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ANLECR&D:
BROWN COAL R&D SCOPING STUDY

REPORT SUMMARY

A review of the current situation regarding thelisgition of brown coal in low emissions
power generation applications is presented. Dssons with stakeholders were held to
collate key R&D activities required to support leemissions power generation utilising
brown coal.

Research areas have been identified for utilisabbrbrown coal in power generation
applications involving carbon capture.

To achieve substantial reductions in the,@&missions from brown coal power generation
will require a combination of energy efficient dngi together with methods for the capture
and sequestration of GO Advances in these areas will also be applicabléhe current
brown coal fired power stations, many of which asgected to remain in operation for
several decades.

The research on coal drying should focus on theotiseeam fluidised bed drying technology
but also considering other alternatives.

Since future brown coal utilisation options withndoustion will almost certainly involve the
use of dry coal firing with either super-criticabrabustion with carbon capture or oxy-fuel
combustion and COremoval, research on the coal behaviour underetlesnbustion
conditions is required. This research should atdesh behaviour (slagging and fouling),
corrosion, and materials issues that would occudeunconditions of higher flame
temperatures and higher steam pressures.

Gasification with pre-combustion capture also pdesgi an option for low emissions power
generation. Improved catalysts for water shifttiems without the need for separate removal
of sulphurous species in the syn-gas prior to preklustion CQ@ combustion is desirable.
Although fluidised-bed gasification is usually pretd for reactive coals (such as Victorian
brown coals), entrained-flow gasification is cutigwidely practised. Activities to support
the evaluation of brown coals under entrained-fg@agification including ash behaviour are
also recommended

There are also opportunities to increase the psoreegration of carbon capture plant from
brown coal combustion to utilise the latent heatspnt in wet flue gases.

Issues associated with oxy-fuel combustion of brawaal would be covered by the Oxy-Fuel
ANLECR&D node; however, the option of oxy-fuel fig of a circulating fluidised-bed may
offer specific advantages for brown coal. In paiac the reduced peak temperatures may
reduce the slagging, fouling and corrosion issgss@ated with pf combustion.
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ACRONYMS AND ABBREVIATIONS

Acronym Definition

ACA Australian Coal Association

ANLEC Australian National Low Emissions Council
BCIA Brown Coal Innovation Australia

CCS Carbon Capture and Storage

CHTD Continuous Hydrothermal De-watering
CO2CRC Cooperative Research Centre for Greenhouse Gas Technologies
CPRS Carbon Pollution Reduction Scheme

CRC Cooperative Research Centre

CSIRO Commonwealth Scientific and Industrial Research Organisation
CTL Coal-To-Liquids

DICE direct injection coal engine

ECBM enhanced coal bed methane

ECT Environmental Clean Technologies Limited

ETIS Energy Technology Innovation Strategy

GHG Green House Gas

HRLT HRL Technology Pty Ltd

HTW High Temperature Winkler

IDGCC Integrated Drying and Gasification Combined Cycle
IER Ignite Energy Resources

IGCC Integrated Gasification Combined Cycle

IPH International Power Hazelwood

IPM International Power Mitsui

LETDF Low Emissions Technology Demonstration Fund
LVPCC Latrobe Valley Post Combustion Capture Project
MOU Memorandum of Understanding

MTE Mechanical Thermal Expression

PCC Post Combustion Capture

pf Pulverised Fuel

R&D Research and Development

RD&D Research, Development and Demonstration
SCW Super Critical Water

SECV State Electricity Commission of Victoria

SFBD Steam Fluidised Bed Drying

UBC Upgraded Brown Coal

HRL Technology Pty Ltd

HLC/2009/279
Page 6 of 51




ANLECR&D:
BROWN COAL R&D SCOPING STUDY

REPORT

1 INTRODUCTION

ANLECR&D is developing an Australian national pragr for collaborative low emission
coal R&D. The program will initially be funded %75 million each from the Federal
Government and the Australian Coal Association (AGxer a seven year period. The R&D
will be undertaken in ANLECR&D Research nodes ttaater the following technical areas:

*  Economic Studies

* Fundamentals

*  Brown Coal

e Capture Technologies (Oxy-Firing, Post CombustiaptGre, Gasification), and

e Carbon Storage.

The focus of the ANLECR&D program will be to fatdte early demonstration projects in
the 2015 to 2020 timeframe.

HRL Technology (HRLT) has been commissioned to @repa scoping study for
ANLECR&D covering activities related to Brown Coallhe scoping study is to provide a
review of the current situation regarding the séition of brown coal in power generation
applications involving carbon capture. The reviemnsiders the current global state of the
art, local issues, and gaps and opportunities.

The scope of the study specifically excludes otiyaplications for brown coal including
production of coal products or liquid fuels. Additally, brown coal activities associated
with oxy-fuel firing, post combustion capture arattwon capture, and geological storage will
be undertaken as part of separate reviews anceftiney are also outside the scope of this
study. It is noted that the gasification nodeaigjély focussed on entrained-flow gasification
technologies whereas the reactive nature of brosaiscfavours fluidised-bed gasification.
Consequently, brown coal gasification is addressethis report. The other nodes are
required to consider issues related to brown ctb$ation and in particular the Oxy-Firing
and Capture nodes.

The budget for the ANLECR&D brown coal activities about $1M per annum over seven
years.

The scope of activities to be covered in developimegBrown Coal Scoping Study include:
* Areview of the state of art:

e Update on operations of commercial and demonstrgiiojects and significant
pilot scale activities

HLC/2009/279
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*  The potential technical, market, economic, pubticeptability and legal barriers
that need to be addressed

« Australian issues that need to be addressed foucaessful demonstration
program in the 2015 — 2020 timeframe

0 Unique or unusual aspects related to Australianogement (fuel supply
iIssues, environmental legislation, etc)

0 Unique or world class Australian skill sets
0 Interfaces or linkages with international programs

From the above activities, focus areas and prexifor ANLECR&D will be identified to
develop work programs for utilisation of brown caal power generation applications
involving carbon capture.

2 BROWN COAL IN AUSTRALIA

Australia has about 24% of the world's economioueses of brown coal with substantial
brown coal deposits occurring in Victoria, Souths&alia and Western Australia. There is
over 100 billion tonnes of economically recoverabtewn coal resources, all of which is in
Victoria and over 90% in the Latrobe Valley, Gipgpsd!).

Brown coal is currently only mined in Victoria, WiB8% production (about 66 million tonnes
per annum) from the Latrobe Valley mines. The brawal is used mainly for the generation
of electricity in adjacent mine mouth power stasianth about 75% of Victoria’s generation
capacity of 9,000MW provided by brown coal firecamt. A small amount of dried brown
coal briquettes are also produced for industrial @mmestic use and for export. Some of the
briquettes are also converted to a char produchall8r Victorian brown coal deposits are
exploited in Anglesea (power generation) and Basdarsh (horticultural products).

At current utilisation rates, there is over 500 rgeaf brown coal resources available within
the Victorian Latrobe Valley.

There are also brown coal resources in the St Viiscand Murray Basins and around Pidinga
in South Australia and a number of deposits in sbhath east of Western Australia (at
Esperance, Scaddan, Salmon Gums and Balladonide Sbuth Australia and Western
Australia resources are of poor quality (high moist high ash, and high salt) and are
currently not commercially exploited although thame a number of proponents seeking to
utilise these coals, typically for coal-to-liquipgsojects.

For the purposes of this study the South Australiaigh Creek coals and the Western
Australian Collie coals are considered as low-rami-bituminous coals rather than as brown
coals.

[1]  Geoscience Australia (2008). “Australia’s Identified Mineral Resources”.

HLC/2009/279
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3 BROWN COAL UTILISATION IN VICTORIA

Brown coal is an important economic resource fartdia. Brown coal power generation
represents about 6,500 MW (about 75%) of installeghacity in Victoria and directly
employs around 1,300 people.

The location of the main coal areas in Victorigigesented in Figure 1.

[ Brown coal mine

‘ Brown coal less than 90m overburden
AN\ Brown coal minor deposits or deeply buried

8_74-’/,?/) Brown coal minor deposits (poorly defined)

Bacchus Marsh,
Q: ~
~

Otway Basin

Anglesea

Figure 1: Location of Brown Coal Resources and opating mines in Victoria.

The brown coal deposits occur in three major basifthe largest deposits are in the
Gippsland Basin, where the Latrobe Valley coalfieditains some of the thickest brown coal
seams in the world. The deposit is up to 330 roktleind is made up of 4 main seams,
separated by thin sand and clay beds. The Latvaliey is the centre of Victoria's electric

power generation industry with mine mouth powetictes located next to the Yallourn,

Hazelwood and Loy Yang mines. Some brown coallss dried and used for briquette
production for local industrial and domestic usd &or export.

Smaller brown coal deposits are also mined fromQhgay Basin at Anglesea, supplying a
small (150MW) adjacent power station. A small amtoaf Otway Basin coal is also mined at
Bacchus Marsh, mainly for fuel and soil conditianin

The coal seams in the Murray Basin are up to 4Gicktin some areas, but are buried
beneath 100 m of overburden. The high ash cordedt deep burial makes this coal
uneconomic under current conditions.

A summary of the Victorian coal reserves is preseéim Table 1.

HLC/2009/279
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Victorian brown coal production (2002) is presenied able 2. At current utilisation rates,
there is over 500 years of brown coal resourcesadla within the Victorian Latrobe Valley.

The average coal quality for the mined Victoriamlde presented in Table 3.

Table 1: Summary of Brown Coal Resources in Victoa

Basin and Area Quantity
[million tonnes]
Gippsland Basin
Latrobe Valley Depression 158,026
Moe-Yarragon 773
Stradbroke 3,700
Won Wron Boodyarn 288
Alberton 4,887
Gelliondale 5,200
Murray Basin
Kerang Deposits 19,599
Otway Basin
Bacchus Marsh-Altona 15,110 @
Anglesea 390
Total All Basins 207,973
Source: Gloe and Holdgate (1991) 2
(A): Except for a region near the western end of the deposit, most of this

coal is covered by 100 m of basalt

Table 2: Production from Victorian Coal Mines (2003

Basin and Mine - Production
(Million tonnes per annum)

Gippsland Basin (Latrobe Valley)

Loy Yang Open Cut 30.95

Yallourn Open Cut 15.65

Morwell Open Cut 18.98
Otway Basin

Anglesea Open Cut 1.07

Bacchus Marsh 0.03 [a]

[a]: production for 1997/1998

[2] G.S. Gloe and G.R Holdgate (1991) “Geology and Resources” in “The Science of Victorian
Brown Coal”, Dr R.A. Durie, Editor, Butterworth-Heinemann

HLC/2009/279
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Table 3: Average Coal Quality Data for Victorian Caals

Gippsland Basin (Latrobe Valley) Otway Basin
Property Yallourn Loy Yang Morwell Anglesea B&;ﬁgﬁs

Moisture (%oar) 66.5 62.8 61.3 46.4 60.5
Ash (%db) 1.7 1.3 3.0 3.8 7.4
Volatile Matter  (%db) 50.3 49.8 48.3 47.0 49.8
Fixed Carbon (%db) 48.0 48.9 48.7 49.2 42.8
Carbon (%db) 66.7 68.5 67.8 67.4 62.6
Hydrogen (%db) 4.7 4.8 4.8 4.8 4.5
Nitrogen (%db) 0.56 0.58 0.59 0.68 0.55
S total (%db) 0.28 0.38 0.33 2.85 1.74
Calorific Value

Net Wet MJ/kg 6.9 7.9 8.4 12.1 8.3

Gross Dry MJ/kg 26.1 26.2 26.4 274 25.6

Source: Gloe and Holdgate (1991) ¥

3.1 Major Users of Victorian Brown Coal

The current major users of Victorian Brown Coal lested below:

« Loy Yang Powel! operate the Loy Yang open-cut mine and Loy Yango#ver
station (4 units, total capacity of 2200 MWe). Ttation commenced operation
during the 1980s. The Loy Yang coal is also swggpto the adjacent Loy Yang B
power statiof’ and for use for briquette production by IndustEakrgy®’.

« International Power Mitsui (IPM§! operates the Loy Yang B power station. The
station has two units that produce a total of 18®8e of electricity using coal
from the adjacent Loy Yang open cut mine. Unibinmenced operation in 1993
and Unit 2 commenced operation in 1996.

«  TRUenergy® operate the Yallourn mine and Yallourn W PowettiSta(4, total
capacity of 1,480 MWe). The Yallourn W Power Statwas built in the 1970s.

« International Power-Hazelwood (IPH) operate the Morwell mine and the
adjacent Hazelwood Power Station. Eight units gerea total of 1,675 MWe,
consuming about 18 million tonnes of brown coalwally. The first unit was
commissioned in 1964 and the last units in 1971he Morwell coal is also
supplied to Energy Brix Australia for power genematand briquette production.

