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ABSTRACT

This update is based on presentations, a workshop and other meetings associated with the 10"
APEC Coal Flow Seminar and the 11"™ APEC Clean Fossil Energy Technical Seminar held in
Seoul, Korea, 9-12 December 2003. The update focuses on the coal’s future role for energy
supply for electricity generation.

With regard to coal supply, growth of coal use in India (not represented at the seminar) and, in
particular, China will be a key issue in coal availability and price in APEC importing
countries. There is a need to understand these issues in more detail along the entire coal
energy chain. The annual increase in coal production and electricity generation in China is
astonishing, and the balance between production and use will be of great importance, both to
coal exporters and importers.

In most of the countries that participated in the meeting, the use of coal for electricity
generation is expected to increase in the future.

In Malaysia, the strategy is to decrease the proportion of gas (limited resources), and
to increase coal and renewable energy.

In Vietnam, coal use is expected to double by 2020.

In Indonesia, the production of coal is expected to double by 2020, with exports rising
by 50%; however, there are limited reserves of black coal (50 years at current rate of
production), and most of the coal reserves are lignite.

Lignite is of importance in many APEC countries and is a major coal resource in some
countries. The use of lignite, without upgrading, produces high GGEs/MWh, and technology
for its efficient use for electricity generation and chemicals production is required. There are
a number of projects in APEC countries related to this: the carbon enriched lignite project in
the Philippines, UBC project in Indonesia, project to convert lignite to liquid fuel and
electricity in Victoria.

One of the interesting issues from the seminar was the comparison of pf technology and IGCC
from a cost perspective, with and without carbon capture. NETL have concluded that the cost
of electricity from “state-of-the-art” IGCC is comparable to “state-of-the-art” pf generation
without carbon capture, and lower cost if carbon capture is included. The results (so far
disclosed) of the Phase 1 study for the Canadian Clean Power Coalition support the NETL
conclusions, and detailed discussions should be arranged with Frank Mourits and Curt
White/Scott Smouse before or after the IEA meeting on the Gold Coast in February.

Tobin from GE Power Systems presented values for capital costs for IGCC of $US 1,000-
1,200/kW, which he stated were on a par with conventional pf coal generation plants. The
overall costs of electricity generation were the same for IGCC and pf, provided opportunity
fuels were used for the IGCC process. When carbon capture is required, he quoted NETL
results, which showed that the levelised cost of electricity for plants with CO, capture is about
1.5 ¢/kWh cheaper for a new IGCC plant, compared to a new pf plant.

On oxygen/coal pf, CANMET has completed a 5-year program, and it has been concluded
that this approach is much more expensive than IGCC, if CO; capture is included; the cost of
electricity is in the range of US cents 8-10. In terms of new plant technology options, the pre-
screening has shown that IGCC is likely to be best (and benefits from the efficiency
improvements associated with new gas turbines). The conclusions of CANMET are different
to those of several European studies and a recent analysis for the CCSD by Cottrell ef al.
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From the presentations and discussions, it is was clear that most believed that a substantial
reduction in CO;, emissions (up to 30%) was practical without sequestration. Options
included:

Ultra supercritical pf and IGCC;
Hyper Coal (HPC) or ultra clean coal (UCC), used in GTCC;
Industrial ecology (steel, cement, electricity).

However, this would need a robust strategy involving a range of options, and these should not
depend only on sequestration.

One of the Japanese papers noted the opportunity for linking steel, cement and power
production with coal gasification. This is an example of Industrial Ecology, and should result
in substantial greenhouse gas reduction and economic benefits. Such an approach could be
easier for rapidly developing countries (more requirement for new plant). This is not a new
concept, but has been receiving increased attention over the last decade as a means to improve
efficiency — the challenge is to provide incentives to ensure the necessary intra-business
integration essential for its application.

The perception of coal as a “dirty” fuel, held by NGOs and environmentalists, was an
important point made in the Panel Discussion. This point has been discussed previously in
Australia, as part of earlier projects (such as Coal in a Sustainable Society), and it would be
appropriate for this to be a suitable focus area for APEC, with information sharing between
technical groups, and the collection and distribution of success stories. The WCI could also
play a role in this area, perhaps by initiating a meeting with NGOs.

As noted for the JAPAC meeting held in Tokyo in September 2003, attendance at, and active
participation in, these meetings provides an excellent overview of what is happening in the
energy scene in the Asia Pacific, with a focus on coal. The forthcoming meeting on the Gold
Coast in February 2004 (IEA Asia Pacific Conference on Zero Emissions Technologies) will
involve many of the same players, and the opportunity should be taken to build relationships
with potential research collaborators (both for CCSD and Coal 21), and with major current or
likely future users of Australian coal.
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1 INTRODUCTION

Peter Scaife from the BHP Billiton CCSD team attended the APEC Clean Fossil Energy
Seminar, in Seoul in December 2003. The only other Australian at the seminar was
Cassandra McCarthy, a member of John Karas’s group, and the official Australian
representative. Following the seminar, Cassandra represented Australia at the APEC Clean
Fossil Energy Business meeting, at which current and future studies funded by APEC were
discussed.

