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The Three E’s of Sustainable Development

In Otober 2002 the 16" Party Congress established the goal of expanding China's economy
fourfold by 2120 and defined the Three E's strutegy for Economic development, Enerpy security,
and Environmental protection. In pursuing these goals, Ching's energy svstem cannot continue
to expand using the curment approach.  The risks ane that;
4  Ching will become overly dependent on oil imports o 2 result of the rapidly prowing
demand for liguid fuels, especially in the transportation secior,
4 Bevere additional public health and environmental damoeges will cccur in China with
very large economic consequences (projected to grow from over 7% of GDP to 13% of
GDF in 20200, and
% Climate change impacts will begome sipnificant, and Ching will not be able o make
its contribution to mitigating greenhowse gas (GHG) emissions under the United

Mations Framework Convention on Climate Change.

Can these risks be mitipated at reasonable cost? The answer is *yes™. This 15 based on
specific technical analvses and modeling of China’s integrated energy economy.” The Task Force
on Encrgy Strategies and Technologies CTFEST) analyeed two alternative strabegies, as shown in

Figure 1 wsing Base case technologies and Advanced cese technologies throogh 2080, The

China. as a party o United Matians Framewoark Convention on Climate Change, ™ .. should protec? the climate
gystem. . on the basis of eguity and in accordance with [its] common bet differentiated responsibilities and
respective capabilities.” [Article 3)

' Bee the list of backgrouand papers at the end of this report.



analysis indicates that there are advanced energy technology systems that can support growth
oojectives while dramatically reducing wir pollution and withowt China's becoming overly

dependent on imports.
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The Buase technologices strutegy, which continues to orely on coal combustion for power
generation and on petroleum-derived fuels, cannot meet the same objectives, especially not the
one for energy security. A recent Energy Rescarch Institute (ERD) analysis,’ shown in Figure 2,
indicates that oil imports might exceed 0% of total consumption by 2020 under a business-gs-
usul scenario.

However, the TFEST analysis shows that the Advanced technologices strategy. which prowvides
the sume energy services at about the same cost as the Base technologies strategy, might limit ol
and gas imports to some 30% of todal supply while alse mesting constraints for 50, and long-
term carbon emissions. This strategy builds on the combination of energy efficiency, natural gas,
renewible energy, and “modernized” coal. By aggressively pursuing the Advanced technology
strategy now, TFEST believes China could reduce projected odl imports by up o 50 Mtos per

vear in 2020, and by rapidly increasing guantities thereafier,

Comprehensive Repoet on China’s Sustainable Energy Development and Carbon Emission Scenario Analysis,
Energy Research [nstibate of the Mational Development and Reform Commission, May 20003,



Modernization of coal is a large and necessary component of energy svstems that satisfy
the Three Es for China's sustainable development. Modernization of coal refers to the
use of pasification technology 60 produce synthetic gas for power, clean fuwels for
transportation and cooking, and heat for both domestic and industrial heating applications,
to replace coal combuostion technolegy and oil imports. This strategy is based on technologies
that are mostly known and proven, many of which are already in use in China, largely in the
chermicals sector. What 15 needed tor successtul implementation is to promote the integration
of, and investment in, those technologies rather than the development of many new ones.
Investments in new capacity should be directed to gasification-based systems, with an emphusis
on co-production of multiple energy cummiers and often chemicals as well at the same site, ic.,

polygpeneration. A flexible and pdaptive strategy needs to be implemented step-by-step. The

For the Advanced Technologies Scenario 50 emissions are reduced from 23,7 M in 1995
tor 16,2 NIt im 2020 and 8.8 Mt in 2050, Imports of oil and natural gas are limited to 30%
of consumption of wil and gas over the long-term. The 66 Gt O cap is 2 comulative carbon
emission allowsnce for China based on atmospheric C0}; stabilization at 430 ppmvy and a

year-2000 population-based apporticning of globally allvwed carbon emissions,
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This projection is from the Energy Research Instituie's Sustainable Energy Development

and Carbon Emission Scenario 3 (High Efficiency, but without Cosl Gasification)?