[3] www.loyyangpower.com.au. Accessed 17 September 2009.
[4]  ww.ipplc.com.au/Page.php?iPagelD=141. Accessed 17 September 2009.

[51 www.hrl.com.au. Industrial Energy markets briquettes manufactured in a co-generation plant
associated with the Energy Brix power station. Energy Brix Australia and Industrial Energy are
subsidiaries of HRL Limited

[6] www.truenergy.com.au/Production/Yallourn/index.xhtml. Accessed 17 September 2009.
[71  www.ipplc.com.au/Page.php?iPagelD=32. Accessed 17 September 2009.
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«  Energy Brix Australi&' operates the Morwell Power station (170 MWe cagjci
The associated co-generation plant is used for abging and briquette
production. The brown coal briquettes are markétgdndustrial Enerdy for
local industrial and domestic use and for expdihe briquettes are also supplied
to Australian Cha# for char manufacture.

e Alcoa of Australia Ltd operate a small brown copko cut mine and 150 MWe
power station located at Angles8anhich provides electricity for the company's
aluminium smelter located at Point Henry, near Gagl The station was
commissioned in 1969.

« The Maddingley Brown Coal Company produces a vemglsamount of coal at
Bacchus Marsh, mainly for fuel and soil conditianin This coal is from the
Otway Basin.

3.2 New Projects or Technologies Proposed for VictoriaBrown Coal

A number of new projects utilising Victorian Brow@oal are at various stages of
development or investigation:

* International Power-Hazelwood (IPH) is undertakagnine extension into the
Hazelwood West coalfield that holds 575 millionnes of reserves, sufficient to
supply the power station through to 2032. As pathe mine extension, IPH are
also undertaking studies with the objective of mdg CQ emissions by 30-40%
using a combination of coal drying, boiler and tneb upgrades and Post
Combustion Capture (PCC) of G(ee also Section 8.2).

« HRL Limited®® has been granted an Exploration Licence over thi&fidd
coalfield in the Latrobe Valley. HRL Limited has@a announced the “Dual Gas
Demonstration project” for the Latrobe Valley. $hproject will generate
550MW of electricity using syngas from their IDGCQntegrated Drying
Gasification and Combined Cycle) technology withunal gas as a start up and
supplementary fuel (see also Section 8.4).

«  Monash Energy Lt has been granted an Exploration Licence over tyienF
brown coal resource (approximately 18,000M tonnesthe Flynn/Gormandale
region near the Latrobe Valley Loy Yang mine. Msim&nergy proposes a Coal-
To-Liquids (CTL) project with coal drying (steamuiflised-bed drying) and
gasification (Shell Coal Gasification Process), poweneration and GQapture
and sequestration.

« Latrobe Fertilisers Holdings Limitét® are proposing a 1.2 million tpa urea
fertiliser plant in the Latrobe Valley. The plawill use coal gasification to
produce a syn-gas for ammonia production.

[8] www.auschar.com.au
[91 www.alcoa.com/australia/en/info_page/anglesea_overview.asp. Accessed 17 September 2009

[10] www.hrl.com.au
[11] www.monashenergy.com.au. Accessed 17 September 2009
[12] www.latrobefertilisers.com.au. Accessed 17 September 2009
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«  Environmental Clean Technologies (ECT) LimitE¥ are developing a brown
coal dewatering process that results in the praooluadf extruded brown coal
pellets with low moisture.

«  Exergen Pty Lt§* are developing their Continuous Hydrothermal Deeniag
(CHTD) process for the upgrading of brown coal®tigh energy efficient water
removal. A 200 — 350 tph demonstration dewateptant is proposed for the
Latrobe Valley.

+ Ignite Energy Resources (IER) Pty. I are developing a Super Critical Water
(SCW) reactor system to convert brown coal intohhiglued oil and coal
products. IER have entered into an MOU to devela@mmercial test plant for
its coal-to-oil technology at TRUenergy’s Yalloumine.

3.3 Use of Victorian Brown Coal in a Carbon ConstrainedWorld

Although the Latrobe Valley brown coal resourceaiduel source with low ash and low
sulphur, the coal has high moisture which contabub high C@emissions relative to black
coal and other fossil fuels.

Future utilisation of the brown coal resourcesgdower generation and other applications will
require the high C@emissions to be addressed. This will requireralioation of

* Increased efficiency of existing plant,

e The introduction of new low C{emissions technology to supplement and replace
existing generation, and

e Carbon capture and sequestration oLb,CO

The Latrobe Valley is in close proximity to carbsequestration sites located in depleted oil
and gas reservoirs in the Gippsland Basin (potecdipacity of 2,000 million tonnes of GO

or in deep saline aquifers in the Gippsland Bagotgntial capacity of 33,300 million tonnes
of CO,). For comparison, Victoria’s annual @emissions are about 122 million tonnes.

To take advantage of the extent of the brown cesburces available within the Victorian
Latrobe Valley (over 500 years of coal at curretiisation rates) and the availability of
carbon sequestration sites, the Victorian Goverringelso promoting the use of Latrobe
Valley coal as an export fuel though drying and rapgg of the coal or for use in the
production of liquid fuels via gasification or ditdiquefaction.

The Victorian Government has provided significanahcial support for the introduction of
low emissions and Carbon Capture and Storage témjiae into Victoria. These include

[13] www.ectltd.com.au. Accessed 17 September 2009
[14] www.exergen.com.au. Accessed 17 September 2009

[15] www.igniteer.com. Accessed 17 September 2009
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* Energy Technology Innovation Strategy 1 (ETIS 1)

$180 million was provided which leveraged a furtf&r6 billion in private and public
sector funding. The projects related to brown aoeluded

0 $50 million to HRL Limited for a $750 million 400 W IDGCC plant. The
federal government also contributed $100 millioonir the Low Emissions
Technology Demonstration Fund (LETDF).

o $30 million to International Power Hazelwood to dep a new large scale coal
drying and combustion plant and a 25 tonne percdalyon capture demonstration
plant. The project is valued at $370 million. Tihederal Government has also
contributed $50 million from the LETDF.

o $12 million for Brown Coal Research and Developn@rdnts including research
in technologies for coal drying, carbon capturey-tuel combustion and
efficiency improvements.

o $1.2 million for Brown Coal Research and Developtndtost Doctoral
Fellowships.

o $6 million for a Carbon Dioxide storage trial (gegsestration) in the Otway
Basin.

* Energy Technology Innovation Strategy 2 (ETIS 2)

Under the Carbon Capture and Storage fund, theoNart Government has provided
$110 million over six years in support of largeiecgre-commercial carbon capture
and storage demonstration projects. The projdutsild be capable of capturing at
least 600,000tpa of GO This funding is to support Victorian applicatsofor flagship

projects under the $2 billion CCS Flagships Progradministered by the Department
of Resources, Energy and Tourism. Applicationstfe ETIS 2 projects closed in
September 2009 and successful projects are torimiaoed in the first quarter, 2010.

The Victorian Government has also made applicatimder the Commonwealth CCS
Flagship Program for the development of the VietorCarbonNet Project for Carbon Capture
and Sequestration. The CarbonNet Project is alipgp@&etwork to take COfrom point
sources in the Latrobe Valley for sequestratiomgigin-shore and off-shore sites located in
the depleted oil and gas reservoirs in the GippsBasin. The Victorian CarbonNet Project
is described in further detail in Section 8.1.

3.4 Brown Coal Innovation Australia (BCIA)

The Victorian Government has recently announced $ilbon in funding for clean coal
research related to brown coal utilisation to bkvdeed through a new organisation, Brown
Coal Innovation Australia (BCIA}®!.

[16] www.premier.vic.gov.au/minister-for-energy-resources/$16-million-for-new-clean-coal-research-
announced.html. Accessed 25 Aug 2009
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BCIA will be an independent company establisheshémage these new funds and will have a
board appointed from industry and research orgaaoisa A key role for the BCIA is to
secure funding from ANLEC, other R&D grant prograam industry for Victorian brown
coal research projects with a focus on low emisslmown coal technology.

The BCIA funding builds on a previous allocation wiore than $9 million under the
Victorian Government Energy Technology Innovatiottategy (ETIS) program that has
supported brown coal research in Victoria overléisé four years.

It is expected that the BCIA activities would beo&der than ANLECR&D’s scope and
include upgrading of brown coal for export of driedal and coal products, production of
liquid fuels and fertilisers, in addition to low &sions power generation.

Coordination of the ANLECR&D program for Brown Coalth other funding sources, such
as the Victorian Government BCIA, will be essentmbrder to maximise the benefit of the
brown coal research programs.

4 BROWN COAL IN SOUTH AUSTRALIA AND WESTERN AUSTRALIA

There are currently no commercial operations utidjs South Australian or Western
Australian brown coals. Several projects are undepus levels of investigation that involve
the production of liquid fuels through either cqalrolysis or gasification. None of these
projects have power generation as the principaldand, therefore, are outside the scope of
the ANLECR&D program.

The typical analysis of South Australian low-ramals is presented in Table 4.

Table 4: Typical analysis of South Australian low-ank brown coals

Coal Basin Moisture| Ash Volatile | Fixed |Calorific] Total |Chlorine| Sodium

and Content | Yield matter | Carbon | Value |[Sulphur in Ash
Deposit Name [Yoar] [Yoar] [Yoar] [Yoar] | [MJ/kg] [Yoar] [Yoar] [Yowt]
Northern St Vincent Basin
Bowmans 56 6 21 17 10.6 2.2 0.67 11
Clinton 53 9 18 20 9.4 1.9 na 16
Whitwarta 55 12 19 14 9.4 2.6 na 9
Lochiel 61 6 19 14 9.1 1.1 0.2 7

Murray Basin

Anna 54 11 21 14 9.9 1.8 na 2
Sedan 58 9 19 14 9.4 2.3 0.08 3
Kingston 53 7 22 18 10.6 15 0.11 6
Moorlands 55 9 18 18 9.9 1.8 0.14 3

Source: South Australian Department of Primary Industries and Resources "

[17] “Coal Resources in South Australia”
http://www.pir.sa.gov.au/pages/minerals/resources/commodity/images/coal_resources_sa.pdf
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The South Australian low rank coals are generaighhn moisture, sulphur, sodium and
chlorine. Current activities involving these coialslude:

* Syngas Ltd are proposing a Coal-to-Liquid (CTL) jpod utilising the South
Australian Clinton lignite deposit and a Siemensifggzr.

* Hybrid Energy Australiawww.hybridenergyaustralia.com)are undertaking a
technical evaluation of a Coal To Liquids projestng gasification to exploit the
lignite resource located in the Kingston area imtsa@east South Australia.

There are substantial deposits of poor quality itggmesources located in south-eastern
Western Australia. These are generally charae@s high moisture, high sulphur, high ash
and high salt. Current activities involving thesals include:

* Blackham Resources Ltdvjvw.blackhamresources.cgrand Wesfarmers Premier
Coal Ltd’s 70/30 Scaddan Energy Joint Venture lespieted a scoping study on
the potential of producing Urea and Methanol at$caddan Energy Project near
Esperance, in south-east WA.

» Spitfire Oil Ltd (vww.spitfireoil.con) is developing a low temperature pyrolysis
process with Curtin University to exploit the Salm@ums lignite deposit in south-
east WA.

* West Australian Metals Ltdnww.wametals.com.githas an exploration tenement
near Scaddan (south-east WA) and is considerirogbto-liquids project.

5 STAKEHOLDERS

To deliver the objectives of the scoping study, H&dnsulted with key stakeholders with
interests in the utilisation brown coal. Theseluded Victorian Government and other
bodies, Victorian Power Generators, Academic reseas, applied research organisations.

These included

*  Wyld group(Bruce Godfrey)
*  Victorian GovernmentRrank Larkins; Peter Redlich; Leigh Clemow; Alana Herz)

e Monash University $ankar Bhattacharya; Alan Chafee; Tam Sridhar; Paul Webley;
Andrew Hoadley; Rod Hill; Kerry Pratt, Vincent Verheyen)

e CO2CRC / University of MelbourneGeoff Sevens;, Sandra Kentish; Barry
Hopper)

e Yallourn Mark Pearson; Seve Pascoe; Geoff Gay)

* LYA (Richard Elkington; Roland Davies; Barry Dungey; Chris Badger)
* IPRA (Gary Smith)

e CSIRO pavid Brockway; John Carras; Phil Schwartz)

*  HRL DevelopmentsTerry Johnson, Alf Ottrey)
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6 THE STATE OF ART FOR BROWN COAL UTILISATION
6.1 Introduction

Brown coal is typically utilised close to wheredtmined due to the high moisture content,
which makes it inefficient to transport. When dridorown coal has a propensity for
spontaneous combustion and risks of dust explasemd to be considered. Therefore, the
utilisation of brown coals has been almost exckisivas a fuel for mine mouth power
generation using pulverised fuel boiler technolegién Australia, such technology has been
used since the 1920s and is still in use todaywBrcoal can also be successfully transported
and stored in a dried lump briquetted form withueet risks of dust explosions and self
heating.