Part of CCSD’s P1.3 activities is related to energy trends and scenarios (with a focus on coal),
in countries which are major users of Australian coal, or which are current or future
competitors. The revised approach for obtaining this information is to attend two key
meetings annually, such as this APEC seminar, with a major emphasis on technology, and the
way forward for coal, provides up-to-date information on energy trends and policies, clean
coal technologies etc. It also enables important personal contacts to be made.

While the papers and presentations from this seminar will be posted on the APEC website
(http://apec-egcfe.fossil.energy.gov) by the end of January 2004, this summary report has
been prepared to provide an overview for Australian managers and researchers.

2 COUNTRY UPDATES

21 Japan

Yasui’s paper on coal policy in Japan focussed on two key issues — stable coal supply, and
“promotion of environmentally responsible coal utilisation technologies™.

The Japanese have a number of concerns on coal supply related to:

Increasing costs of mining (due to increasing underground mining, and deeper
operations),

Maintenance of supply security,
Investment required for exploitation and development,
Availability of adequate infrastructure.

As part of the Energy Supply Policy, Japan committed US$ 110 million in 2003 to coal
supply and use (training in developing countries which supply coal, providing expert
assistance, supporting exploration, efc. — aimed at China, Indonesia and Vietnam). Funds are
also being committed to new energy sources (US$ 700 million), and energy conservation
(USS$ 1,140 million).

It was noted that, in the future, more coal will be produced from underground mining in many
of the countries from which Japan receives coal. For Australia, an increase from 28%
currently to 43% in 2015 was quoted; for Indonesia, the corresponding figures were 1% and
40%.

There was limited information on Clean Coal Technologies presented; this has been
previously covered in other presentations. While only a small increase in sent out efficiency
is predicted for coal-fired generation out to 2010 (around 2%, HHV)), it is considered that with
IGFC (integrated gasification fuel cell) a sent out efficiency of 55% (HHV) could be
achievable by 2020.
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There were two disadvantages of coal use given in the presentation:

Carbon dioxide emissions per unit of energy consumed (90.6 g CO,/MJ for coal,
compared with values of 71.5 and 49.5 for oil and natural gas, respectively)

Generation of fly ash, and the related disposal problem (even though a reasonable
percentage is used in cement production, etc.)

It was noted that, in 2001, the total GGEs for Japan were 1,214 Mt CO»-¢, 8.2% higher than
the emissions in 1990; this compares with an emissions target of 1,122 Mt in 2010.

2.2 China

In Pan Weir’s paper, the increase in raw coal production from 2001 to 2002 was quoted as
220 Mt (an 18.9% increase in one year!), with raw coal production in 2002 being 1,380 Mt.
Coal provided 70.7% of China’s total energy consumption in 2002. The comment was also
made that coal exports would “remain steady”, with only a small increase being likely for
some time into the future.

Electricity generation is increasing rapidly, as noted in Zongrang’s paper. The installed
capacity of 319 GW in 2000 has grown to 356 GW in 2002 (similar to the capacity in the
USA in 1970), and the current average efficiency is 32% (large number of plants less than
200 MW). The projections for electricity capacity out to 2020 are:

Year Capacity
By 2005 430 GW
By 2010 580-600 GW
By 2015 900-950 GW

This equates to approximately 30 GW additional capacity each year (an annual increase
equivalent to ~75% of Australia’s total generation capacity) for the next 18 years. Of this,
coal is expected to fuel 65% of the new capacity. By 2020, coal is predicted to provide
around 59% of the energy for generation, compared with 69% in 2002. This equates to coal
consumption for electricity generation of 1,400 Mt in 2020, with a total installed coal fired
capacity of 560 GW. In subsequent discussions, Zongrang noted that in 2002, 30% of all coal
was washed, and that this is projected to increase to 40-50% by 2020 — this represents a very
large expansion in coal washeries.

It was interesting to note that China is planning to install air cooled coal fired generation in
one region because of water shortages; 10 air cooled units, each rated at 600 MW, were
ordered in 2003.

The overall strategy for electricity capacity is to:

Optimise development of coal fired generation; new units will be at least 600 MW in
scale, and supercritical.

- In 2003, orders were placed for 100 x 600 MW units (24.2 MPa, 566 degrees), and
4 x 900 MW units (25 MPa, 600 degrees).

Increase proportion of hydro (including additional 30 GW of pumped storage by
2020); hydro is projected to provide 260 GW of capacity by 2020.

Page 8 of 20



Increase proportion of nuclear power; 40 GW extra by 2020 (4.2% of capacity, and
6.1% of total generation).

Increase gas fired generation, from the current capacity of 8 GW to 72 GW by 2020
(7.5% of total capacity); 8 GW of capacity were ordered in 2003.

Develop clean coal technology (CFBC and IGCC).

Renewables (apart from hydro) are only expected to play a small role, out to 2020; 300 MW
of PV by 2005, and 10 GW of total renewables by 2020.