Based on estimates of the Electric Power Technology Market Association of China, two-
thirds of the coal plant capacity that will be operatimg in 20200 is yet to be buoilt,

Time i= running out to implement this strategy because larpe investments are planned for

glectncity over the next decade that will kock in the mode of coal use for meeting China’s



glectrcity requirements through 2020 and for many decedes thereatter. Figure 3 indicates that
two-thirds of the coal plant capacity that will be operating in 2020 is vet to be bult. The
recommended strateey seeks (o shift a significant portion of this new capacity onto & sustainable,
modern path. BEgually, decisions must be made now to allow for investments in new tvpes of

transporiation fuels and intrastrocture.
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Urgent Action by China's Leadership is Required

importance o energy planning for China in both the near and longer term.
1. Strategy for Modernization of Coal

This report highlights the need for a fundamental and wrgent change of direction towards
investment in coal gasification and away from investment in coal combustion. There is strong
evidence from the studies carried out by the TFEST that China's energy system should evolve
over time to the production of electricity, heat, clean fuels, and chemicals from various ges sources
(synthesis gas from cowl and biomass, natural gas, coal-bed methane). The polvgencration
gpproach o providing these products is the most cost-eftective and environmentally attractive

supply option for reducing dependence on oil imports,

Polygencration reguires integrating and building flexibility into production facility siting
and infrastructure planning so as to facilitate innovative approaches that optimize
investments. One gxample would be mine-mouth siting of polygeneration facilities together
with vse of common rights of way for pipelines and ¢lectric transmission lings to get the
prodiucts o market.



[nvestment decisions made over the near term for new capacity will be crucial fo launching this
coal modernization strategy. Delaying the start of the fransition fo coal pasification-based
polypencration technology would significantly increase the costs fo China of air pollution
damages, of pil imports, and of reducing GHG: emissions.

In order for planning and implementation of o polygencration strategy o move ahead fast
enough o catch the investment cycle that s driven by rapid GDP prowth, there is o need for
creating new industries by merging traditionzlly separate indusirial activities.  There is5 a
parillel need to intcgrate actions across the vanous government departments involved (such as
chemicals; electneity generation, transmission, and distribution; petroleum refining and produoct
distribution; natural gas; oil and gas pipelines; coal mining and fransportation; reneswahle energy,

transportation, etc.).

An important side-benetit is that it China follows the recommended approach it wall inevitably
drive costs down as it progresses along the learning curve amd develop a uniguely valuable
inbernational competitive advantage and o capability that will eventually have export value.

The analysis has shown that a coal/synthesis gas polygeneration option must al=o be linked to an
overall energy strategy that inclodes improved energy efficiency, the widespread uwse of
renewable sources of energy and naturul gas, such that developments in related energy fields wre
planned in a way that provides the maximum benefit to China.

2. Main Recommended Actions

The mecommended merging of planning by government departments is mot easily achievable,
For this reason, and given the imperative of mpid decision-making by the government if the
country is to enact the most efficient near- and long-term cnergy investment strategies, the
TFEST recommends that the ideas proposed in its report be presented to top-level government

officials as soon as possible.

This matter is of such stratepic importance to China that:
< g very focused “Denp’s trip to the Scuth™ tvpe of government and industry
initiative showld be launched, and
<  clear direction should be given such that the relevant integrated planning bodies,

capacity building activities, and enabling policies will be put into place guickly.

[n the Chinese socialist market economy the povernment primarily creates the environment in
which this initiative can be successful. 1t is necessary o state the objectives and targets clearly,
to keep o consistent policy for a long time, to identify and remove barmmiers, and to create
favourable conditions that will result in the intended actions by business.

This report explains the conclusions presented above in more detadl.