There have been significant improvements througltresses in efficiency and

implementation of new technologies to mitigate emwnental impact.  However,

technologies for power generation from brown ceahain the least efficient with the highest
greenhouse gas emissions. The low efficiency ofvhrcoal relates to the high moisture
content of the fuel.

The most efficient Latrobe Valley power station basefficiency of about 29 percent (higher
heating value basis) for a coal moisture conterddfpercent. The efficiency of the older
brown coal generation units in Victoria is loweflhe comparable efficiency for a power
station utilising low moisture high-rank (black)ats is about 37 percent.

A major challenge for the brown coal industry wilierefore, be to remain competitive with
other power generation technologies after impleatent of a Carbon Pollution Reduction
Scheme (CPRS).

To meet challenges facing the brown coal indudtmgre will be a need to develop new
technologies for processing brown coals and to @mgint state of the art technologies.

The objective of this section is to present a neved the status of commercial brown coal
technologies for power generation with particulaeus on state of the art technologies. The
review focuses on coal drying, pulverised fuel castlon technologies and gasification
technologies. The status of major commercial aecha@hstration projects and significant
pilot scale activities are also presented.

6.2 RWE BoA Technology with WTA Fluidised Bed Drying

The state of the art in both brown coal fired costlmn and brown coal drying is RWE
Power’s brown coal-fired optimised plant technoldgpbreviated in German as BoA) with
WTA Fluidised Bed predrying.

6.2.1 RWE BoA Technology

Technology Status (for Brown Coal):
1000MW plant brown-coal fired supercritical plant commissioned in 2003 in
Niederaussem, Germany.

Status in Australia (for Brown Coal):
No supercritical brown-coal fired plants are operating in Australia although there are
super critical black coal stations. The Hazelwood 2030 project is evaluating new
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technologies that could lead to the introduction of ultra-supercritical boilers utilising
dried brown coal.

A supercritical plant utilising the BoA technologwithout brown coal predrying) was
commissioned in Niederaussem, Germany in 2003.ch&matic of the plant is presented in
Figure 2. The efficiency of the 1000MW plant whetilising 52% moisture coal is around
38% HHYV, which is considerably higher than a LoyngaA Power station utilising the same
(52% moisture) coal, for which the efficiency woudd around 309, Contributing factors

to the increased efficiency are listed below. Fhprovement in efficiency due to each factor
IS also included:

*  Supercritical operation at higher temperature (&8308nd pressure (275 bar) to
increase turbine efficiency and output (1.3% imgroent)

* Improved heat recovery (0.9%) and process optimisdt..1%)
* Improved turbine (1.7%) and cooling tower desigd%4)
* Reduced auxiliary power requirements (1.3%)
The technology also provides improved environmep¢aiormance through:
* Reduced NOx formation through optimisation of busne

* Removal of over 99.9% of dust from the flue gasngshigh efficiency
electrostatic precipitators

*  Flue gas desulphurisation using lime

Figure 2. Schematic of RWE’s BoA optimised plant tehnology brown coal fired
technology (without brown coal predrying) !

[18] RWE Power: Brochure — The Niederaussem Coal Innovation Centre,
http://www.rwe.com/web/cms/en/235578/rwe-power-ag/media-center/lignite
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The increased efficiency for the BoA Niederaussdamtprelative to the technology used in
the Latrobe Valley (Loy Yang A) is presented in urig3*®. For a feed coal of a given
moisture content, the improvement in efficiencyngsRWE’s BoA technology is around 7-
8%.

Figure 3 also illustrates the influence of coal stiaie content on power plant efficiency. For
Loy Yang A, the plant efficiency for combustion af62% moisture coal is around 28%
(HHV Basis). If the coal was dried to a moistuomtent in the range 10-20% then the plant
efficiency would be improved to around 33%. Thightights the potential efficiency
improvements that could be attained through préndrgf the coal prior to combustion. Coal
drying is discussed in more detail in the followseggtions.

Note: The efficiency improvement to the existing Loy Yang plant by utilising dry coal is
theoretical. The current plant is not designed for utilising low moisture coals and generally a
lower moisture limit of ~50% is suggested as a practical limit. Utilising of low moisture
content coals would change the temperature distribution within the boiler and require
changes to the burners, boiler design and heat exchangers. Higher gas temperatures would
be expected to increase the extent of ash slagging and fouling within the boiler. Research and
development work will be required to ensure successful utilisation of dried Victorian brown
coal in specifically designed supercritical boilers.
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Figure 3. Influence of Coal Moisture Content on Powr Plant Efficiency for the
Niederaussem BoA plant (Germany) and Loy Yang A Poer Station (Victoria) ™!

[19] From presentation by Richard Elkington, Loy Yang Power, Assessing Options to Develop a
Lower Greenhouse Footprint
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6.2.2 WTA Fluidised Bed Drying

Technology Status (for Brown Coal):
110 tonne per hour (dried coal) fine-grained demonstration fluidised bed drying plant
incorporated in the 1000MW plant brown-coal fired supercritical plant in Niederaussem,
Germany.

Status in Australia (for Brown Coal):
70 tonne per hour fine-grained fluidised bed drying demonstration plant proposed by
International Power Hazelwood (IPH) for incorporation into Hazelwood Power Station.

Steam Fluidised Bed Drying (SFBD) was originallyented at Monash University (Victoria)

by Professor Potter in the 1970’s. The originaBBFconcept consisted of cascading
multistage dryers with heat recovery between etatpes Since the drying is performed in a
steam atmosphere, it is inherently safe comparedsiog hot air as the drying medium,
reducing the risks of fires and explosions.

SFBD was further developed by the East Germangyuwsisingle drying stage that led to the
construction of several test and pilot plants idelg the 20 tonne/hour dry coal plant built in
1992 at Loy Yang A Power Station, Victoria by Rhesun and Lurgi. Although technically

successful, the dried coal was expensive comparexdilable alternatives (ie dried brown
coal briquettes, natural gas).

A variant of the SFBD drying technology is now ievelopment that utilises -2 mm particles.

This variant is called fine-grained fluidised bedidg and offers the advantages of higher
heat transfer coefficients and shorter solids srsid time in the dryer. It is claimed that the
cost of the dryer plant and auxiliaries will beuedd to 40% of the original concept. The use
of a vapour recompression cycle allows recoverythef latent heat of vaporisation and,

therefore, high efficiency.

RWE now offer the WTA®! SFBD drying technology in a number of variant®arse grain
or fine grain, with or without vapour recompressdh

A demonstration of the WTA fine-grained fluidisededb drying technology is being
implemented at the RWE BoA Niederaussem plant. Aé&t required for this process is
extracted from the low-pressure steam from the BoA The moisture content of the coal is
reduced from over 50% to 12% wet basis. It isnc&d that for brown coal fired plants using
100% WTA dried coal, the efficiency will increasg 5-6 percentage points. For the RWE
BoA technology applied to German brown coals wiB#bmoisture this would equate to an
efficiency of a dried coal fired plant of about 488k Victorian brown coals have a higher
moisture content and the efficiency improvement b lower since more energy would be
required to dry the coal to the same moisture level

The Niederaussem fine-grained fluidised bed drglagonstration plant processes about 20-
30% of the feed brown coal to the station. Thendyyplant has a raw coal throughput of
210 t/h and an evaporation capacity of 100 t/h.gufd 4 presents a schematic of the

[20] WTA is a German abbreviation meaning fluidized-bed drying with internal waste heat utilization

[21] RWE Power Brochure. The WTA technology. An Advanced Method of Processing and Drying
Lignite. www.rwe.com
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implementation of the WTA drying in the BoA planhile Figure 5 presents a schematic of
the WTA process as implemented at Niederaussem.

Significant advantages of the fine-grained fluidi®ed drying technology are:

* High efficiency due to low operating temperatured atilisation of the energy of
the evaporated coal water

»  Safe operation due to drying in an inert atmosphere
*  Compact design (reduced capital costs)

A fine-grained WTA plant without vapour utilisatiomas been proposed by International
Power Hazelwood (IPH) for incorporation into Hazeb®dl Power Station as part of their
program to extend the plant life beyond the ye&@020The demonstration unit to be installed
on one of the Hazelwood boilers will process aro@id@tph of raw coal to produce around
70t/hr of dried coal.

Steam fluidised-bed drying is also an option beiagsidered for coal drying for the Latrobe
Valley projects proposed by Monash Enéfdy(Coal To Liquids) and Latrobe Fertilisers
Holdings Limited™? (urea production).

Predrying Boiler
(WTA) -

Heating steam from : L
turbine bleeding E Flue gas

Vapour for Fluidized-
boiler feedwater -E1 bed drier
preheating

Raw coal

|

Condensate Dry coal

Figure 4. The BoA process with brown coal predrying™®
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Raw lignite 0-80 mm Vapour electrostatic precipitator Vapour to atmosphere

Raw-lignite fine milling ‘ I
. \/ ) Boiler feedwater
<
Dryer Vapour condenser
" Circulation fan
é Vapour condensate
I

Dry-ignite cooler

Auxiliary steam

for heating Dry-lignite secondary milling W Dry lignite 0-1 mm

Condensate

Figure 5. Schematic of the WTA fine-grained procesas implemented at Niederaussefff!

6.3 Other Coal Drying and Dewatering Technologies

The high moisture contents of brown coals signifigaimpact on the efficiency and thus
environmental performance. A large amount of nedeand development has thus been
directed at reducing the moisture content of broeomls. The moisture reduction
technologies can be broadly classified into threénmeategories:

*  Evaporative drying;
. Hydro-thermal (non-evaporative drying); and
*  Other non-evaporative dewatering processes.

Comprehensive summaries of these drying and dewgtéechniques are widely available
(see, for example, Refs. [23] and [24]).

As described in the above section, WTA fine graidedng can be considered as state of the
art in coal drying. Other technologies which anerently in use or under development at the
demonstration scale are presented below.

[22] RWE Power: Brochure — WTA Technology,
http://www.rwe.com/web/cms/en/235578/rwe-power-ag/media-center/lignite

[23] Durie, R.A. 1991. The Science of Victorian Brown Coal: Structure, Properties and
Consequences for Utilisation. ed. R.A. Durie. Oxford: Butterworth-Heinemann Ltd.

[24] Pikon, J., Drying of Coal, in Handbook of Industrial Drying, A.S. Mujumdar, Editor. 1995, Marcel
Dekker: New York. 977-1006.
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6.3.1 Integrated Flash Mill Hot Gas Drying

Technology Status (for Brown Coal):
Commercial

Status in Australia (for Brown Coal):
Practised in all Latrobe Valley power stations utilising brown coals.

In Victorian brown coal power stations, the coaleisaporatively dried by hot combustion
gases in integrated mill/drying systems. In thecpss, coal is milled and dried
simultaneously while entrained in a flow of hotyeled flue gas. The energy requirements
are high, in the order of 3.2 - 4.5 J per kg of removed water.

Flash mill drying was developed and commercialise@ermany in the 1930s and trialled in
Victorian brown coal power stations in the late @§/8”. Although it is a well-established
technology it still must be considered in a disaus®on state of the art technologies as it
widely used today and has been implemented in R\Mate of the art BoA process.

6.3.2 USDOE Lignite Fuel Enhancement Project

Technology Status (for Brown Coal):
75 tph Demonstration plant at Great River Energy’s Coal Creek Station, North Dakota

Status in Australia (for Brown Coal):
Unknown. Expect concern regarding fire explosion hazards.

The Lignite Fuel Enhancement Project (LFES) is & p&s DOE funded $US26M project
being demonstrated at Great River Energy’s 546 MyslCreek Station in North Dakdta.
The process uses waste heat from the power stdimtenser to heat ambient air that is used
for low temperature and partial drying of ligniteat in a fluidised-bed. The demonstration
plant began operation in 2006, processing 75 tpltoal (14 percent of total fuel rate)
reducing the coal moisture content from 40% to 30%isture. This corresponds to a
moisture removal of about 23kg/100kg dry coal.thi technology was applied to Latrobe
Valley brown coals, the reduction would be compkrab reducing the coal moisture content
from 60% to 56%, which would result in about 1%@éincy improvement. Higher levels of
moisture could be achieved if some of the waste imeloiler flue gas were recovered. For
reactive brown coals, risks associated with duptasibility and self heating when using air
as the drying medium would need to be addressed.