The impacts of SOx emissions from coal fired generation are of concern and account for
8.9 Mt of the total of 19.95 Mt associated with all uses of coal in China (90% of total national
emissions). The 10" Five Year Plan for national environmental protection requires that the
power industry achieves a reduction of 10-20% by 2005 (the higher value for acid rain and
SO, control areas). The emission fee for SO, was increased from 0.2 to 0.6 RMB/kg from 1
July 2003.

2.3 Thailand

Thailand has a significant resource of lignite, with 1,070 Mt of reserves remaining; EGAT
(the electricity generation authority) has already used 279 Mt for electricity generation, with
15 Mt used in 2002.

For electricity generation, there is an installed capacity of 25 GW, from which 108 TWh were
generated in 2002. In 2003, for electricity generation, natural gas provides 71% of the energy,
lignite 15%, hydro 8.5% and imported coal 2.1%.

It is projected that the installed capacity will increase to 39 GW in 2016, with most of the
planned new capacity gas based. In 2016, the lignite contribution to generation will reduce to
6.9%, imported coal will increase to 4.9% and renewables (apart from hydro) will remain at
around 0.5%. However, for 35% of the additional capacity, the fuel source has not been
decided: if 50-60% is imported coal, this will require an additional 17-20 Mt of coal annually.

EGAT’s energy and coal policies are to:
Participate in the ASEAN power grid,
Develop and invest in countries with coal potential (eg Indonesia),
Explore for additional coal in Thailand.

It was concluded that Thailand will increase its use of coal for electricity generation (x 2-3 by
2016), since coal is the lowest cost fuel.

2.4 Indonesia

There has been a rapid growth in coal exports from Indonesia, from 4.3 Mt in 1990 to 74.2 Mt
in 2002 (equivalent to 70% of total production of 103 Mt in 2002). It is predicted that
production of coal will be 121 Mt in 2006, 171 Mt in 2010 and 214 Mt in 2020, with exports
being 115 Mt in 2020. It is of note that there are only limited reserves of black coal (50 years
at current rate of production), with 59% of the coal reserves being lignite. It was emphasised
that technology for upgrading lignite was required, and work is being progressed in this area.

Indonesia has a low energy consumption per capita, a low electrification ratio (52% in 2000),
but energy consumption is currently growing at 9% per annum. The consumption of coal for
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electricity generation is projected to be 72 Mt in 2020 (60% of the total energy for
generation), with total coal consumption for all uses being 96 Mt.

There are a number of issues relating to the development of coal production, of which the
most important is the limited infrastructure (roads, rail, ports). Coal companies are
responsible for their own infrastructure requirements, and the government sees an opportunity
of establishing consortia of coal companies for coal transportation.

2.5 Malaysia

Since 1980, Malaysia’s energy policy has been based on using oil, natural gas, coal and
hydro. Renewable sources have been included since 2001, and the target for renewables is
5% by 2005.

With regard to electricity, as at August 2003, there is an installed capacity of 14 GW, with a
peak demand of 11.3 GW. The sector consists of a government generating authority (TNB)
and independent power producers, who controlled installed capacities of 8,800 MW and
5,224 MW, respectively. In 2000, the energy mix was 71% gas, 12% hydro, 8% coal, 5% oil
and 3.5% diesel. The strategy is to decrease the proportion of gas (limited resources), and to
increase coal and renewable energy.

There is considerable renewable energy potential related to biomass from the palm oil
industry, estimated to total 600-800 MW.

GEF is being used to fund:
Malaysian Industrial Energy Efficiency Improvement Projects (MIEEIP).

Biomass cogeneration (US$ 8 M — 2001 to 2006), which produces electricity at
13-15 Malaysian cents/kWh.

Building integrated PV — grid connected.
A number of CDM project areas were listed related to conventional power generation:
Rehabilitation and optimisation projects
- Conversion from oil to coal and/or gas
- Modifications to boilers or turbines to increase overall efficiency
Next generation of coal fired technology
- Higher steam temperatures, to increase efficiency from 47-55%
- Larger capacity (up to 1,000 MW)
- IGCC

2.6 Philippines

In 2002, the energy mix consisted of 41% imported oil, 8% imported coal and 51%
indigenous energy (biomass, geothermal, hydro, natural gas). Only 2% of the energy was
supplied by indigenous coal.

The installed electricity generation capacity in 2002 was 14.7 GW, of which the energy
sources were: coal 3.9 GW, oil 3.5 GW, hydro 2.5 GW, natural gas 2.8 GW and geothermal
1.9 GW. In 2013, the predicted installed capacity will increase to 21 GW, with oil based
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generation decreasing, with geothermal and coal and gas based generation remaining constant,
and with the new capacity coming from hydro and other sources (presumably renewables).

Overall, GGEs associated with energy use were 52 Mt CO,-¢e in 2003.

There are also a number of initiatives related to increasing natural gas utilisation, and the
expansion of LPG as an automotive fuel.