Modernization of Coal

Coal 15 gbundant and cheap but is an inherently dirty resource that historically has provided
energy via its combustion. In this mode coal has a limited energy market opportunity (heat and
power only) and causes enormous environmental problems. Gasitication to make synthesis gas
provides the basis for coal modemization that cnebles heat and power o0 be made in muach
improved ways and also opens up vist opportunities for new liguid and geseous fuel markets so

that coal can serve essentially all energy markets.

Coal modernization based on gasification can be realived with already commerncinl technological
components that are brought topether in new kinds of energy systems that are mangged in
mnovative ways., Modermization brings immediabe economic, oil-import reduction, and gir-quality
benefits, and puts into place the kev enabling technologies that make it poesible to address later,
with enly minor technical modifications and at modest cost, the challenge of climate change

Figure 4 shows that modernization of coal in China would boild on the already extensive
Chinese experience in the chemical process indusiry with coal gasification and a worldwide

gasification expenence buse that is expanding rapidly.
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Crasification is a booming activity worldwide, with a total installed synthesis gas capacity of
61 (:Wth and mew capacity being added at a rate of 3 GWth per year,

" The incremental costs are relatively modest because gasification makes it possiale to recover OO, (for
underground storage) at high concentrations prior i combustion.



1. Gasification for Power and CHF

Crusification makes 1t possible to exploit with coal the ever confinuing advances in gas turbine
technologies tor both power only applications (combined cveles) and for combined heat and
power (CHE) applications (gas turbines or combined cycles). Gas turbines and combined cycles
offer substantial cost and thermodynamic advantages in CHP compared to the steam turbines
that must be vsed with coal combustion. Electricity provided via gasitication will have ir

pollutant emission levels as low as for natural gas combined cvele electnicity.

Electricity via coal peasification can be provided inoeither an integrated pasification combined
cycle (IGOC) power plant or in a polvgencration plant. At present, 1GOC plants budlt in Ching
cannot compete with coal steam-electric planis unless 5Ch and N0, emissions controls are
reqguired for the latter-and even in that case MGCC plants would just barely be competitive on a
lifecvele cost basis, which 15 not financially attractive emough o motivale power generating
companics to adopt the technology for new plants. But as discussed below, electricity gencrated

in polygeneration plants is a financially attractive option in China.
2. Gasification for Synthetic Fuels Production

Cusification also mekes it possible to provide clean synthetic foels in the near term, such as town
gas tor cooking and heating, dimethy] ether (DXME) for cooking, and methanol, Fischer-Tropsch
{(F-T) liguids® and DME for transportation. For the longer term, gasification makes it possible to
provide fuel in the form of hvdrogen with near zero emissions of greenhouse gases it the CO,
co-product of hydrogen manufacture 15 stored undergrounsd.

Crusification makes it possible, starting with the tao small molecules carbon monoxide and
hydrogen that are the major constitvents of synthesis gas, to design fuels that are vastly superior to
hydrocarbon tfuels (derived from crude oil or via direct coal liguefaction) with regards to both
performance and emissions. For transportation fuels this 15 an imporiant considertion becapse
over ime tightening air-guality regulations imply that meeting these regulations with conventionl
hydrocarbon fuels will require ever more sophistcated exhaust gas after-treatment technology and

major improvements in feel guality with concomitant large oil refinery investments.

The nesd for such costly continuing modifications of oth production and end-use technologics
can be minimized with gasification technologies. The basic approach 15 to fimst clean the
synthesis gas of all the noxious materials such as sulphur, nitrogen, and mercary (os 05 already
routinely done for most such materials in the chemicals industry in China) and then choose a

chemical manufacturable from carbon monoxide and hydrogen that comes the closest 1 meeting

* Primarily synthetic hydrocarbon fuels similar o Diese] fiosl and gaseline,






the performance goals {e.g., high cetane number or high octane) and emissions goals (eg.,
inherently low particulate and N0, emissions in combustion).