6.3.3 Mechanical Thermal Expression (MTE)

Technology Status (for Brown Coal):
Demonstrated by RWE as 25 tph batch operation at Niederaussem power station,
Germany. RWE decided to focus on steam drying and this work was discontinued.

Status in Australia (for Brown Coal):
Developed by CRC for Clean Power from Lignite leading to the construction and

[25] Davy McKee (1984) Comparison of Technologies for Brown Coal Drying

[26] Allardice, D.J. (2000). The Utilisation of Low Rank Coals. The Australian Coal Review, (10),
40-46.

[27] Lignite Drying at Great River Energy's Coal Creek Station,
http://mydocs.epri.com/docs/public/000000000001013060.pdf
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operation of a 15 tpd demonstration plant at Loy Yang A Power Station, Victoria in
2008. No further development work planned.

MTE is a non-evaporative dewatering process whisiolves the application of mechanical
pressure (1-10 MPa) at moderate temperature (160200 press the coal against a filter
and ‘squeeze’ the water in liquid form from the IcoMoisture reductions of up to 70% are
achievable. Relative to evaporative drying techeg] the energy requirements for MTE are
low, around 500 kJ per kg of water removed. Tlysates to approximately 20% of the
energy required in an evaporative process witha#t mecovery and therefore would be
amongst the most energy efficient brown coal desiregerocesses®!.

Investigation of the MTE process was initiated e tmid 1990’s in Germany using a
commercial flat-bed press commonly used in chiptboaanufacture to dewater brown coal.
The technology concept was proven and a 25 tonoetftemonstration plant constructed and
commissioned at the Niederaussem power stationem@&ny by RWE?. Although the
technology has been proven successful, it hase®t bnplemented at commercial scale and
RWE has focussed development on the WTA dryingrteldyy (see Section 6.2.2).

The CRC for Clean Power from Lignite investigatedlB/in parallel to the German

program®®. Whereas the German flat-bed press technology avhatch process with a
12 minute residence time, the CRC process was semiinuous. Following laboratory and
pilot-scale programs, a 15 tpd demonstration phaag constructed in Victoria at Loy Yang A
Power Station in 2008 for the production of driedldor use in power generation. Currently,
no further development work on this technologyleped.

6.3.4 Upgraded Brown Coal (UBC)

Technology Status (for Brown Coal):
600 tph dry coal demonstration plant commissioned in South Kalimantan, Indonesia in
December 2008. Project expected to run until March 2010.

Status in Australia (for Brown Coal):
6 tpd slurry dewatering process incorporated in the brown coal liguefaction (BCL) pilot
plant, Victoria, 1987 to 1990.

The UBC process is a continuous solvent de-watepirogess, developed by Japan Coal
Energy Center (J-Coal) and Kobe Steel, Ltd. Thecess is derived from the 6 tpd slurry
dewatering process at the BCL (brown coal liquedagtpilot plant in the Latrobe Valley,
Victoria that operated during 1987 to 1990.

The UBC process is shown in Figure 6. The progessrporates vapour recompression of
the evaporated water to improve the efficiency e process (by recovering the water
vapour’s latent heat).

The coal is slurried with a solvent (light oil oefosene), which is then sent to an evaporator
where the water is evaporated. The evaporatoratggerat around 140°C and 350 kPa.
Because of the low temperature and pressure dtliaglrying stage no coal decomposition

[28] MclIntosh, M.J. and D.Q. Huynh 2005. Pre-drying of High Moisture Content Australian Brown
Coal for Power Generation, 22nd Annual International Coal Preparation and Aggregate
Processing Exhibition and Conference - Upgrading Low Rank Coals Symposium. May 2-5.
Lexington, USA. 323-337.
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reactions occur, reducing waste water treatmentessghat exist with MTE and higher
temperature coal upgrading processes. The skiggntrifuged to recover the majority of the
solvent and the centrifuge cake is then dried steam tube dryer to recover the remaining
solvent. The dried coal is briquetted for shipmémtreduce difficulties with dust and
spontaneous combustion of the product. Asphaillisis added during the slurry making stage.
The asphalt coats the pores in the dried coal, lwlicclaimed to reduce the moisture re-
absorption of the dried product and the spontaneomgustion propensity.

Kobe Steel began development of the UBC Proced993, applying the slurry dewatering
technology from coal liquefaction. A 3-tpd plamgenated in Java, Indonesia in 2004. A 600
tonne dried coal demonstration plant was subsetyubailt in South Kalimantan, Indonesia
for a total investment of approximately AUD$100lioih. The plant began operations in
December 2008 and will continue until March 20Zhe UBC demonstration project has the
support of Japan's Ministry of Economy Trade ardugtry through the Japan Coal Energy
Centre (J-Coal), with Kobe Steel contributing éshinological expertise.

Following completion of the demonstration prograapital and operating costs for the UBC
process will become available and therefore thepsgitiveness of this drying technology for
utilisation in Australia can be evaluated.

Coal _1 Recycle oil

Slurry dewatering

—

Slurmy making
Coal/Oil separation
{Centrifuge)
Condensate il rece
(Waste water) f’é‘ﬁl e 71

o
Recycle oil L Recycle oll
1) + o

7t UBC product
F o W -
LIBC briquetting

L
UBC product
L (Briguette )

Figure 6: Processing scheme for the UBC Upgraded@&vn Coal.
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6.4 Brown Coal Gasification

Technology Status (for Brown Coal):
A number of technology vendors provide a range of gasification options although the
use of gasification solely for power generation is limited. Utilisation of brown coal
requires coal drying prior to gasification.

Status in Australia (for Brown Coal):
IDGCC is a low cost gasification option for power generation applications.
Demonstrated at the 10MW scale.

Gasification is a proven technology, with over &dnenercial operations of at least 328MW
equivalent outpuf?. Table 5 lists the 30 largest commercial gadificaprojects around the
world. The list highlights that there are few coarmal gasification plants being used for
power generation and even fewer operations usiogvorcoal as the feed material. The
majority of gasification operations use the syngasiuced for chemical production. This is
highlighted in Figure 7 which presents the disttidnu of uses for syngas produced from

gasification process.

Table 5. Largest 30 commercial gasification projest?®..

Gasification Location Gasification Qutput Startup Feed/Product

Plant Owner Technology (MW equiv.) Year

Sasol-1I South Africa Lurgi dry ash 4130 1977 Subbituminous coal/F-T liquids
Sasol-111 South Africa Lurgi dry ash 4130 1982 Subbituminous coal/F-T liquids
Respol/Iberdrola Spain ChevronTexaco 1654 2004 Vacuum residue/electricity

Dakota Gasification Company United States Lurgi dry ash 1545 1984 Lignite and refinery residue/SNG
SARLUX srl Italy ChevronTexaco 1067 2000 Visbreaker residue/electricity and Hy
Shell MDA Sdn. Bhd. Malaysia Shell 1032 1993 Natural gas/mid-distillates

Linde AG Germany Shell 984 1997 Visbreaker residue/H; and methanol
ISAB Energy Italy ChevronTexaco 982 1999 ROSE asphalt/electricity and Hy
Sasol-1 South Africa Lurgi dry ash 911 1955 Subbituminous coal/F-T liquids

Total France/EdF/ Texaco France ChevronTexaco 895 2003 Fuel oil/electricity and Ha
Unspecified owner United States ChevronTexaco 656 1979 Natural gas/methanol and CO

Shell Nederland Raffinaderij BV The Netherlands ~ Shell 637 1997 Visbreaker residue/H; and electricity
SUV/EGT Czech Republic Lurgi dry ash 636 1996 Coal/electricity and steam

Chinese Petroleum Corporation Taiwan ChevronTexaco 621 1984 Bitumen/Hj and CO

Hydro Agri Brunshiittel Germany Shell 613 1978 Heavy vacuum residue/ammonia
Public Service of Indiana United States E-Cas (Destec) 591 1995 Bituminous coal/electricity

VEBA Chemie AG Germany Shell 588 1973 Vacuum residue/ammonia and methanol
Elcogas SA Spain Prenflow 588 1997 Coal and petcoke/electricity

Motiva Enterprises LLC United States ChevronTexaco 558 1999 Fluid petrcoke/electricity and steam
API Raffineria di Anocona S.p.A.  [taly ChevronTexaco 496 1999 Visbreaker residue/electricity
Chempoetrol a.s. Czech Republic Shell 492 1971 Vacuum residue/ammonia and methanol
Demkolec BV Netherlands Shell 466 1994 Bituminous coal/electricity

Tampa Electric Company United States ChevronTexaco 455 1996 Coal/electricity

Ultrafertil S.A. Brazil Shell 451 1979 Asphalt residue/ammonia

Shanghai Pacific Chemical Corp.  China ChevronTexaco 439 1995 Anthracite/methanol and town gas
Exxon USA, Inc. United States ChevronTexaco 436 2000 Petcoke/electricity and syngas
Shanghai Pacific Chemical Corp.  China IGT U-GAS 410 1994 Bituminous coal/fuel gas and town gas
Gujarat National Fertilizer Co. India ChevronTexaco 405 1982 Refinery residue/ammonia and methanol
Esso Singapore Pty. Led. Singapore ChevronTexaco 364 2000 Residual oil/electricity and Hy
Quimigal Adubos Portugal Shell 328 1984 Vacuum residue/ammonia

Note: F-T, Fischer-Tropsch synthesis; SNG, synthetic natural gas.

(29]

Miller B.G. (2004), Coal Energy Systems, Academic Press

HRL Technology Pty Ltd
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Figure 7. Distribution of gasification applications!®®.

The Great Plains Synfuels Plant in Dakota, USA @sses 18,000 tons of lignite per day for
the production of synthetic natural ¢& A High Temperature Winkler (HTW) gasification
brown coal gasification plant operated at Berrdnribm 1986 to 1997 for methanol
synthesis gas productibty.

A major reason for the trend in the use of syngaschemicals or liquid fuels production is

that power is a low value product and thereforespiadl returns on investment will be low.

Chemicals and liquid fuels represent higher valtgpcts and thus the potential return on
investment is considerably greater compared tasigeof syngas for power production.

Nearly all of the commercial gasification plante dxased on oxygen-blown entrained-flow
gasification. A notable exception for power pratituc from lignite is Sokolovskd uhelna
(Vresova, Czech Republic). Dried brown coal isifgas in 26 Lurgi fixed bed gasifiers.
Following syn-gas treatment, there is 400 MW of powgeneration using gas
turbine/combined cycle. Options to replace thegLgasifiers with fluidised-bed gasifiers
was explored in the late 1990’s/early 2000’s aseams to reduce issues associated with tars
generated from the Lurgi gasifidf8. More recently, the tar issue has been addrelsged
gasification using a 170MWSiemens entrained flow gasifier.

RWE have announced plans to build a 450MW intedrajasification combined cycle
(IGCC) plant with CO2 capture, transportation atatage (CCS). The IGCC power plant
will be constructed on the Goldenbergwerk site uretth, near Cologne and use local lignite

[30] Dakota Gasification Company. www.dakotagas.com. Accessed August 2009.

[31] High Temperature Winkler (HTW) Coal Gasification. A Fully Developed Process for Methanol
and Electricity Production. http://www.gasification.org/Docs/Conferences/1998/GTC9808P.pdf.
Accessed August 2009.

[32] HTW Fluidized-Bed Gasification for 400MW IGCC Power Plant, Vresova — Czech Republic.
http://www.qgasification.org/Docs/Conferences/2000/Gtc00300.pdf
Accessed August 2009.
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resource§?. The preferred gasification technology is enediflow gasification with HTW
as a back-up.

RWE’s HTW gasification technology is exclusivelyfered through Uhde. Uhde also offer
the Prenflo entrained-flow gasification technola@md licence the TEXACO coal/water slurry
feed gasification systelif".

6.4.1 Integrated Drying and Gasification Combined Cycle (IDGCC)

Technology Status (for Brown Coal):
10MW-scale IDGCC Coal Gasification Development Facility (CGDF) operated 1996 to
1998 in Morwell, Victoria. Proposals for construction of a 400MW scale commercial
demonstration well developed.

Status in Australia (for Brown Coal):
see above.

A gasification technology which does have poterfballow cost power generation from low
rank coals is Integrated Drying and Gasificationm®med Cycle (IDGCC). IDGCC is a
pressurised air blown fluidised bed technology Whionverts brown coal into a syngas. The
integrated drying concept involves drying of thealcwith hot fuel gas exiting from the
gasifier. This approach also results in coolinghaf fuel gas. Integration of the coal drying
and gas cooling operations provides substantialsansngs whilst achieving high efficiencies
through the combined cycle. A schematic of the @Stechnology, which is being
developed by HRE!?, is presented in Figure 8.

