
China continues to drive forward the extensive
industrialisation of its economy, which has been fuelled to
a very significant degree through the massively increased
use of coal. At the same time, there has been a significant
increase in the use of petroleum products in the transport
and heating sectors while both oil and gas have been the
starting point for transformation to other key products in
the chemicals sector. Since the country has comparatively
limited supplies of oil and natural gas, this has led to
national demand exceeding domestic supplies, with an
ever-increasing level of imports being required, which
represents a potentially significant energy security issue
for China.

The state government is implementing a wide range of
measures to secure oil and gas from a diverse range of
sources while also introducing energy efficiency measures
in various production processes. As part of this initiative,
since it is rich in coal resources, there has been a strong
interest in using coal rather than oil or natural gas as an
alternative raw material for the production of transport and
heating fuels, gas and chemicals. Consequently, from 2004
onwards, China embarked on a structured programme of
research, development and demonstration, leading towards
the establishment of a coal-based transformation industry.
The key products are coal-to-oil, gas, olefins, dimethyl
ether and ethylene glycol. Many of these activities have
been taken forward by the major coal producers and power
generation companies, all of which are seeking to
diversify their business interests. The projects are at the
stage where some very large industrial-scale projects are
being constructed, while for coal-to-oil, a major
demonstration and three industrial pilot units are already
operational. As such, over the next few years, China could
establish first user advantage for a wide range of coal-
based technologies.

However, it is not at all certain that the originally
perceived deployment of commercial-scale technologies
will follow. The major issue is the investment
requirements as, irrespective of the technology option
chosen, coal-to-oil, gas and chemicals is a capital-
intensive process. Most studies on process economics have
assumed that a full-scale commercial plant would produce
some 2.5–5.0 Mt/y of product. The overall investment for

this size of plant in China would be enormous, and in
order to be profitable, these coal-based chemical plants
would require a big, sustained advantage in feedstock
costs to be competitive with oil and gas. On such a basis,
for coal to oil, independent analysts have suggested that
production costs in China would be in the range
27–35 US$/bbl of oil, rising to 45–50 US$/bbl once
distribution costs and taxes are included. This assumes
that the coal mining costs are below 10 US$/t, and
currently the average cost of mining a tonne of coal in
China in the large mining complexes in North-Western
China is about 8 US$/t. However, this is within a wide
range, dependent on local circumstances and it does not
take account of the high prices that can be realised if the
coal is sold for other applications rather than made
available for coal conversion projects. Under such
conditions, the leading stakeholders have claimed that
when crude oil prices are above 50 US$/bbl, the process
should be nominally profitable. However, when oil is
below about 35 US$/bbl, the CTL plants would lose
money. As such, given the uncertainties in the coal-based
production costs and the future price projections for oil
and oil-based products as well as international competition
from gas-based production processes, the economics of
coal-to-oil/gas and coal-to-chemicals projects in China
will probably appear to be high risk.

There are also doubts as to just how feasible it will be
to significantly reduce China’s import dependency for oil
and gas. Thus there are resourcing concerns regarding the
excessive use of coal and water to produce quantities of
products that will not significantly reduce the projected
import levels of oil. Producing transport fuels and
chemicals from coal is a carbon-intensive process and will
involve a substantial increase in greenhouse gas emissions
compared with possible oil-based alternatives. However,
as CO2 will be provided as a concentrated by-product from
both coal conversion variants, unlike in oil refineries, it
will be readily available for capture and either storage in
geological formations or use in some other mitigation
process. There has been some interesting work in the
USA, which identifies the economic conditions under
which CTL combined with CCS can have a smaller
carbon footprint than petroleum-derived diesel, while
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being be economically competitive. Such a study needs to
be undertaken in China to ascertain how applicable it is to
the Chinese current situation.

Consequently, taking all of the above issues into
account, it has been suggested that alternative approaches
need to be considered, since it may be more cost-effective
to further invest in building efficient urban transport
systems, raising the fuel efficiency of all of China’s
vehicles including agricultural ones, and switching to
electric vehicles.

Ultimately, the next five years will be pivotal in
determining the extent of China’s coal-to-oil, gas and
chemicals deployment. In that period, the various large-
scale trials and demonstrations for the five key
technologies will be undertaken and should provide
sufficient data from continuous operation to allow a
realistic assessment of the technical and economic options
to be undertaken such that the basis, or otherwise, for
commercial-scale plants can be established. The first to
achieve that will be the coal-to-oil projects, probably
during 2011. The three coal-to-olefins trials will
commence during 2011 and will thus provide the next
stage of the technology assessments. These will most

likely be followed by the results from the
coal to synthetic natural gas projects. For
DME, only one very large project has
received construction permission, in part
because the issue here is less technically
related and more to do with market
determination and infrastructure. For coal
to ethylene glycol, this is currently at the
large-scale R&D stage although plans for
scale-up are being prepared.

Should China decide to pursue the
deployment of coal transformation
processes, it has the means to undertake
the heavy engineering necessary to
establish these very large coal
transformation production units. While it
has drawn on international technology
suppliers for many of the key components,
through licences and joint ventures,
increasingly Chinese companies are
establishing their own intellectual property,
with the prospect of reducing overall costs
that should make the technology more
competitive. 

In conclusion, when all of these coal
transformation options are considered, it is clear that the
recent strategy of developing and utilising indigenous
energy sources and reducing dependence on energy
imports is no longer a wholly viable way forward, as
evidenced by the shift to diversify sources of international
supply of oil and natural gas. For the longer term, the
future of all these coal transformation projects will depend
on what policies and regulations the state government puts
in place. While these will need to address efficiencies of
production processes, the government will also need to
consider whether a better investment could be made to
achieve the same impact (for example, energy efficiency).
This is part of a much bigger question, namely how China
deals with the increasing challenges of balancing
economy, energy and environment, as part of its aim to
establish sustainability of its long-term development
while, at the same time, addressing shorter-term issues
such as matching supply and demand.
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