3. Polygeneration

swnthetic fuwels amd electricity can be manufactured either in separate facilities or in
polyepencration plants that provide both products  simultanecusly. There are  substantial
investment cost savings associated with the polygencrution option that makes it possible to
produce clean svothetic liquid tuels from coal that will e competitive at crude oil costs of about
520 per barmrel or less. Because of the favorable economics of polygeneration, tvpical coal
gasification-based systems in the future are Likely to provide muliple energy products as well as
chemicals. See Figure 5.
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Crasification to modernize coal makes it possible to produce synthetic fuid fuels as well as
heat and power. The least costly option is polypeneration, in which muoltiple enerpy
products (a5 well as chemicals) are produced from coal-derived synmthesis gas in the same

facility. Modernized coal can provide enerpgy carriers such as DME that are Far superior to
crude pil-derived hydrocarbon fuels. New infrastructures will be needed-for DME in the

medium-term and for hydrogen in the long term. Eventually synthesis gas might be made

from a varicty of carbonaceowns feedstocks at the same facility (“‘carbon refinery™).






Unlike the situation for IGOC power plants, there §s o sirong financial incentive to produce
clectricity via polygeneration because by so doing the cost of synthetic fuel production can be
sippificantly less than if only synthetic feel = produced. Howewer, essential to reaching
attractive syothetic fuel costs 15 that the fuel prodocer must be able to sell the electricity co-
prosduct into the electnc grid at o remunerative price. A TFEST analysis shows that such a price
could correspond approximately to the cost of making electricity from a coal steam-electric plant
cquipped with 50, and X0, contrals.

4, Carbon Refineries in the Long Term

Modemization of coal via gasification puts coal on a path that s also being pursued for other
carponacenus feedstocks, Al refineries around the world svnthesis gas 15 being made by
pusification of petroleum residuals for the polygeneration of hydrogen, electricity, and steam.
{5ee Fipure 4.) There is worldwide interest in F-T liquids derived from natural gas that is also
based on first making synthesis gas from naturel gas. A leading option for making synthetic fuels
from biomass 1s vie gasification; in Sweden, for example, activity i= underway to meke DME

trorn biomass wastes in the pulp and paper indusiry.

[n the future “caron refineries™ might provide a punoply of energy and chemical products from
swnthesis gas that is derived from a vanety of carbonaceos feedstocks-various combinations of
coal, heavy oils, petroleumn residuals, natural gas” biomass, and even municipal solid weste,
(See Figure 5. Rural carbon refineries based on agricultural residues might become important
in Ching-g.g., prodecing via polyeencration DME (for cooking fuel) and electricity close to
where the energy is needed.

Vision for Modernized Coal-by End Use

As shown in Figure 5, modernized coal would evolve from one set of techrological options in
the near'medium term CHNG6—20200 to 2 modified set of options in the long term (bewvond
20241).

1. Mear™iadium Term

In the medium term, town gas, methanol, F-T lbguids, amd DME wouold be produced in
polygencration facilities that make co-product clectricity. The markets served would be;
<  Domestic heating and cooking in urban arezs: town gas as coal replocement
<+ Cooking fuel for rural areas and small fowns: DME, which would augment LPG using
the existing LPG infrastructure and would be derived from both coal (20062020

Including small reserves of natural gas and coal-bed methane far from markets for which it is not cost-effective
todevelop pipelines.



and biomass Cheyond 2005)

<  Industrial heating: town gas as coal replacement

< Motor vehicle fuel substitutions that require no new infrastructures beyond refineries;
o Methanol in blends with gasoline (as gesohol)’
o F-T liguids in blends with Diesel fuel.

<  Motor vehicle fuel substitution that reguires & new infrastrocture: DME introduced
during 2006201 5-starting with buses and trucks but later wlso in cars along with a
shifl to compressicn-ignition engines.