2.7 Vietnam

The current consumption of coal is 15 Mt per annum, and this is expected to rise to 23-24 Mt
by 2010, and to 29-30 Mt by 2020. Over the same period, electricity generation is predicted
to increase from 35.7 TWh currently, to 93 TWh in 2010, and 200 TWh in 2020.

The focus of the Coal Corporation of Vietnam is on improving the productivity of Vietnam
mines through better loading and transportation systems in open cut mines, and upgrading
underground mining technology. Some modest funding is also committed to environmental
and health related issues.

2.8 USA

Scott Smouse provided a good overview of the DOE’s perspective on coal technology. Coal
accounts for 23% of the primary energy supply for the country, oil imports are rising (in 2000,
net imports were 55% of consumption — this is expected to increase to 68% by 2025) and
natural gas production is constant, despite record drilling and well completions.

Coal provides more than half of the country’s electricity, with reserves equivalent to almost
250 years at the current rate of production (¢f 11.7 for oil, and 9.2 for natural gas). The
information in the presentation has been given previously — targets for gaseous and particulate
emissions (and in particular mercury), the FutureGen project and carbon sequestration (60
projects totalling $ 100 M, with 40% of funding from industry).

The Clean Coal Power Initiative (CCPI) and the seven projects funded in Round 1 (two
projects involved $ 100 M of DOE funds) were also mentioned. The CCPI is a $2 B
demonstration program over 10 years, with an industry-funding share of at least 50%.

CLEAN COAL TECHNOLOGIES/EMERGING TECHNOLOGIES

3.1 USA (NETL)

Curt White reviewed carbon sequestration research at NETL and discussed their specialised
facilities, such as the Modular CO, Capture Facility (used for FutureGen). He also presented
the cost data below.

While the global average efficiency of pf coal fired power stations is 31%, best practice is
46% in the USA (though while not detailed, some of this difference is probably to be due to
different bases and operating conditions); best practice results in a power cost of 3.7 ¢/kWh.
With carbon capture, the efficiency drops to 33%, and the cost of production increases to
6.4 ¢c/kWh. The cost of wet scrubbing (MEA) is estimated to be US$ 30-32/t CO,. The DOE
goal is to reduce the costs of carbon capture and storage, so that the cost of electricity only
increases by 10%.

For an IGCC plant, an efficiency of 44% (3.8 c/kWh) is expected, which reduces to 37%
efficiency (4.9 c/kWh) with carbon capture. That is, the cost of electricity from “state-of-the-
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art” IGCC is comparable to ‘“state-of-the-art” pf generation without carbon capture, and
lower cost if carbon capture is included.

Curt noted that NETL facilities are available for use by external organisations, and in some
cases NETL will share the costs.

3.2 ROK

In 2000, the GGEs for Korea were 134.4 MtC, compared with 51.9 MtC in 1990. 1t is
predicted that the GGEs will increase by 80% from 2000 to 2020, even though there is
expected to be a decrease of 30% per unit of GDP over the same period.

The 2™ Comprehensive Plan for Climate Change Convention was established in 2001, and
covers 85 projects for 5 sectors, such as:

Status of GGEs (current and future),
Greenhouse gas reduction plan,
Development and supply of renewables.

Within this plan, there is a Carbon Dioxide Reduction Technology Development Program
(started in 1992), which is looking at CO, separation process design, energy efficiency
improvement and sequestration cost reduction (21% Century Frontier Program — 2002-2012),
inter alia. All of the absorption processes for carbon dioxide capture involve KIER,
supported by KAIST, KEPRI, universities and engineering companies. KIER is the
implementing organisation for adsorption processes (pressure swing and temperature swing),
and is working with POSCO on PSA to separate CO, from flue gas generated from a
cogeneration plant.

The cost of carbon capture has been estimated as US$ 32-68/t CO,.

3.3 China

China has the largest number of CFBC units in the world (over 300, rated from 35-220 tph); a
300 MW demonstration plant (1,025 tph) is under construction and will be in commercial
operation in 2005.

A 400 MW IGCC demonstration plant, with a design efficiency of 43% (LHV), will be built
at Yantal plant, Shandong Province; it is predicted that large-scale application of IGCC in
China will occur in 10 years time (currently IGCC is considered to be less competitive than
“state-of-the-art” supercritical units with deSOy and deNOy).

There is a joint project between NETL and the National Power Plant Combustion Engineering
Research Center at Shenyang, evaluating the use of ammonia to capture CO, from flue gas,
producing ammonium carbonate fertiliser as a product; sulfur and nitrogen oxides are
captured at the same time. However, the fate of the carbon dioxide when the product is
spread on agricultural land had not been considered.

3.4 Canada

The Canadian Clean Power Coalition is a national association of coal and coal fired electricity
generators, with the objective of demonstrating that “coal fired electricity generation can
effectively address all environmental issues projected in the future, including CO,”. The
specific goals are to remove GHGs from an existing coal fired plant by 2007, and to
demonstrate a low emission technology for a greenfield plant by 2010.
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Phase 1 of the study, costing US$ 3.8 M has just been completed, with a final report in
preparation. This will cover studies to assess technologies and costs for retrofit and greenfield
options, as well as CO; utilisation and sequestration. On oxygen/coal pf, CANMET has
completed a 5-year program, and it has been concluded that this approach is much more
expensive than IGCC, if CO, capture is included; cost of electricity in the range US cents
8-10. In terms of new plant technology options, the pre-screening has shown that IGCC is
likely to be best (and benefits from the efficiency improvements associated with new gas
turbines).