The IDGCC technology has been proven at the 10Malesc

HRL Limited has also announced the “Dual Gas Dernmatisn project” for the Latrobe
Valley. This project will generate 550MW of elacity using syngas from their IDGCC
technology with natural gas as a start up and sapghtary fuel. The project is approaching
commercial closure and is planned to be operatibpa2012-13*. IDGCC is expected to
deliver a 30 per cent reduction in carbon dioxidassions and a 50 per cent reduction in
water usage compared with the best brown coal-fa@der generation plant in operation in
the Latrobe Valley, Victoria.

IDGCC is also discussed in Section 8.4.

[33] RWE Press Release: Site decision has been made: RWE plans to build a power plant in Huerth
featuring coal gasification and CO2 capture
http://www.rwe.com/web/cms/mediablob/en/78734/data/0/7532/PM-RWE-AG-CCS-
Entscheidung-EN.pdf
Accessed August 2009.

[34] Uhde brochure: Prenflo Gasification.
http://www.sheddenuhde.com/UploadFiles/4d/4d6e09bd-6a47-452d-b4el-a65f4fe82fas.pdf
Accessed August 2009.

[35]
http://www.dpi.vic.gov.au/DPIl/dpinenergy.nsf/LinkView/C89C9C21CF5F048DCA2574F200258
1844CAC723B1D538D66CA25740C000D2004/$file/DPI_Coal.pdf
Accessed August 2009.
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Figure 8: Schematic of HRL's IDGCC proces$*®

6.5 Oxy-Fuel Combustion

Technology Status (for Brown Coal):
30 MW thermal Oxy-Fuel pilot plant in operation at Schwarze Pumpe, Germany using
dried lignite.

Status in Australia (for Brown Coal):
Study on Oxy-Fuel retrofit to Latrobe Valley brown coal-fired boilers

Oxy-Fuel combustion, along with post-combustiontaeg pre-combustion capture, is one of
three carbon capture technologies under investigaby ANLECR&D. In Oxy-Fuel
combustion, the coal is burnt in oxygen and reaydiee gas. Since the products of
combustion are predominately® and CQ, after cooling of the flue gas and water removal,
the flue gas is almost entirely GOThe CQ can be liquefied by compressing the remaining
CO; rich flue gas without the need of a capture system

There are currently no commercially operating OxyelFcombustion plants although there are
a number of operating pilot plants and small dertratiens. Vattenfall commissioned a
30MW Oxy-fuel pilot plant for use with brown coat &chwarze Pumpe, Germany in
September 2008". The initial test programme will run for threeays. This project will
also investigate possibilities of storing €@ deep saline formations.

Unit 4 of CS Energy’s Callide A Power Station imtral Queensland{] is being retrofitted
to allow 30MW demonstration of Oxy-Fuel. This demtration will use sub-bituminous
coal.

[36] Johnson, T.R. (2003) Future Options for Brown Coal based Electricity Generation — the Role of
IDGCC, ANZSES Destination Renewables Conference, Melbourne

[37] http://www.vattenfall.com/www/co2_en/co2 en/879177tbd/879211pilot/index.jsp
Accessed August 2009.

[38] http://www.callideoxyfuel.com/
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In Victoria, there is a collaborative Oxy-Fuel rassh project funded under the Victorian
Government ETIS program and involving the Latroladl&y generators and researchers from
Monash University and HRL Technology. The projsaxamining the option of retro-fitting
of the Oxy-Fuel cycle to the existing Latrobe Vwlleoal-fired power stations. Both
experimental studies of coal pyrolysis and comioastinder Oxy-Fuel conditions and process
modelling of the integration of the Oxy-Fuel cytteexisting Latrobe Valley coal-fired power
stations are being performed. The evaluation giugpose-designed Oxy-Fuel plant is
currently not within the scope of the ETIS project.

It is not known if oxy-fuel combustion is more caaffective for CQ capture than post
combustion CQ capture; however, a plant running oxy-fuel comimusts committed to full
CO, capture. The option of partial GQ@apturing and sequestration is possible with post
combustion C@capture.

7 COMMERCIAL SCALE COST DRIVERS.

There a number of factors that will influence thastcof implementation of low emissions
power generation technologies. These include

* Project Capital and Financing costs
» Operating and Maintenance costs

e Emissions Trading (CPRS)

* Legislative requirements

There will also be costs involved to achieve thepuneed specification of the CO2 quality for
transport and storage and the commercial arrangsrf@mnCQ transport and storage.

Project costs will also be influenced by how thanplwill operate within a contestable

electricity market — for example if the plant isdperate as base-load, load following or two-
shifting. Decisions would need to be made reggrdih operation of energy intensive

auxiliary plant associated with carbon capture. tiAtes of high power demand and high
power prices, commercial returns may take preceslener carbon capture and the decision
may be to turn down or turn off the capture plant accept the costs associated with
emissions trading. The cyclic nature of operatimuld place additional requirements on the
plant design and plant life which would need tacbesidered.

Quantifying the relative cost of these and how thesy effect operation of commercial scale
plant is difficult and beyond the scope of thisdstuhowever, these issues will be common to
all coal-fired power generators.

The key cost driver which makes utilisation of browoal different to black coals is the high
inherent moisture content of the low rank coalsic®the brown coals are dried, the relative
costs for power generation would be comparabldaokicoals although consideration of the
different ash behaviour is required.

Therefore, the development of low cost and highciefficy coal drying technologies is
essential for brown coal to be competitive agautetk coals.
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8 STATUS OF MAJOR AUSTRALIAN BROWN COAL GENERATION
PROJECTS WITH LOW EMISSION TECHNOLOGIES

8.1 Victorian CarbonNet Project for Carbon Capture and Sequestration>®!

The Victorian Government is committed to the depeilent of carbon capture and storage as
part of the transition to a low emissions futuiidhe Victorian Government’s commitment has
been demonstrated through the funding of low emmssidemonstration projects under the
Energy Technology Innovation Strategy (ETIS) 1 amate recently the ETIS 2 $110 million
Carbon Capture and Storage (CCS) fund to suppogedscale, pre-commercial carbon
capture and storage demonstration projects.

The Victorian Government is encouraging the devalemt of a multi-user CCS network to
enable Victoria to maintain its generation of loastbase load electricity and leverage the
potential for other energy applications from broegal (ie dried and upgraded coal products,
liquid fuels and fertilisers). The CCS network Ividke advantage of the large potential for
CO, sequestration sites in depleted oil and gas ressrand in saline aquifers located in the
Gippsland Basin.

The Victorian Government’s approach includes wagkiollaboratively with the private
sector to bring together clusters of CCS initiagiwver time to form the foundation of the
CCS Network. The Victorian CarbonNet concept faptare, transport and sequestration of
CO; is presented in Figure 9. Features of the coroeptde

e Collection of CQ from carbon capture plants located at point emssburces in
the Latrobe Valley, including power generation aegv coal based industries

*  Pipeline transport of C£Xo onshore and offshore injection sites in thepSignd
basin.

« Potential for sequestration of G@elivered from other states

* Potential for delivery of C®to sequestration sites in other Basins.

[39] This section is based largely on material provided by Dr Peter Redlich, Director, Energy
Technology Innovation, Department of Primary Industries, Victoria
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Figure 9: The Victorian CarbonNet concept for
capture, transport and sequestration of CQ.

Development of the integrated CCS network overrtagt ten years (and beyond) will be
based on the staged development of a commercialr@@®rk incorporating key foundation

projects which will not only accelerate commerdS technology development but also
drive network scale.

The network would be scaled up and expanded torpocate large scale offshore carbon
storage for Victoria’s needs, and potentially tpart the needs of other states as required.

It is envisaged that Victoria’s CCS network willvedop progressively over the next ten years
and beyond, which would broadly incorporate:

* Finalisation of a clear and strong CCS enablingrenment, including onshore
injection and storage legislation and regulationspilace and onshore acreage
licences allocated.

« Early foundation elements defined and under devedy - capture,
transportation and onshore storage including ssbtgde€TIS CCS projects,
detailed onshore acreage exploration and developnteimk transportation
infrastructure route defined and approvals securdtshore assessments in
progress.

* Early foundation elements operating and offshomragfe under development,
including definition and evaluation of sequestratsites,
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 Expansion and scaling up (as required) of the neétwas additional CCS
initiatives link in.

* Network expansion to incorporate other offshoreagje basins and potentially to
accommodate carbon transportation and storagedthar states (if required).

Large scale CCS demonstration projects (integratesgtparate capture or storage) will be key
early stage network foundation projects.

The learnings generated from these projects wdlsasn building Victoria’s technical and
commercial knowledge and expertise in CCS, and auippommercial deployment and
expansion of the CCS network in Victoria.

8.2 Hazelwood 2030 Project

Hazelwood Power consists of nominally 8 x 200 MVgawty boilers commissioned between
1964 and 1971. The Hazelwood 2030 Project aimextend the plant life to 2030 through
retro-fit of low emission technology to take adaye of the available coal reserves.

The project is valued at $370 million and is supgdrby $50 million from the Federal
Government's Low Emissions Technology Developmeahd=(LETDF) and $30 million
from the Victorian Government’s Energy Technologgdvation Strategy (ETIS) funding.

The two main components of the Hazelwood 2030 Brajee:
(a) Coal Drying Component:

IPH plan to pre-dry coal using RWE's WTA fine graiftuidised-bed dryer (see
Section 6.2.2). In the demonstration stage, thierdwill supply 50% of the fuel to Unit 1.
The Unit 1 boiler will be modified to burn coal Witl2-15% moisture instead of 62%
moisture. This technology is currently being dentiaisd in the most efficient new
brown coal fired power plant in Germany, Niederaunss

IPH is also proposing to add feedwater heatersapehivood Units 1 and 2 to recover
waste heat from the flue gas to improve plant efficy; this energy would otherwise be
lost to the atmosphere.

The Hazelwood Unit 1 turbines will also be replaedth upgraded turbines, including
steam tapping points for the fluidised bed driét.the same time, the Hazelwood Unit 2
turbines will be replaced for possible future WTaNout.

These modifications will be expected to achiev®@@ Z G, reduction.
(b) “Pilot” CO, Capture Component:

Capture of 25 tpd CfO(saleable to 50 tpd) using amine based technotomy a slip
stream of flue gas from Hazelwood Unit 8 (Unit 7 50 tpd) is being tested.

The CQ will be used in a refurbished carbonation planiréat ash water and chemically
sequestering C£as an inert substance (namely calcium carbonate).
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The overall objective of the Hazelwood 2030 Projiscto obtain technical and financial
confidence to support construction of an 800 MWeaJSupercritical boiler technology using
dried brown coal firing with a 30% reduction in grdiouse gas emissions.

8.3 Latrobe Valley Post Combustion Capture Project (LVRCC), Victoria

The Latrobe Valley Post Combustion Capture Profe®tPCC) is developing technologies
for post-combustion capture from the brown coall-fioad power stations in the Latrobe
Valley. The LVPCC involves International Power yL¥ang Power, CO2CRC and CSIRO
and is partly funded by the Victorian Governmentiemthe ETIS Brown Coal R&D fund.
Pilot-scale activities are being performed at Hapeld Power Station and at Loy Yang
Power Station.

The post-combustion project at Hazelwood Poweri@tas being led by the CO2CRC. This
project overlaps with the Capture Component ofHlaeelwood 2030 Project. The CO2CRC
is testing a range of solvents and different precesnfigurations. In addition, post-
combustion using adsorbent and membrane technelagebeing developed using purpose-
built rigs.

The post-combustion project at Loy Yang Power 8tais being led by CSIRO. CSIRO have
installed a mobile pilot post-combustion capturelity that is capturing around 1000 tpa of
CO,. A range of solvents for C&apture are being examined.

Both projects do not involve plants that have fhas desulphurisation or DENOX installed.
The pilot scale activities allow operational datal &xperience with brown coal flue gas to be
obtained that has high moisture contents compardabhtk coal combustion. These activities
are being supported by programs covering

* Laboratory research for new solvents,

» Laboratory and field research on gas separatiorgas@bsorption technologies,

» Laboratory and field research on solid adsorbemtisaasorption technologies,

»  Testing of commercially available and new solvantthe Loy Yang Power and
International Power-Hazelwood sites

« Assessment of PCC process and energy integratimongpand

* Review of technical and economic viability of conmgial use of PCC for existing
and new Victorian brown coal power stations.

The Loy Yang Pilot Plant was commissioned in Ma@&0
8.4 HRL Integrated Drying Gasification and Combined Cyde (IDGCC) project
See also Section 6.4.1.