<  Urban electricity: coal polygencration facilities co-producing methanol and DME

<  Ruoral electricity: biomass polygeneration tacilities co-producing DME (heyond 2005)

Although in this period coal would not be decarbonized for climate reasons, partil
decurbonization and underground CC, storape can be cammied out as an acid gas management
strategy in conjunction with synfuel production. Removal of the acid gases HS and COy from
synthesis gas is a necessary part of making these fuels. Removing them together and storing
these acid gases underground can sometimes be & less costly option than the conventional
approach of separating out the HS and reducing it to elemental sulfur (see Appendix A). This
strategy can make liguid fuels produced from coal in the near term less GHOG emissions intensive
than petroleum-derived hydrocarbon fuels and provide near term experience with underground
storage of H5 and OO to facilitate a transition later to higher levels of fuels decorbonization.

2. Long Term

In the longer term, when global climate change considerations will have a powerful influgnce on
coergy planning in all countnes, it is likely that the major energy carmers will e hyvdrogen,
clectricity, and one or more carbon-based energy carmier provided in oways such that (GHG
cmissions for the global energy swstem will be about 30% or less than ot present. Such low
emissions can be realized from coal via gasification at relatively low incremental costs of C0); is

removed from synthesis gos and stored undergrownd.

Producing hvdrogen trom coal with near zero GHOG emissions will not be technologically
challenging for Ching, and mav furn out to be the least costly way to make hydrogen with near
rero emissions (see Appendix B). The major challenges relating to hydrogen are: O scientific

uncertainties relating to underground C0), storage (many mega-scale demonstration projects are

Cinsohal can be provided {0 gasoline engine vehicles withoat significant modification of the engine and fioel
system with the methanol blending fraction up to 5% by volume (M15). One liter of methaned wsed in gasohal
can displace 25%-30% more gasoline (by erhancing gasaline performance) than it can as MES fuel. Therefore,
oil import reduction can be maximized if the 315 limit is reached for gasoline before a shift is made o MBS
vehicles to achiewe further reductions of oil imports. Without M5, pasoline consumption in 2020 wwpald be
170 hillion litersiyear. [Ff M 15 became the nomm for gasoline by 2020, some 21 billion Litersivear of gasoline
could be displaced annually.



needed), and () development of markets for hydrogen - there is intensive ongoing worldwide
development of hydrogen fuel cells for vehicles.

Hydrogen would be used mainly in cities. For rural areas carbon-based fuels would be needed,
Decuuse hvdrogen infrastructure is very costly at low energy use densities. Although only partial
decarbonization of coal can be realized with carbon-based foels, total GHG emissions coming
from rural areas would be =0 small that climate mitigation goals for the entire energy sconomy
could stll be realized.

Infrastructure Issues

Modernization of coal via gasification will pose new infrestructure challenges for Ching, but it

will provide opportunities as well.
1. Easing the Rail Infrastructure Froblem

Modemization of coal could provide opportunities tor alleviating the formidable challenges of
getting coal to market by rail, which presently accounts for about T0% of rail utilization capacity
in China. Polygeneration plants located close to the coal mine could export electrcity by wire
and liguid fuels by pipeline as an aliermative to geting coal o market by raill.  Such
“mincmouth” siting would preclude the option of providing town gas as a polygencration
product, but toown gas could be replaced by DME, a safer fuel because it contains no carbon

maonox e,

2. Infrastructure for Electricity

Minemouth siting of polygeneration facilities might lead fo greater electricity transmission
requiremnents than would otherwise be the case. It will be important for Ching to keep abreast of
and incorporate advances in transmission technology that are being continually made, especially
for DO transmission technology, which offers cost advantages for long-distance transmission
relative to AC technology.