As this finding is contrary to that in the recent CCSD report, Frank Mourits (Natural
Resources Canada) will compare the results of this work with Australian studies during the
ZET conference in February.

3.5 Japan

The Clean Coal Development Strategy for Japan was presented by Harada from the CCUJ. It
was pointed out that the end point of the strategy is a hydrogen economy. There are three
major R&D projects in Japan:

250 MW IGCC demonstration plant (2001-2009),
IGFC (Integrated coal Gasification Fuel Cell combined cycle) pilot plant (1995-2006),
Hyper coal project (ash free coal) (2002-2007).

Kuramoto from the AIST in Japan presented a paper on the HyPr-RING process. This
process reacts high-pressure steam with coal in the presence of Ca-based sorbents for carbon
dioxide to produce hydrogen. The sorbents are regenerated to produce a concentrated CO,
stream for sequestration. AIST has set up a small pilot plant (50 kg of coal/day). It was
found that hydrogen enriched gas can be produced from a wide range of coals (lignite,
through to char). Due to interactions with the coal mineral matter, partial deactivation of the
Ca-based sorbent occurs.

A joint paper by NEDO and Electric Power Development Co workers discussed coal
gasification for IGFC, the EAGLE project (coal Energy Application for Gas, Liquid and
Electricity). The pilot plant includes air separation, coal gasification, gas clean up and gas
turbine units. The oxygen blown, entrained flow gasifier has a coal feed rate of 150 tpd, and
operates at a pressure of 2.5 MPa, and commenced operation trials in March 2002. From then
until October 2003, there have been 21 operation campaigns, with a longest continuous
operation of 291 hours. The aim is to demonstrate production of fuel gas of a quality suitable
for use in molten carbonate fuel cells. Operation will continue until June 2006, and will be
followed by an evaluation. It was interesting to note that there was around 20% N, in the
syngas — this resulted from the use of nitrogen to transport the char. In the discussion session,
the main challenge for the process was noted as temperature control.

3.6 Philippines

There are a number of CCT projects:
Production of carbon enriched lignite,
Utilisation of combustion waste from coal fired power plants,
Combustion of indigenous coal in a CFB,

200 MW Mindanao coal fired thermal power plant,
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Carbonised coal briquette production (demonstration plant).

3.7 Indonesia

An “emerging” technology in Indonesia is the development of small-scale coal fired
generation to replace diesel generators, particularly in areas adjacent to coal mines. It is
planned to build a 2x7 MW plant, based on stoker boilers, in East Kalimantan. The expected
cost of electricity generation is US cents 5/kWh, compared to US cents 10/kWh for diesel
generation. The overall efficiency is expected to be 21%, with a boiler efficiency of 84%.

4 COMMERCIAL CLEAN COAL TECHNOLOGIES

The three papers presented in this section covered USC, CFB and IGCC technologies.

Shimogori from Babcock Hitachi reviewed the changes that have occurred in Japan in the
transition from SC to USC (in 1995), and some performance data for the recently
commissioned (early December 2003) Hitachi-Naka No 1 unit of 1,050 MW (24.5 MPa/
600 C/600 C), which has a gross efficiency of over 44% (HHV basis), and uses a riffled tube
Benson boiler. He thought that the next stage of development, a 700 C superheat, would be a
strong competitor with IGCC and IGFC for high efficiency coal utilisation, because the
development is an extension of current USC technology — however, the ability for CO,
capture was not discussed.

The KEPRI paper was focussed on the use of CFB technology, using anthracite as fuel (the
only domestic source of coal). There are 2x200 MW, CFB units at the Tong-Hae power plant
in Korea operating on anthracite, which were commissioned in 1998 and 1999. The paper
describes the design and performance of these units, as well as modifications made since
commissioning. A system was established for ash reinjection (to increase C burn out), and an
overall efficiency of 37% has been achieved (cf 32% for other systems based on the same
fuel).

The paper by Tobin from GE Power Systems on IGCC was thought provoking. He presented
values for capital costs for IGCC of US$ 1,000-1,200/kW, which he stated were on a par with
conventional pf coal generation plants. The overall costs of electricity generation were the
same for IGCC and pf, provided opportunity fuels were used for the IGCC process. When
carbon capture is required, he quoted NETL results, which showed that the levelised cost of
electricity for plants with CO; capture is about 1.5 c/kWh cheaper for a new IGCC plant,
compared to a new pf plant. The benefits of IGCC for NOy, SOy, particulates and mercury
emission reductions were emphasised. It was also emphasised that as syngas provides a 20%
higher output from the gas turbine, this reduces turbine costs (compared to natural gas; due to
the higher mass flow and reduced compressor load). We note that some of these advantages
need to be taken in context, and only apply to conventional IGCC without CO; capture.