HRL ™ proposes to develop a large commercial scale, @l power generation project
in the Latrobe Valley, Victoria using their Intetgd Drying Gasification and Combined
Cycle (IDGCC) technology. This project will genesda50MW of electricity using syngas
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from their IDGCC technology with natural gas astatsup and supplementary fuel. The
project is supported by $100 million from the FedeGovernment’s Low Emissions

Technology Development Fund (LETDF) and $50 millfoom the Victorian Government’s

Energy Technology Innovation Strategy (ETIS) furgdin

The IDGCC technology has been designed for use wih low rank brown coals. The
technology uses the hot syngas from the gasificgtiant to dry brown coal which is then
used as a feedstock for the gasifier. The dryinghef coal cools the syngas, adds to the
vapour content in the gas hence increasing the ftagf gas through the combined cycle
power plant. It is estimated that the technologlf weduce emissions by about 30 per cent
and require about 50 per cent less water than cdiovel power generation.

At this stage, it is not proposed that pre-comloms@€Q capture will be implemented. HRL
is working with the CO2CRC in the evaluation of £&pture systems with support from the
Victorian ETIS program.

9 STAKE HOLDERS SESSIONS: KEY ISSUES TO BE ADDRESSED

The objective of the ANLECR&D program for brown tas to support flag-ship projects
with low emissions power generation. Discussionth stake holders allowed issues of
importance to be raised for consideration as gattis scoping document.

The issues raised with the stake holders have belatted and arranged into several broad
themes as listed below.

It is recognised that existing brown coal-fired gowstations have a high greenhouse gas
(GHG) emission intensity relative to black coalshatural gas. During the transition to new
technologies with lower greenhouse gas emissiansity, existing brown coal-fired power
stations will continue to operate and thereforeédhis a need to develop and implement
technologies to reduce emissions from this source

This can be achieved by either:

* Increasing the efficiency of existing plant througitremental improvements
including the brown coal dewatering in an enerdicieint manner; and,

* Use of carbon capture and sequestration of. CO
9.1 Brown Coal Drying

In all stake holders’ sessions, coal drying wase@ias the key challenge to improving the
efficiency of utilisation of Victorian brown coahiexisting and new plant. Issues related to
coal drying raised during the stake holders sessimiuded:

Industry Expert on Coal Drying

Several groups raised the need for an industryrexpenaintain a watch on current and
developing coal drying technologies and trends. @&kgert would also act as the single
contact for evaluation of new approaches or restiees regularly promoted by
researchers and entrepreneurs.
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Seam Fluidised-Bed Coal Drying (see also Section 6.2.2)

Steam Fluidised-Bed Drying (SFBD) is consideredaapractical technology for coal
drying at large scale. Steam fluidised-bed dryhéprown coal was initially invented by
Professor O E Potter at Monash University in théQl® although further development
and commercialisation occurred in Germany. Intéonal Power Hazelwood have
proposed the use of RWE's ‘fine grain fluidised-beéder with integrated waste-heat
recovery’ as part of their program to extend thanpllife to 2030. RWE’s steam
fluidised-bed drying technology has also been pseddfor the Monash Energy coal-to-
liquids project at Loy Yang and for CTL gasificatiqorojects proposed for lignite
resources in both South Australia and Western Aliatr

By using a vapour recompression cycle, there is ptgential to recover the evaporated
water from SFBD as a condensate that is suitablmflustrial use.

There is a need to develop local expertise in stidaicised-bed drying to support these
projects.

The option of using alternative (renewable) heairses for coal drying was also raised.
For example, the use of solar energy or geothesoaices to provide the low grade steam
for steam fluidised-bed drying rather than ext@cif steam from coal-fired boilers.

The use of the hot-air Prototype Fluidised Bed (Dsgler being demonstrated at the
Great River Energy Coal Creek Station under theD@¥ Clean Coal Power Initiative

was not raised as an option for the Latrobe Vabeywn coals. Compared to steam
fluidised bed drying, the hot air dryer has inceshsisks of fires and dust explosions,
particularly for the reactive Victorian brown coals

Other Drying Technologies
e Kobe UBC “Upgraded Brown Coal” process (see alsti&e 6.3.4)

UBC is a solvent dewatering process first demotedfraat the Brown Coal

Liguefaction plant in Victorian (BCLV). An evapdnee process, energy and water
recovery is achieved using a vapour recompressyatec A 600 tonnes per day
drying and briguetting demonstration plant has beenstructed in Kalimantan,

Indonesia. Operations of the demonstration plagah in December 2008 and will
continue until March 2010.

The current focus of the UBC dewatering process igpgrade low ash, high moisture
content coals to a dry product with high calorialue for use as an alternative to
thermal coals. For the UBC product to be acceptesl processing cost (cost of coal
plus cost of dryingplus cost of briquetting) must be less than the cosa ¢iermal
coal.

The results of the current demonstration programKalimantan, Indonesia will
determine if the UBC solvent dewatering process witergy and water recovery will
produce a product that is competitive against ttatlermal coals.

The UBC process may also have merit as an alteenatal drying technology for
mine-mouth coal-fired power plants. In this cdbke,use of a briquetting plant would
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not be required as there would be minimal needtfamsport or briquetting of the
dried coal.

Overall, it would be expected that the UBC processild have higher capital and
operating cost compared to steam fluidised-bedhdryalthough UBC process would
have an advantage of higher heat transfer coetticiand therefore reduced drying
residence time and smaller reactor size.

Liaison with Kobe Steel on the status of the UBGwWH be maintained.

An independent evaluation of the technology for wsth Victorian brown coals
should be undertaken to provide a comparison agsieam fluidised-bed drying.

» Entrained Flow Drying/Flash Drying

The Victorian brown coal power stations, use hahloostion gases recycled from the
furnace in an integrated mill/drying systems. He process, coal is milled and dried
simultaneously.

The entrained flow drying technology developed bRLHas part of its IDGCC
technology is a low capital cost option for drywegt fuels. By using the hot syn-gas
as the drying medium, the fire and explosion riskagiated with use of hot air are
avoided.

The main advantage of entrained-flow drying is |ld# capital cost although the
technology is suitable only for milled particlesLl3mm) and the short residence time
(typically <1 second) may limit the extent of drgin

Are there other situations that entrained-flow dgyican be used for low cost coal
drying? Entrained-flow drying could be used totiadly dry brown coal to reduce the
drying burden of more costly dryers. For examfile,combination of entrained-flow
pre-drying followed by steam fluidised-bed dryingyroffer reduced capital costs or
higher throughputs.

* Mechanical-Thermal Expression (MTE) (see also $adi3.3)

This non-evaporative dewatering technology was esiibfl to 14 years of
investigation and development by the CRC for LownlR&oals and the CRC for
Clean Power from Lignite leading to the construttaf a 15 tonnes per hour pilot
plant at Loy Yang. Following completion of the gi#scale program further
development has been halted. German developmenWT&E has also ceased.
Although energy efficient for water removal, thene a number of engineering and
cost hurdles to be overcome before this technotagybe realised.

MTE was not considered worthy of further investigatin the medium term.
Coal Drying Fundamentals

The development of a ‘break-through’ drying teclogyli may be achieved through an
improved understanding of the relationships betwbercoal structure, surface properties
and the water within the coal. Processes whichltr@s the collapse of pores within the
coal or elimination of oxygen functional groups aasult in irreversible shrinkage and
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therefore loss of coal moisture. Research on tindgdmental changes that occur to the
coal during steam-fluidised-bed drying, MTE, pymy and carbonisation, and
hydrothermal dewatering have assisted in optinusadif these processes from a scientific
basis. Further work on brown coal fundamentateagiired.

Integration of Brown Coal Drying with CO, Capture.

There may be some unique opportunities for heagmtion of CQ post combustion
capture plants with coal drying plants. Althoughist activity overlaps with the
ANLECR&D carbon capture node, brown coal combusptant have very high levels of
moisture in the flue gas which makes this differenblack coal plant. The opportunity
for optimisation of brown coal drying circuits wigfost combustion carbon capture plants
was raised in several meetings.

Some issues raised by the CO2CRC/ Melbourne Uniyenslude

e The high water content of brown coal requires adrebnsideration. An energy
efficient capture design will only be possible lietwater balance throughout the
entire power station and capture plant is optimiSguecifically, how can best use
be made of the latent heat of water as it passesdh the capture plant? Is it best
to remove all of the coal water through coal drymgare there benefits from
retaining some water in the system? The CO2CRC Ibdliene University are
addressing some of these issues as part of cueszdrch activities.

* The flue gas temperatures in brown coal capturehaye relative to other fuel
sources. How can these high temperatures bestdggated into a capture process
to minimize total energy consumption? The CO2CR{@elbourne University are
addressing some of these issues as part of cuesgdrch activities.

Any process which allows recovery of the latentth&lawater in the flue gases from
brown coal combustion will achieve significant ei@incy improvements. The most
beneficial way of recovery of the latent heat oftevavould likely be for coal drying.

Therefore, innovation and optimisation of the ollezaal drying-utilisation-capture cycle
is required.

9.2 Brown Coal Upgrading and Beneficiation

There have been a number of processes that havepoeposed for upgrading of brown
coals. Typically the upgrading involves removahudisture and collapse of the coal porosity
to reduce moisture holding capacity of the coalom®& coal upgrading technologies also
increase the coal rank through elimination of thggen contained within the coal structure.

Examples have included the Evans-Siemon hydrotHedewatering process developed
originally at Melbourne University and piloted aetl tonne per hour scale by SECV/HRL in
the early 1990’s. Exergen is currently develomngariant of this process called “Continuous
Hydrothermal De-watering (CHTD)” in the Latrobe \égl™.

Utilisation of a dewatered and upgraded brown qwalides the potential of increased
efficiency and reduced G@missions. Modelling is required to determine dkierall energy
balances to ensure there is a net benefit in thisation of an upgraded brown coal.
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Generally, it would be expected that productioranfupgraded brown coal is suited for the
export use rather then local use.

Upgrading of brown coal requires a fundamental wtdaeding of the relationship between
coal structure and surface properties.

Coal upgrading and beneficiation would also be ireguas part of the development of
directly fired engines or carbon fuel cells (seettea 9.5.4).

9.3 Technology Exchange and Capacity Building
9.3.1 Commercialisation pathway for new projects

The most recent brown coal fired power plants i@ tiatrobe Valley (Loy Yang B) were
commissioned in 1993 (Unit 1) and 1996 (Unit 2).

The former SECV R&D and Design departments provittexd design basis for brown coal
fired power plant based on a detailed understandlirige combustion behaviour of Victorian
brown coal following extensive laboratory and p#aile trials. This level of Victorian
engineering support for new power plant developsenho longer available. It is likely that
future plants will use OEM technologies rather thspecific technologies developed
for/around Victorian Brown Coal. History has deraated that when overseas technologies
are applied to Victorian brown coal, inevitably plems arise. This is because Victorian
brown coal is unique and local expertise is requtceadapt the technology and to solve the
problems.

It was generally considered that there is a lackuatible science and engineering expertise in
brown coal to ensure that new technologies carubeessfully introduced. There is a need to
increase training in appropriate discipline areas.

9.3.2 Building Networks

The Victorian brown coal industry is small and #fere it is important that where possible,
the industry leverages off other brown coal R&Dihaties being undertaken elsewhere, for
example in the Germany, Japan, US, etc. Developwfenetworks and relationships with
active research groups and technology providersldhae encouraged.

Encouraging exchange of technical personnel, center attendance and preparation of
annual ‘state-of-the-art’ reviews on various aspeof brown coal utilisation were all
suggested.

9.3.3 Post-Graduate Training / Education

In several of the sessions, a concern was raisedtahe lack of suitably trained post-
graduates with detailed knowledge of brown coatrsme and technologies, particularly as the
industry is about to embrace a range of new tedgies including fluidised-bed coal drying,
supercritical combustion, gasification, coal upgngtbeneficiation, etc.

With the demise of the CRC for Low Rank Coals / CleCClean Power from Lignite, there

has been little publicly funded RD&D specificallpdussed on brown coal technology.
Although the Victorian ETIS program is supportingme post-graduate and post-doctoral
programs, these cover a broad range of areas wiyhaofew projects covering fundamentals
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of brown coal technology. Overall, university regdg and training capacity has shrunk
drastically owing to the lack of funding opportues.

It was noted that universities are finding it difflt to attract postgraduate students into R&D
projects involving brown coal due to competitioorfr other research areas, for example
biotechnology. Similarly, without a significant manitment to funding into brown-coal
related R&D, it is difficult to attract suitableast to lead projects.

Melbourne University noted that there were plansddViasters course by course work in
Energy Technology. This program could have a browoad component.

It was also identified that there is a need to asprove the public perception of the risks

associated with new coal technologies, particularigund CQ capture and storage. This

could involve increasing the training and awarer@sscience and engineering professionals
of the various issues related to new coal technedognd CCS to provide informed debate.