3. Minimizing the Mumber of Carbon-Based Energy Carriers

The numbear of new carbon-based energy carners should be minimized because infrastructure
ciosts are huge. Thos it is desirable to try to find new carbon-based energy carriers o introduce in
the near berm that society will want to have even in the longer term. Ldeally, there should be only
one carbon-based energy carrier in the long term. DME is an outstanding “third” energy carmier
candidate (the carbon-based complement to electnicity and hydrogen) that can be introduced in
the near-term. It can serve many aliermative fuel markets, it is viftwally non-toxic, and wir-

pollutant emissions trom DME-fueled vehicles are low even without exhawst gas atter-treatment.



4, Infrastructure for DME

Imiroducing DME as & new coal-derived cnergy camier reguires o new energy infrastructure,
becouse this fwel must be mildly pressurized in canisters, as is the case for LPCG This
infrastructure challenge is the main reason why most industnolized countries are nod pursuing
DME despite its outstanding performance and emissions characteristics.  However, Japan s
pursuing DME intensively - in part hecause it is the only industrialized country that widely uses
LPG for domestic applications, and i recognizes that future LPG supplies may not be adequate
to meet its domestic needs.

Ching, other developing countries, and Japan have extensive LPG infrastructures that can easily
be adapted to DME. For these countries, bringing about a shaft to DME will be far easier than for
industrinlized countries that lack extensive LPG infrastructunes,

With respect to DME applications in trunsportation, China has an advantage relatve o most
other countries in that s hydrocarbon transport fwel infrostructure is at an carly stage of
development. However, this advantuge would be larpely lost if there is a long delay in
introducing DME as a trunsport fuel. Thus there 15 an urgency o0 launch & DME economy for
transportation during 20062015,

5. Infrastructure for Hydrogen

In the case of hydrmogen, there 15 not an urgency for establishing an infrastructure for widely
distributed applications, because hydrogen fuel cells and other end use devices are not vet close to
being commercially viable. Howewver, in the near term, limited hydmgen infrastoocturs
development might be pursued for applications involving hydrogen refueling of dedicated vehicle
flects-such as for hydrogen-fueled hvbrid electric/internal combustion engine buses and also for
fuel cell vehicle demonstration projects. Such applications could typically wse hydrogen available

a5 a result of excess production capacity at ammonia plants and other chemical process plants.
Recommended Actions by Government

The Mational Development and Reform Commission (NDEC), especially the Energy Bureau,
should clearly articulate the long-term energy strategy for sustainable development, including
large-scale coal gasitication and polygeneration.
< Develop o detailed cross-sectoral plan for gasification-based coal modernization.
< ldentify and remowe legislative and regulatory barmers to modemization of coal.
< Given the high rate of investment needed for any strategy to meet Chine's energy nesds,
remove barriers for rapid investment of Chinese funds, perhaps through a fast-track
mechanism.

Establish the obligation by the power grid to buy gesification-based electricity.



-

For an inteeductory (5~10 yeard) period offer remunerative prices for qualifying
gasification-based projects.

A date (e, in the period 2005 20200 should be set by which all new coal electric
feneration capacity should be gasification based.

Establish a mechanism such as a porttolic standard to manage the trunsition from the
introductory period In & manner that prometes competition in gasification  power

peneration.

Establish the obligation by transporiation fuel providers to wse gasification-derived fuels (such
as F-T liguids, methanol, and DME)" designed with an emphasis on reducing odl imports.

=

By 202 most gasoline sold should be M15, wath o step-by-step implementation from
the present.

By 2020 most Dig=el fuel sold should be blended with F-T liguids, with a step-by-step
implementation from the present.

For an introductory (5-10 year) period offer remunerative prices for DME used in
trunsportation, followed by incentives to progressively replace oil impors.

Provide market suarantess to introduce DME for expanding access to clean fwels in rural areas

and small towns, primarily for cooking.

Facilitate financing for the modemization of coal.

.

-

Supportpromede prvate-sector investment in polygeneration, e.g.. by redoced taxes,
lorw-interest loans, making risk capital available,

Develop appropriate policy for attracting foreign investment.