5 PANEL DISCUSSION

From the presentations and discussions, it is apparent that most believe that substantial
reductions in CO, emissions (up to 30%) can be made without sequestration:
Hyper Coal (HPC) or ultra clean coal (UCC), used in GTCC; USC/IGCC.

Industrial ecology (steel, cement, electricity).

Need a robust strategy (range of options); should not depend only on sequestration.
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One of the Japanese papers noted the opportunity for linking steel, cement, power production
with coal gasification. This is an example of industrial ecology and should result in
substantial greenhouse gas reduction and economic benefits. Such an approach could be
easier for rapidly developing countries (more requirement for new plant).

Another point that was raised related to the use of waste energy from coal fired electricity
generation. How can more energy be extracted from each unit of coal? In cold climates,
district heating (as in Russia), in summer, for cooling (chilled water). A related question is
how can off-peak electricity be used most effectively? Possibilities include pumped storage,
domestic hot water and cooling (using ice).

Lignite is of importance in many APEC countries and is a major coal resource in some
countries. The use of lignite, without upgrading, produces high GGEs/MWh. Technology for
its efficient use for electricity generation and chemicals production is required. There are a
number of projects in APEC countries related to this: the carbon enriched lignite project in the
Philippines, UBC project in Indonesia, project to convert lignite to liquid fuel and electricity
in Victoria.

Two other issues were raised in the Panel Discussion, related to presentations in earlier
sessions:

How can coal be used to generate electricity on a small scale most efficiently, which is
relevant at a village or small town level?; this supports the move to distributed
generation.

Many technologies require oxygen (ie air separation). How can the cost of oxygen be
reduced (less energy, lower capital)?

Due to water limitations, air cooled PF generation is being installed in one region of China —
however, there is a trade off between saving water (up to 4 t of fresh water per tonne of coal)
and efficiency. The potential for fresh water generation from seawater or brackish water,
using waste heat, should also be considered. Increasing the efficiency of power stations
reduces both greenhouse gas emissions as well as water consumption.

With regard to coal supply, growth of coal use in India and, in particular, China will be a key
issue in coal availability and price in APEC importing countries. There is a need to
understand these issues in more detail, along the entire coal energy chain. The annual
increase in coal production and electricity generation in China is astonishing, and the balance
between production and use will be of great importance.

Dr Yun from the Institute for Advanced Engineering in Korea, made several key points:

How do we change the view of NGOs and environmentalists on coal; need to change
the perception that coal is “dirty”. There is a need to make coal as “clean as natural
gas” in the minds of the public. He suggested that the efforts of the World Gas
Congress to position gas versus coal should be noted. However, despite Dr Yun’s
enthusiasm for the need to improve the image of coal, there was little panel discussion
on how coal’s actual performance could be improved due to time constraints.

He suggested that this issue could be a suitable focus area for APEC, with information
sharing between technical groups, and the collection and distribution of success
stories.

CCTs should be included in the “New Energy” classification (with renewables), in the
ROK.

Page 15 of 20



APPENDIX — SEMINAR PROGRAM

Technology: Coal’s Way Forward

Clean Fossil Energy Technical and Policy Seminar

incorporating
10™ APEC Coal Flow Seminar
11™ APEC Clean Fossil Energy Technical Seminar

Seoul Palace Hotel, Seoul, Korea
Tuesday * 9 December 2003 - Friday * 12 December 2003

Organized Under the Direction of the
Asia Pacific Economic Cooperation (APEC)
Expert Group on Clean Fossil Energy (EGCFE)
http://apec-egcfe.fossil.energy.gov/

Project Steering Committee
Australia: Department of Industry, Tourism and Resources (ITR)
Canada: Department of Natural Resources (NRCan)
Japan: Ministry of Economy, Trade and Industry (METTI)
Korea:  Korea Institute of Energy Research (KIER)
USA: Department of Energy (DOE)

Sponsored By

Japan: New Energy and Industrial Technology Development Organization (NEDO)

Japanese Committee for Pacific Coal Flow (JAPAC)

Korea: Ministry of Commerce, Industry and Energy (MOCIE)
Korea Energy Management Corporation (KEMCO)
Korea Institute of Energy Research (KIER)

USA: Department of Energy (DOE)

Page 16 of 20



Davy 1

- Tuesday * 9 December 2003

08:30

Registration

Opening Session

Chair:

09:00

09:05

09:10

09:15

09:35

Mpr. Scott M. Smouse, EGCFE Chair, Senior Management and Technical Advisor -
International, National Energy Technology Laboratory (NETL), Department of
Energy (DOE), USA

Opening & Welcoming Remarks by Mr. Scott Smouse, EGCFE Chair, USA

Welcoming Remarks by Mr. Sung-ki Bae, Deputy Minister for Energy & Resources
Policy, Ministry of Commerce, Industry & Energy (MOCIE), Korea

Welcoming Remarks by Mr. Hiroshi Yoshida, Executive Director, New Energy and
Industrial Technology Development Organization (NEDO), Japan