9.4 Costing Methodology

It was noted that cost studies are important ifuaseng the competitive advantage of new
technologies. It is difficult to compare the résudf engineering costs studies performed by
different groups within Australia or overseas sirsifferent costing methodologies and
assumptions are applied. Having a standardisedadelogy would allow comparison of the
technologies and a common basis. It is understibed CO2CRC has a developed a
standardised methodology for their costing studies.

Costing is a focus of the NLEC Economic Studiesenod
9.5 Advanced Power Generation Cycles

A number of advanced Power Generation cycles haea beveloped that offer the potential
for increased efficiency for low rank coals. Théseude fluidised bed gasification (IGCC
and IDGCC) or entrained flow gasification (IGCC)thvipre-combustion capture; ultra-
supercritical pf combustion with post combustioptoae (PCC) and sequestration; and oxy-
firing of ultra supercritical pf with sequestratiofhese technologies will need to be adapted
to meet the unique requirements of Victorian braveal, particularly with respect to coal
dewatering and ash behaviour.

IDGCC (See Section 6.4.1) has been specificallyelbgped for low rank coals and does not
require a separate coal drying stage prior tosatilon. The other cycles require a dried coal
feed to allow high efficiencies to be obtained #inerefore coal dewatering options must be
considered.

9.5.1 Gadification

Gasification is seen as a potential technologythier efficient utilisation of Victorian brown
coals for power generation and the production afggs for liquids and fertilisers production.

IDGCC, which integrates coal drying with syn-ga®letg, takes advantage of the high
moisture content of brown coal to provide a cytiattpromises relatively high efficiency at
low capital cost compared to alternative optioree (Section 8.4). Alternatively, the coal can
be dried separately prior to gasification.
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The following items were raised in conjunction wgasification:

The Latrobe Valley brown coal resource could be pedpto determine the best
prospective use for the resource. For example,

o coals with high gasification reactivity may be margtable for gasification
applications

o coals with lower moisture (ie deep coal seams) i@ymore suitable for
power generation using combustion cycles.

Although fluidised-bed gasification is expectedbi a better option for reactive
low rank coals, entrained flow gasifiers operatiafy higher temperatures
(>1300°C) have been commercialised for utility amgdlons. Monash
Energy [11] and Latrobe Fertilisers Limited [12kgsroposing the use of brown
coal with steam fluidised-bed drying (RWE [21]) asdttrained flow gasification
for the production of liquid fuels or fertiliserSteam fluidised-bed drying with
fluid-bed gasification or entrained flow gasificati could also be evaluated for
power generation. There is limited available infation on the gasification
characteristics of Latrobe Valley brown coals intr@med flow gasification.
Research into the ash behaviour under entrained fonditions is required.
CSIRO at Pinjarra Hills (QLD) operate a bench-scaeessurised high
temperature entrained flow reactor for entrainedvfigasification studies. This
facility complement’s HRL'’s pilot fluidised-bed cogasification unit' located
at Mulgrave (VIC).

In the Latrobe Valley, the current power generatjgants are mine-mouth
operations with little ability to control the qualiof the coal supplied to the
station. Advanced power generation systems, swasification plants, are likely
to be sensitive to fluctuations is coal quality {stare content, ash yield, ash
composition, slagging behaviour). The developmehton-line coal quality

analysers to monitor the coal quality and to tagprapriate real-time action to
minimise negative coal quality impacts is desirabléis could include rejection
of the coal, blending with higher quality coal, njang gasifier operation etc.
The use of on-line analysers is likely to be impottfor future management of
coal quality. Developments in this area would adtemefit existing and new
generation mine-mouth power stations.

Latrobe Valley coals have low sulphur content amereéfore the use of a low-
temperature Claus process for sulphur clean-up gasification is not justified.
The development of a warm gas sulphur removal taolgy is desirable,

particularly if the syn-gas is to be shifted to mmaise CQ removal for pre-

combustion capture (shift catalysts are sulphusiten).

There was discussion on the optimisation of syntgas brown coal gasification
for the production of liquids fuels or fertilisers. This may involve the
development of new catalysts or optimisation of fasification conditions to
achieve the appropriate syn-gas compositions. Sleslelopments may also
improve the removal of C{n pre-combustion capture.
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9.5.2 SuperCritical / Ultra-Supercritical Combustion

The 1,000 W Niederaussem supercritical plant ingBemm near Cologne, Germany
represents the current state of the art for browal power generation. In the future, steam-
fluidised bed coal drying will be used to substalhti increase efficiency. There are no
supercritical and ultra supercritical plants opegtwith Latrobe valley brown coal.
Evaluation of supercritical and ultra supercritiptdnts for use with Victorian brown coal is
required, particularly with dry coal firing. Issuthat need to be addressed include

e Firing with dried brown coal can yield higher flartemperatures and increased
potential for corrosion from alkali-rich ash.

o Do new materials/alloys need to be developed?
o Can flue gas recirculation be used to control gake temperatures?

« Evaluation of the combustion characteristics, fogilideposition propensity, and
deposit/slag-attack on advanced boiler materiatsgaseous emissions of brown
coals in the ultra super critical boiler techno&sgi

*  Economic evaluations to evaluate the benefit ofargl supercritical combustion
9.5.3 Oxy-Fuel Combustion

Some work examining the option of the retrofit ofyduel firing to the existing Latrobe
Valley boilers is being performed as part of aaodirative research project funded under the
Victorian Government ETIS program and involving thatrobe Valley generators and
researchers from Monash University and HRL Techgylo

These studies should be extended to include thebibty of a purpose designed oxy-fuel
ultra super-critical boiler operating on dry coaldllow comparison with a pf ultra super-
critical boiler (or fluidised-bed combustor) witlCE operating on dry coal.

The option of Oxy-CFB (oxygen firing of circulatirftuid-beds) should also be examined.
The lower peak temperature compared to pf comhustould overcome the problems
associated with high alkali ash. This activity Wwbbuild on the fundamental and pilot scale
CFB experience gained by the CRC for Clean PoweLifgnite. Fluid-bed combustion also
provides the option of co-firing with other fueladain particular biomass and wastes as a
means of reducing the greenhouse intensity of pgeeeration from brown coal.

9.5.4 Alternative Technologies
Two technologies identified by CSIRO for furthevastigation were

* The direct injection coal engine (DICE) which catsiof highly efficient large
diesel engines modified to use coal water fuels atiltsing PCC for carbon
capture and with subsequent storage. It is claithadDICE using a brown coal
water slurry would be cost competitive to a newesaptical plant with drying
and give a 40-45% reduction in @Over the best existing plants, and 25% over
the new technologies being developed with various$ of integrated drying.

HLC/2009/279
HRL Technology Pty Ltd Page 42 of 51



*  The Direct Carbon Fuel Cell promises efficienciésipto 80%. In these devices,
power is generated by elemental carbon partictemérsed in molten electrolyte)
and atmospheric oxygen. The coal is thermally dgamsing at low temperatures
yielding very reactive carbon and off-gas rich irydiogen and simple
hydrocarbons. The flue gas from the fuel celleampure CQ thus obviating the
need for capture prior to compression and storage.

Coal beneficiation is a key to the implementatidrhigh efficiency coal technologies. It is
important to clean or upgrade the coal only togkint necessary to achieve the coal quality
required for these technologies.

9.6 Optimisation of Usage of Brown Coal Resources.

Optimisation of the utilisation of the Latrobe \&fl coal resource was raised by several
groups.

Currently decisions on coal utilisation are basedély on the ease of mining and the fouling
potential of the coal for use in pf combustion pgan A more selective utilisation of the
resource may be more efficient. The Latrobe Vatieywn coal resource could be mapped to
determine optimum resource utilisation. For exangeep seam coals have a lower moisture
content and therefore provide the option of mofecieht power generation (although may
still requiring a dewatering step?). Some coaly imave high reactivity and therefore more
result in more efficient gasification. Other coatgy be more suitable for use in direct
liquefaction, production of specialist carbon produor manufacture of dried-coal briquettes
for export, or preparation of carbons.

Much of the coal quality information required farch mapping is currently available in coal
bore records.

9.7 Carbon Capture
Some of the issues raised related carbon captcitedied:

e Isit possible to divert some of the €i@to other products to reduce the amount of
CO, for sequestration - for example, capture of,@@th ash to form building
products? Any option that reduces the amount o} Géherated (for example
coal drying) or diverts some GOnto other product streams, reduces the total
amount of CQto be captured and sequestered.

e Combustion of brown coal results in a flue gas wiilgh moisture content
compared to black coals. An energy efficient,@@pture design will require the
water balance throughout the entire power statiod aapture plant to be
optimised. Specifically, how can best use be nwdbe latent heat of water as it
passes through the capture plant? Is it best tovenall of the coal moisture
through coal drying before utilisation or are théenefits from retaining some
water in the system?

 The flue gas temperatures in brown coal capturehaye relative to other fuel
sources. How can these high temperatures bestdggated into a capture process
to minimize total energy consumption?
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Desulphurisation is not practiced in Australia. WHwiill flue gases containing
(generally) low levels of NOx and SOx species bedhed in carbon capture
plant. Is a mild form of deNOx/deSOx prior to aajetrequired?

Latrobe Valley generators use ESPs for particuateoval. This may mean that
the flue gas to the GCapture plant may have higher particulate loads tinbag
house. What is the impact of particulates on, €@pture sorbents or solvents
(particularly since the fly ash may contain highdls of alkali species)?

Specification for pipeline quality COfor transport and storage required
(Capture/sequestration node issue)?

Sequestration into off-shore depleted oil fieldgusrently the best understood of
the sequestration options, but other options sacegquestration into aquifers and
deep coal seams hold promise.

o0 Mapping suitable deep brown coal sequestratiors sited determination
of their potential as sequestration targets.

o Create techno-economic models of the viabilityexfigestration options in
brown coal rich areas.

Deep coal seams may also provide a storage optio@®, as an alternative to
depleted oil or gas reservoirs or to saline agsifelf methane is present then
enhanced coal bed methane (ECBM) may also be aonoas a low emissions
technology for electricity production, as the ceahms that provide the source of
the methane also act as the sink for,Grage.

9.8 Water Usage / Recovery

Steam fluidised-bed drying provides the optionexfavery of evaporated water as
a condensate suitable for industrial use. Invastg into suitable uses for the
water stream is required.

Can water be collected / separated from, C&pture plant for industrial use?

University of Melbourne have suggested as a passidearch stream through
ANLECC is to recover water directly from the fluasgprior to carbon capture
using membrane technology. Recent trials conductétlrope suggest that it is
possible to suspend membranes directly into the $back to recover high purity
water directly into the vacuum condenser. Thiswtebogy could be researched
for use with wet flue gases.

9.9 Chemical Looping

Monash University proposed investigations of chainlooping as a means of simplifying

CO, capture. Chemical Looping supplies oxygen to thalmustion or gasification process by
reduction in situ of a recirculating metal oxideyggn carrier (most commonly Fe, e.qg.
haematite, or Ca, e.g. limestone) which is theaxidised by air in a separate reactor. Thus,
nitrogen is excluded from the flue gases, making €&pture simpler, but without the need
for an oxygen separation plant. The process, dnatucarbon capture, is projected to have
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similar efficiency and cost of power generated asoaventional pulverised fuel boiler.
Although this technology is under development ozass Monash University proposes a
program in the context of a low temperature gasdambustor applied to Victorian brown
coal and lignites in general. Issues requiringrdtbn include the high moisture content, ash
composition, low sulphur content, gas compositiod fuling.

10 SUGGESTED RESEARCH AREAS FOR ANLECR&D BROWN COAL

The focus of the ANLECR&D program will be to fatéte coal R&D projects in support of
early demonstration of power generation technobgigolving carbon capture in the 2015 to
2020 timeframe. R&D will be undertaken in a numbgtechnical areas including Economic
Studies, Fundamentals, Brown Coal, Capture Teclgiedo(Oxy-Firing, Post Combustion
Capture, Gasification) and Carbon Storage. Browal atilisation has a number of unique
attributes, principally associated with the higherent moisture content, to justify separate
attention within ANLEC.

Brown coal is generally a very clean fuel for poweneration but has high G@missions,
resulting from its high moisture content, low cé#iorvalue and low thermal conversion
efficiency. The C@emissions intensity of the most efficient browralctired power stations
currently in operation in Victoria (pf-fired subtdal steam cycle) is around 1160 kg/MWh.
This can be compared to pf-fired supercritical steaycle using black coal which has €O
emissions of the order of 810 kg/MWh.

To achieve substantial reductions in the,@&missions from brown coal power generation
will require a combination of energy efficient dngi together with methods for the capture
and sequestration of GO Advances in these areas will also be applicabléhe current
brown coal fired power stations, many of which asgected to remain in operation for
several decades.

