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The direct injection carbon engine

The use of coal to fire a diesel engine, for power generation and
transport applications, may provide an attractive means to replace an
expensive fuel with a lower cost alternative while still maintaining the
amenity value of the original system.

There are technical challenges due to mineral matter within the coal
and uncertain economics due to oil prices periodically falling, which
have limited the demonstration of the technology options.

However, the recent trend towards higher oil and gas prices, tougher
environmental and energy security drivers, coupled with advances in
coal processing and diesel engine technology, have suggested that there
is a possible commercialisation route for such a direct injection carbon
engine (DICE)

The technology would appear to offer high flexibility, black-start
capability and high efficiency at all loads, which makes it well suited for
the integration and maximum utilisation of intermittent renewable
energy sources on the grid whilst keeping emissions low. DICE could
play a large role, especially for power grids with high amounts of power
generated from the sun and wind.

The fuel cycle, which includes coal beneficiation and hydrothermal
treatment, has to be trialled at large-scale to provide the technical basis
and the associated production costs for an industrial scale fuel
production system.

Subject to such a trial being successful, there are plans by stakeholders
to establish an industrial pilot technology demonstration as a step
towards a commercial scale unit.

DICE is based on technology developed within the US DOE coal-fuelled engine R&D
programme, which was completed in 2004. Ignite Energy Resources, Exergen, JGC,
Xstrata Technology; Yancoal and Intertech have all produced appropriate micronised
coal based fuel at the pilot-scale. CSIRO has undertaken test-firing in laboratory scale
DICE equipment, and has shown that operation with fuels made from high- and
low-rank coals can be technically successful. Economic analyses conducted by CSIRO,
ANLEC R&D and MAN D&T show favourable economics for power generation
applications, compared with diesel in distributed generation and gas in centralised
generation systems. These trials suggest that DICE is best based on 1-5 MWth cylinders,
i.e. large two-stroke engines, to ensure optimum performance for a range of processed
feedstocks. MAN Diesel & Turbo plans to operate a 1 MWe pilot-scale DICE in Japan.
The fuel cycle, which includes coal beneficiation and hydrothermal treatment, also has
to be demonstrated at large-scale to provide the technical basis and the associated
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production costs for an industrial scale fuel production system. Assuming acceptable
results from pilot-scale DICE tests and the fuel cycle assessment, DICE could proceed to
large-scale and long-term demonstration, with the prospect of a commercial DICE
prototype being built in 2025.

This note is based on the report: The direct injection carbon engine — (CCC/243 December 2014) by
Mr Kyle Nicol, The report is available to download from the IEA Clean Coal Centre bookshop.

The IEA Clean Coal Centre is the world's foremost provider of information and analysis on the clean and
efficient use of coal worldwide, particularly clean coal technologies, in a balanced and objective way,
without political or commercial bias. IEA Clean Coal Centre has contracting parties and sponsors from:
Australia, Austria, China, the European Commission, Germany, India, Italy, Japan, Poland, Russia, South
Africa, Thailand, the UK and the USA.
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