Keynote Address by Dr. Jae-Ek Son, President, Korea Institute of Energy Research
(KIER), Korea

Coffee break

Session 1 - Policy Seminar: Coal Demand & Supply

Chair:

09:55

10:25

10:55

11:25

11:55

Ms. Cassandra McCarthy, Assistant Manager, Coal Industry Section, Department of
Industry, Tourism and Resources (ITR), Australia

Coal Policy in Japan Mr. Akira Yasui, Deputy Director, Coal Division, Natural
Resources and Fuel Department, Agency for Natural Resources and Energy (ANRE),
Ministry of Economy, Trade and Industry (METI), Japan

Analysis of Coal Supply and Demand in PR China Dr. Pan Weier, Senior Engineer &
Economist, The State Administration of Coal Mine Safety, PR China

Coal Policy in Australia Ms. Cassandra McCarthy, Assistant Manager, Coal Industry
Section, Department of Industry, Tourism and Resources (ITR), Australia

Coal Policy in Indonesia Dra. Nenny Sri Utami, Head of Centre for Energy
Information, Ministry of Energy and Mineral Resources, Indonesia

Lunch

Session 2 - Technical Seminar: Overview of National CFE Strategies

Chair:

13:00

13:30

14:00

Dr. Jyuung-Shiauu Chern, Project Manager, Policy Division, Energy Commission,
Ministry of Economic Affairs (MOEA), Chinese Taipei

Strategies for Restructing Thermal Power Generation for Sustainable Development of
Power Industry in China Mr. Jiang Zhesheng, Senior Engineer, Secretary General,
Electric Power Technology Market Association of China, PR China

Clean Coal Technology Development Strategy in Japan Dr. Michiaki Harada, Senior
Researcher, Project Management Department, Center for Coal and Next Generation
Utilization, Japan (CCUJ), Japan

A US DOE Perspective on Coal Technology Mr. Scott Smouse, Senior Management
and Technical Advisor - International, National Energy Technology Laboratory
(NETL), Department of Energy (DOE), USA
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14:30 Philippines Initiative on Clean Fossil Energy: Coal and Natural Gas Ms. Teresita M.
Borra, Director, Energy Utilization Management, Department of Energy, the
Philippines

15:00 Coffee Break
Session 3 - Technical Seminar: Emerging Technologies

Chair: Dr. Sung-Chul Shin, Senior Advisor, Korea Institute for Energy Research (KIER),
Korea

15:20 Development of Hydrogen Production from Coal with CO5 Recovery (HyPr-RING)

Dr. Koji Kuramoto, Researcher, Clean Fuel Group, Institute of Energy Utilization,
National Institute of Advanced Industrial Science and Technology (AIST), Japan

15:50 Coal Gasification Development for IGFC (EAGLE Project) Mr. Hajime Miki, EAGLE
Technology Development Group, Wakamatsu Research Institute, Technology
Development Center, Electric Power Development Co., Ltd. (EPDC), Japan

16:20 Small-Scale Coal Power Plant Projects Mr. Taufik Sastrawinata, Director of
Technology and Business Development, PT. Advance Technology Indonesia, Agency
for the Assessment and Application of Technology, Indonesia

16:50 Day 1 Adjourns
17:30 Welcome Reception hosted by KIER, Korea (Dress Code: Smart Casual)
19:30 Close

Day II - Wednesday ¢ 10 December 2003
08:30 Registration

Session 4 - Policy Seminar: Coal-Related Policies

Chair:  Mr. Akira Yasui, Deputy Director, Coal Division, Natural Resources and Fuel
Department, Agency for Natural Resources and Energy (ANRE), Ministry of
Economy, Trade and Industry (METT), Japan

09:00 Environmental Protection in PR China’s Coal Industry Mr. Li Zongmin, Senior
Advisor, The China National Coal Association, PR China

09:30 Russian Coal & Environmental Policies Mr. Gurgen Olkhovsky, Director, All-Russia
Thermal Engineering Institute, Russia

10:00 Energy Development and Coal Mining Impacts to the Environment and Orientation of
the State Management on the Environmental Protection of Vietnam Mr. Pham Dinh
Van, Coal Technology Expert, Energy and Petroleum Department, Ministry of
Industry, Vietnam

10:30 Coal Usage & Policies in Thailand Mr. Sahai Rakyao, Deputy Governor - Fuel,
Electricity Generating Authority of Thailand (EGAT), Ministry of Energy, Thailand

11:00 Coffee Break
Session 5 - Technical Seminar: Commercial Clean Coal Technologies

Chair: Ir. Suwandi Suyartono, Director, Mineral and Coal Technique, Directorate General of
Geology and Mineral Resources, Ministry of Energy and Mineral Resources,
Indonesia
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11:20

11:50

12:20

12:50

Ultra Supercritical Pressure Coal-Fired Boiler Mr. Yoshio Shimogori, Senior Engineer,
Engineering Proposal and Design Section, Boiler Design Department, Thermal Power
Division, Babcock-Hitachi K. K., Japan