The focus on brown coal R&D programs for power gatien, therefore, should include the
following activities. These activities will als@sist in the training and development of the
scientific and engineering expertise required tppsut the implementation of new and
advanced brown coal power generation technologidse need to rebuild these skills in the
context of new utilisation technologies was a comrigeme in the stake holder discussions.

In all these areas, economic evaluations are regjuo allow the relative costs of different
options to be evaluated.

e Coal Drying and Beneficiation

The Coal Drying and Beneficiation activities showddnerally be in support of the
implementation of steam-fluidised bed drying whidpresents the state of the art in
brown coal drying. A demonstration of fine-grainf®8BD is to be implemented by IPH
on Units 1 and 2 as part of the Hazelwood 2030ggotoj SFBD has also been proposed by
several groups in Victoria, South Australia and Wes Australia as means of drying
brown coals prior to gasification and liquid fugdsoduction. The Coal Drying and
Beneficiation activities relevant to SFBD include

0 Improving the understanding of the relationshipwssn the coal physical
structure and drying behaviour.
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0 Understanding the fundamentals of SFBD includingiditation behaviour,
drying kinetics, equilibrium moisture content, hgansfer, etc.

0 Process integration and optimisation:
= |ntegration with the coal drying power plant steeyules,

= Use of coal pre-drying (entrained-flow drying?) teduce the fluid-bed
footprint/cost or increase throughput,

= Use of other waste heat or low grade heat sounyesofl drying including
geothermal or solar energy.

= |ntegration of coal drying plant with carbon cagtptant.

0 Storage and handling of the dried coal includindf-lseating and dust
explosibility

0 Utilisation of water condensate recovered from clvging

The Kobe UBC coal drying and beneficiation procgissuld also be briefly evaluated as
an alternative to SFBD. This technology is curyebking developed for production of
dried brown coal for export; however, there mayopportunities to optimise the process
to produce dried coal for mine-mouth power generatiThe activities that are indicated
for SFBD R&D are also relevant to UBC. Of parteuimportance is the relative cost of
UBC compared to SFBD.

Other coal drying and beneficiation technologieshslias hydrothermal dewatering do not
fit into the current scope of the ANLECR&D but slebibe supported under other
programs such as the Victorian BCIA fund for broveal research.

» SuperCritical and Ultra SuperCritical Combustion

The state of the art for power generation with costion involves the use of
SuperCiritical and Ultra SuperCritical plants. Altlgh there are supercritical plants using
black coal operating in Australia, there are noesagitical plants using brown coal. The
1,000 MW Niederaussem plant in Germany is a supieadr plant operating on brown
coal plant. The Niederaussem plant does not ued doal firing although SFBD is to be
demonstrated with 25% of the fuel flow to be dried.

Any new pf fired combustion plant utilising Victan brown coal would almost certainly
involve the use of coal drying with a supercritisedam cycle with either oxy-fuel firing
or PCC. Victorian brown coal has unique ash prigerand therefore specific R&D
activities are required to establish the potenti@haviour of the coal in supercritical
combustion environments. Firing with dried browpak can yield higher flame
temperatures and increased potential for corrobmm alkali-rich ash. These activities
fall within the scope of the ANLECR&D including sogrt for the current activities
proposed by IPH under the Hazelwood 2030 proj&apporting R&D activities could
include

0 Investigation into the material requirements foeigion at the higher steam and
the higher flame temperatures that would be obtawi¢h dry coal firing under
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supercritical conditions, particularly given theglheér alkali concentrations found
with brown coal. Do new materials need to be dgved?

0 Evaluation of the slagging and fouling charactersstdeposition propensity and
deposit/slag-attack.

0 Can flue gas recirculation be used to control p#ake temperatures and
modify ash behaviour?

0 Economic evaluations to evaluate the benefit oédltirown coal supercritical
combustion with PCC or dried brown coal superailtmxy-fuel combustion

Following the decommissioning and demolition of BECV/HRL 1000 hr combustion
furnace, there is no longer a pilot combustion tasility within Australia to examine the
long term behaviour of brown coals under realistienbustion conditions. Although
outside the budget available under ANLECR&D, coesation to supporting the
development of a suitable long term test facilio@d be given. The facility should
support investigations under supercritical and fuej-firing conditions and combustion
of dry coal and biomass co-firing and be able tanexe long term materials corrosion,
ash deposition and emissions from brown coal atiti;. The ability to link to small

carbon capture rigs would be desirable.

* On-Line Coal Quality Monitoring

Since brown coal power stations are mine-mouth aimers there is limited ability to
control the quality of the coal supplied from thénen On-line systems to monitor the
coal quality being supplied the station would alloeal-time optimisation of plant
operation in response to changes in coal qualitye corrective actions that may be taken
based on coal quality may include

0 Adjustment of flux or additive addition to contrakh properties (particularly
with slagging gasifiers)

0 Adjustment of plant operation in response to charigecoal moisture content,
ash yield or calorific value

0 Rejection of out-of-spec coal

In some cases, coals with specific propertiesei@mple very low ash, may be targeted
for high value applications such as manufactureaobons for metallurgical reductants.

Developments in this area would also benefit engstitnd new generation mine-mouth
power stations.

+ Gasification

Victorian brown coals have high gasification reatyiwhich makes them suitable for use
in fluidised-bed gasification. Although fluidisdmbd gasification has lower carbon
conversion than entrained flow gasification, lowtemperature operation provides a
process and cost advantage. There are curremilgxamples of coal gasification plants
operating for power generation only with coal gasiion plants generally used for
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chemicals or liquids fuels production. These gasfare usually based on entrained flow
gasification with oxygen and stream as the gagiboaagents.

HRL's IDGCC technology is a potential option fomaost power generation from wet
brown coals. The low cost is achieved through Haffitiency (combined cycle) and low
capital cost (air gasification and elimination bétneed for a separate coal dryer). Other
groups proposing gasification using low rank caeal8ustralia are considering the use of
a SFBD with oxygen-blown entrained flow gasificatiwvith the aim of producing a syn-
gas for the production of liquid fuels or chemicaBWE have announced plans to build a
450MW integrated gasification combined cycle (IGC@lant with CO2 capture,
transportation and storage (CCS) near Cologne, &gyt using local lignite resources.
The preferred gasification technology is entraifledr gasification with HTW fluidised-
bed gasification as a back-up.

There are a number of activities related to browal @asification that fall within the
scope of the ANLECR&D. Some of the activitiesditbelow may be more appropriate
under the gasification node. Optimisation of brogoal gasification processes for the
production of liquid fuels or chemicals is outsitte scope of ANLECR&D although this
represents a high value application of gasificati®uch activities should be supported
under other funding schemes, for example BCIA.

Brown coal gasification activities relevant to ANCR&D include

0 Mapping of the Latrobe Valley coal resource to datee best coals for
gasification applications in terms of reactivitydaash behaviour. This activity
should also evaluate the suitability of the coabrece for other applications.

0 Evaluation of SFBD/entrained flow gasification (unding air gasification) as an
alternative option for power generation from brovaal. These activities should
include a cost study for comparison against fl@dibed gasification and
investigations into brown coal ash behaviour urfidgh-temperature entrained
flow gasification conditions.

0 Development of methods for evaluation of brown cash behaviour and
material impacts (ie alkali corrosion) under gasifion conditions — both
entrained flow and fluidised-bed.

0 Warm gas clean-up as a means of removal of sulpBuspecies to avoid the
loss in efficiency from low temperature process@sstllphur removal (ie Claus
process).

0 Development of sulphur resistant water shift caslyto shift CO/HO to
CO,/H; as part of the pre-combustion carbon capture.

0 Development of on-line coal quality analysis system allow real-time control
of gasifier operation in response to changes in goality. For example,
controlling additive levels to control ash behaviou

e Carbon Capture

Most of the activities related to carbon capturerfrbrown coal power generation
would be expected to be covered within the ANLECR&Bpture Node; however, the
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high level of moisture present within brown coateyides some additional issues that
are brown coal specific.

0 Carbon capture from high moisture content flue gdlat also contain NOx and
SOx species, including consideration of materialdggmance.

0 Process integration of flue gas cooling/carbon wapplant with coal drying
plant to increase overall efficiency. Utilisatiohthe latent heat that is present
in the water vapour in the flue gas.

0 Re-use of water condensed from flue gases fromtoimal utilisation.

* Oxy-Fuel Combustion

Activities related to the Oxy-Fuel Combustion aenerally expected to be covered within
the ANLECR&D Oxy-Firing Node.

Oxy-fuel combustion of raw brown coal introducegdfic issues associated with high
moisture content fuel gases, however, any new brooal plant utilising an oxy-fuel
combustion cycle will include coal drying to incseaefficiency. As with PCC, there may
be opportunities to integrate flue gas cooling watal drying. The issues listed above
under supercritical and ultra supercritical comimusare also relevant for oxy-fuel firing.

Oxy-CFB (oxygen firing of circulating fluid-beds)ay be an option more suitable for
dried brown coal since the lower peak temperatamspared to pf combustion will

reduce the problems associated with high alkali ashis activity would build on the

fundamental and pilot scale CFB experience gainedhb CRC for Clean Power for
Lignite. This activity would be brown coal specifi

Oxy-CFB also provides the option of utilisationadtiernative fuels including biomass.

There are similarities between oxy-fuel firing acttemical looping, however, chemical
looping is still at the fundamental R&D stage amd considered a priority research area.

* Power Plant Operation with a contestable electricg markets

There are a number of issues associated with pplaat operation with a contestable
electricity markets that require investigation.

A technical economic assessment on the operatstradegies to align operation of energy
intensive plant associated with carbon capture withdemands to ensure a commercial
return on electricity generation would be desirablender conditions of high power
prices, there would be pressure to turn-down otcbwoff auxiliary power consumption.
Actions could include turning down or off plant asmted with coal drying and carbon
capture. Dry coal can be stockpiled to allow fotermittent operation of coal drying.
Additional carbon credits can be purchased to bféseissions if the carbon plant is
turned-off. There will be implications of planfdiand reliability with cycling of plant
operation and this should be investigated.
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* Other Activities

A number of other activities related to brown caallisation were raised during
discussions with stakeholders. Although, thesevides are considered as outside the
scope of ANLECR&D for power generation, these hdeen collated and will be
presented to the BCIA as a separate report. Titerss include

o Fuel switching including biomass co-firing

o Development of export industries based on drieddvian brown coal in either
a powdered or lump coal

o Production of a chars and activated carbons aner athgraded brown coal
products

0 Use of syngas from gasification for the productdhiquid fuels or chemicals
o Two shift operation of power plants

0 Underground coal gasification as a means of exptpdeep unmineable brown
coal resources

o0 Recovery of water from brown coal processing

o Use of brown coal water slurries for direct injeaticoal engine

11 CONCLUSIONS

The objective of this scoping study is to providesgiew of the current situation regarding
the utilisation of brown coal in power generatigpkcations involving carbon capture and to
identify research areas to support flagship lowssions power generation technologies.

Discussions with stakeholders were held to cokateR&D activities required to support low
emissions power generation utilising brown coal.

Research areas have been identified for utilisabbrbrown coal in power generation
applications involving carbon capture. These neteareas, briefly summarised below,
support the activities of flagship projects for lemissions power generation.

To achieve substantial reductions in the,@&missions from brown coal power generation
will require a combination of energy efficient dngi together with methods for the capture
and sequestration of GO Advances in these areas will also be applicabléhe current
brown coal fired power stations, many of which asgected to remain in operation for
several decades.

Research on coal drying should include improving tinderstanding of the relationship
between moisture and coal structure and focus enuie of steam fluidised bed drying
technology whilst also considering other alternediv

Since future brown coal utilisation options withndoustion will almost certainly involve the
use of dry coal firing with either super-criticabrabustion with carbon capture or oxy-fuel
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combustion and COremoval, research on the coal behaviour underetlesnbustion
conditions is required. This research should atdesh behaviour (slagging and fouling),
corrosion, and materials issues that would occudeunconditions of higher flame
temperatures and higher steam pressures.

Gasification with pre-combustion capture also pdesgi an option for low emissions power
generation. Improved catalysts for water shifttiems without the need for separate removal
of sulphurous species in the syn-gas prior to preklustion CQ@ combustion is desirable.
Although fluidised-bed gasification is usually pretd for reactive coals (such as Victorian
brown coals), entrained-flow gasification is cutigwidely practised. Activities to support
the evaluation of brown coals under entrained-fiygasification including ash behaviour have
been recommended to provide an alternative option.

There are also opportunities to increase the psoitgsgration of carbon capture plant from
brown coal combustion to utilise the latent heatspnt in wet flue gases.

Issues associated with oxy-fuel combustion wouladeered by the Oxy-Fuel ANLECR&D
node, however, the option of oxy-fuel firing of mcalating fluidised-bed may offer specific
advantages for brown coal and fall within the Bro@mal node.
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