenges
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UCG has the typical coal utilisation concerns of
gaseous emissions, such as Greenhouse emissions,
but some more novel problems as well.

Problems that have occurred at past sites are:
* Extreme subsidence
« Groundwater depletion
» Groundwater contamination |
- Construction/Geological Interpretation errors
« Poor process control | |
Some examples of these follow...
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*Total of 11m of coal at 39-55m depth

Photo courtesy of Wyoming DEQ
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Source: Blinderman & Fidler, Water in Mining 2003
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Alcorisa, Spain |
-Well drilled under the coal seam

-Undefined fault leaked gas between go_ reactors

Technical Challenges
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The bulk of the problems arise from:
» Mechanical failures; |

- Cheap geological evaluation;

* Poor site selection; &

*» [nappropriate o_omq.m::@ conditions.

Largely, these can be addressed Hsﬁocm:
improved project planning but the past failures
have introduced uncertainty about the
technology that could be addressed by
establishing guidelines and a better scientific
understanding of the processes involved.
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Performance is site sensitive,
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but some control is possible

CSIRO




\ N S T
¥ SIsnjusIos ‘sueronijod AIUNWWOD
UHSRLIOO'T | pu01651 0) s1eusg-
SoAjjeuls)je Jspeg. [BIo1IBUSq
uolnjewuojul jo Ajljiqeljoy. Aj|e)uswiuoIAUT.
| 1S0De S)jauaq JIWOUOI e
Joedwl |BlJUSWUOIIAUT. uonesi|in

| Aljojeg.|  |eoo Jo Aem Japage.

' SUJ92U09 dAI}I9dSs0Id 99N JO sljsuayg

:o_.mm._ 3y} ut 59N 10} |enjudjod ayj} jo uoissnosIp e Jdjje
uoibal ay) wouy o1qnd ayj jo staquisaw Aq pasied SoNss|




	IPS FOI Cover page Docs 7-8
	This document was created in response to a Freedom of Information request made to CSIRO.
	FOI Number: FOI2016/29

	FOI 2016-29 - Documents 7 - 8