CCT Experience of Tong-Hae CFB Boiler Using Korean Anthracite Dr. Jong-Min
Lee, Senior Member of Technical Staff, Combustion and Thermal Engineering Group,
Korea Electric Power Research Institute (KEPRI), Korea

GE Integrated Gasification Combined Cycle - The World’s Leading Operating Clean
Coal Solution Mr. James Tobin, Marketing Development Director, Asia Pacific, GE
Power Systems

Lunch

Session 6 - Technical Seminar: Environmental Technologies

Chair:

14:00

14:30

15:00

15:30

16:00

Mpr. Zhao Zongrang, Senior Engineer, Deputy Director of Project Management
Department, Thermal Power Research Institute (TPRI), PR China

New Flue Gas Treatment System for 1,050 MWe Coal Fired Plant Mr. Noriaki
Taniguchi, Engineer, Desulfurization Plant Design Section, Environmental Control
System Design Department, Plant & Systems Division, Babcock-Hitachi K. K., Japan

Reburn & Advanced NOx Control Technologies Mr. James Tobin, Marketing
Development Director, Asia Pacific, GE Power Systems, USA

Current Status of Syngas Cleanup Technology In Korea Dr. Chang-Keun Yi, Head of
Advanced Clean Energy Process Research Center, Korea Institute of Energy Research
(KIER), Korea

Integrated Multi-Pollutant Emission Control Using Activated Coke Mr. Masahiro
Miya, Assistant Manager, Power Plant Planning Group, Engineer Department, Electric
Power Development Company, Ltd. (EPDC), Japan

Coffee Break

Session 7 - Technical Seminar: CO; Reduction Opportunities & Available Technologies

Chair:

16:20

16:50

17:20

17:50

Dr. Frank Mourits, Manager, Climate Change Technologies Initiative, Office of
Energy Research and Development, Natural Resources Canada, Canada

CO» Reduction Opportunities in the Russian Power Sector Mr. Gurgen Olkhouvsky,
Director, All-Russia Thermal Engineering Institute, Russia

CO» Reduction Opportunities — Power Generation Perspectives Dr. Salim Sairan,
Managing Director, TNB Research Sdn Bhd, Malaysia

Indonesian Coal Utilization and Its Environmental Issues Ir. Suwandi Suyartono,
Director, Mineral and Coal Technique, Directorate General of Geology and Mineral
Resources, Ministry of Energy and Mineral Resources, Indonesia

Day 2 Adjourns

Day III -Thursday ¢ 11 December 2003

08:30Registration

Session 8 - Technical Seminar: CO2 Capture and Sequestration Technologies
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Chair: Dr. Peter H. Scaife, Director, Centre for Sustainable Technology, University of
Newcastle, Australia

09:00 Carbon Sequestration Research at NETL — A Brief Overview Dr. Curt M. White,
Geological & Environmental Systems Focus Area Leader, Office of Science &
Technology, National Energy Technology Laboratory (NETL), Department of Energy
(DOE), USA

09:30 CO» Capture Technologies in Korea Dr. Byoung-Moo Min, Director, Combustion Gas

Clean-up Technology Center, Korea Institute of Energy Research (KIER), Korea

10:00 Clean Power Coalition: Clean Coal-Fired Power Plant Technology to Address Climate
Change Concerns. Dr. Frank Mourits, Manager, Climate Change Technologies
Initiative, Office of Energy Research and Development, Natural Resources Canada,
Canada

10:30 Experimental Study on Sequestration of CO» in the True Flue Gas by Ammonia Spray
and Producing NH4HCOz Mr. Zhang Yun, Engineer, National Power Plant
Combustion Engineering Technology Research Center, PR China

11:00 Coffee Break
Session 9: Panel Discussion
Chair: Ir. Dr. Datuk Mohd Annas Hj Mohd Nor, Chairman, Energy Commission, Malaysia

11:20 Panelists
1. Dr. Peter H. Scaife, Director, Centre for Sustainable Technology, University of
Newcastle, Australia

2. Mr. Sahai Rakyao, Deputy Governor - Fuel, Electricity Generating Authority of
Thailand (EGAT), Ministry of Energy, Thailand

3. Dr. Yongseung Yun, Director, Plant Engineering Center, Institute for Advanced
Engineering, Korea

4. Dr. Michiaki Harada, Senior Researcher, Project Management Department,
Center for Coal Utilization, Japan (CCUJ), Japan

5. Mr. Zhao Zongrang, Senior Engineer, Deputy Director of Project Management
Department, Thermal Power Research Institute (TPRI), PR China

6. Mr. Gurgen Olkhovsky, Director, All-Russia Thermal Engineering Institute,
Russia

12:40 Closing Remarks Mr. Scott M. Smouse, EGCFE Chair, Senior Management and
Technical Advisor, International, National Energy Technology Laboratory (NETL),
Department of Energy (DOE), USA

13:00 Day 3 Adjourns
14:30 APEC EGCFE Business Meeting (Official EGCFE Representatives Only)
16:30 Close
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