Promode multi-sector capacity building and education (eg., NDEC, MOST, State Environmental

Protection Administration, Mational Natural Science Foundation, electric power  ofilities,

chemical industry association).

-
S

Increase public awareness of the benefits of coal modernization.

Oirganize seminars and courses of different levels (for government officials, leaders of
enterprises, local povernment officials, engineenng companies, and even students).
Amunge site visits to already launched projects (and feasibility stady projects) for
above-mentioned organizations and personnel.

Involve the concept and technology of modern coal uhlization in appropriate courses
for university students and techmicians.

Promode the formation of industry associations for targeted areas (e.g., polygencration

associgton, DME association).

" In the transportation sector, this could build on the experiences of Shanxi Province and some cities where thers
exist sirong local incentives and appropriate infrastructure for implementation of such a policy.






Fund and actively engage in more intensive RDED and stucdies (NDEC, MOST, and others) in

areas suwch as the following:

=

Key technologies for polygeneration, such as gasitication techrology, large-scale gas
turbines, liguid-phase reactors. and new catalyst systems.,

Applicution of DME as alternative fuel for compression-ignition engines.

Application of methancl at high concentrations for high compression ratio spark-
ignition enginges,

Infrastructure development needs and optimal investment plans reguired for cool
modernization, e.g.. understanding optimal siting” of polvgeneration facilities in the
large-scale (post demonstration) phase.

Riole of polygencration in sustainable urbanization.

Supportpromoton of gasification-based coal modemization projects that have already
been approved Y anzhow, MNingxia, Chonggin, Yantai, ete.].

Support for additional polygeneration demonstration projects to come on line during
20062010, especially in regions with large rescurces of high-sulfur coal andfor with
opportunitics tor O0- utilization or storage.

International colluborations and demonstrations gimed at improving the understanding
of the viability of underground storape of CO; (eg., Carbon Seguestration Leadership
Forumj.

Support actions that will facilitate the proposed strategy but which are likely o be taken by

povernment for reasons that are not specific to polypeneration:

.
<

L R

L -

More emphasis on including health and environmental costs in the price of fuels.
Intreiduction of more ambitious emission standards for electric generation and chemical
process plants and for automaobiles.

Intreduction of more ambitious standards for urban air quality.

Liberalization of encrgy murkets with regulations to protect public benefits.

Freeing up of Chinese funds for investment.

More emphasis on egual, transparent, and predictable conditions for domestic and
foreign investment.

Facilitation of joint ventures.

Harmonization of international and Chinese design and construction standards.
Improvement of the protection of intzllectual property rights.

Streamlining and speeding up of project approval process.

Modemization of coal mining to redece signiticant health, safety, and environmentil

problems.

" For example, ooal rail transport toe city-gate conversion plants vs. remode siting with pipelines and electric
fransmissian.



Appendix A: Acid Gas Management in Synfuel Manufacture

In the process for making synthetic fuel via gasification, the acid gases HS and OO0, must be
removed from the synthesis gas ghead of the synthesis reactor (see Figure A). The synthesis gpos
must be cleaned of HeS to ppb levels to profect the catalysts in the synthesis reactor. Much of the
C0)y omust be removed 0 maximize synthetic fwel production. The recoversd C0; might he
vented, but the HS cannat be vented because it is highly toxic. Typically, at plants around the
waorld that make methanol vie gasification of coal or petroleum residuoals, the HS 15 recovered
and redwuced to elemental sulfur, which might be sold as byproduct. Once a large gasification-
based fuels industry is established, the by-product value of sulfur will be negligible n many
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Two alternative system confipurations for fluid fuels production from coal via gasification
are shown., The configuration at the top represents “once-through™ synthesis with
exportable electricity co-product. The confipuration at the bottom represents “recycle™

synthesis with no net exportable electricity product.

An alternative acid gas management strategy that avoids the costs of separating the HS from
) and reducing it to elemental sulfur s to capture the HS and COk together using an
appropriate solvent, to dry and compress the mixture to liquety it, and to transpor! it via pipeline
to an underground storage site-e.g., 8 deep saline aquifer or depleted oil or gas field.

There is already some expenence with co-capture of H-5 and OOk and co-storage in
underground miedia {aguifers and depleted oil and gos fields) in conjunction with natural gas

production from “sour™ gas fields, where the natural gas 15 contaminated with both of the acid



gases Hs and COx . There are 21 such projects in Alberta (Canada) and one in Texas (United
States) (Longworth, ef al., 1995, Wichert and Royan, 1997; Whatley, 2000). In these projects
gppropriate solvents are wsed to remove the acid pases before the natural gas s morketed.
Environmental regulations require that the HS (or 50 of the HS is first bumed) not be vented
to the atmosphere. Originally, this activity involved reducing the HS o elemental sulphur,
selling the sulphur, and venting the CC), to the atmosphere. Howewer, sulphur prices are now so
Iow that a less costly alternative 15 to not make sulphur but instead 2o dispose of the H3C0,
mixtures underground.

Amilysis carried out for the TFEST (Williams and Larson, 200050 considersd this H5000, co-
cupture, co-storape scheme (assuming 100 km pipeline trunsport of the H5/CO, mixture to a
storuge site in an aquifer 2 km underground), as well as the conventional scheme that recovers
clemental sultur for both methano] and DME manufacture. The fuel cvele GHOG emissions of the
H.5/C0)., co-capture, co-storuge option were found fo be no more than halt as large as for the
conventional scheme, at no increase in foel cost-in essence, carbon mitigation at no increase in

cost, as & byproduct of an innovative approach to acid gas management.

This finding is contingent upon the viability of large-scale underground co-storgge of HS and
L. Although expenence with acid gas disposal in conjunction with sour natural gas projects in
Morth Amernca suggests that this strategy 15 effective, disposal rates for those projects are modest.
Many "megascale” demonstration projects {e.g, invalvine geological CO), disposal at rates of the
order of one million tonnes OO per year) along with approprniate monitoring, modeling, and
schentific experiments, in wliemnative geological contexts, are needed worldwide to give a high
degree of confidence in the vighility of this strategy. 1t is desirable to find oot os soon 2s possible
if underground co-storage of COs and HS is a viable stratery for widespread applications-both
as 4 climate mitigation strategy and as a sulphur management strategy in synfuels production.
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Appendix B: Making Hydrogen from Coal with Near-Zero GHG
Emissions

Muking hydrogen from coal with venting of the COy co-product is fully estublished commercial
technology that is familiar in China, which produces 5 out of the 4 million tonnes per year of
hydrogen produced worldwide-mostly to meke ammaonia, with o significant and rapidly growing
fraction made from coal wsing moedern coal gasitication techrology.

The technodogy required o dry, compress, transport, and mject OO, underground in depleted odl
and gas fields or deep saline aguifers 15 also fully established commercially-in connection with
both enhanced o1l recovery operations (mostly in the US), acid ges storage in connection with
“sour” natural gas exploitation {mostly in Canoda). and the Sleipner Project in the Morth Sea.
And, in contrast to the high cost associated with recovenng COy from stack gases of fossil foel
combustion svstems and storing it underground, the incremental cost of hydrogen associated
with putting 0. underground = modest becouse the OO0, is available in a relatively pure
concentrated stream (whereas it makes up only gbout 153% of the stack gas of a coal combustion
unit). Hydrogen from coal based on commercial technology with underground storage of Cl,
stands owt ss potentially the least costly means of moking hydrogen with near-zero CO,
cmissions-less costly probably even than hydropen from renewable or nuclear sources based on
hoped-for future innovations {Williams, 2003},
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