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Introduction

lt is an undeniable fact that the uncontrolledburning of coal will release
into the environmentcarbon dioxide (C02),sulfur dioxide (S02),oxides of
nitrogen (NOx),particulatematter, liquid effluents, and ash. The relative
amount and type of these emissionswill be determined by the amount of coal
burned and the effectivenessas well as the degree to which some type of
emission controls are used.

At the same time little effort is required to confirm the importance of coal
as a fuel source for meeting the increasingdemands for energy both in the
United States and internationally. Performing such an exercise would
establish that the U.S. should be preparing to use twice as much coal
representing an increase in its share of total U.S. energy consumption from
today's 26 percent to about 40 percent over the next 50 years (I).

This same study would show that the total coal fired generating capacity
worldwide is expected to nearly double over the next 30 years or by 2020 an
increase of 870 GW over the 1040 GW of installedcoal capacity that existed
in 1990 (2). These two facts, the pollution potential of coal when used as
a source of energy and the world's need for that energy when considered
within the context of the environment,frame the issues and define the
challenges facing the coal industry as we move into the next century.

Technoloqy Development

As the coal industry looks forward to resolving such issues as acid rain,
global warming and minimizing the impact of environmentalexternalities,it
is importantto remember that over the years different but equally as
important issues have been addressed and have been resolved. Improved
technology is the key to compatibilitybetween coal utilization and
environmental protection. On a global basis the importance of this linkage
between technologydevelopment, coal utilization and the environment has
been emphasized by the ConservationCommission of the World Energy
Conference (3) which reported that:

(a) Future global economic growth particularly in the developing
regions will be associatedwith very large increases in
electricitygrowth.

(b) Coal which provides over 80 percent of the world's nonrenewable
energy resource will become increasinglyprominent in the coming
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decades. Worldwide coal usage is expected to exceed the use of
petroleum during the first decade of the next century and to
continue its preeminence during at least the following 50 years.

(c) Technoloqical innovation to support this expansion in coal use
will be essential for the world's economy and its environment.

(d) The geopolitical importance of coal and the technology for its
use are also likely to increase substantially since the bulk of
the world's coal resources is controlled by the U.S., U.S.S.R.,
and China.

[Emphasis added]

Technology innovation, however, is responsive to th_ characteristics of the
resource, the criteria that define the problem and tn_ needs of the market.
In the past, these criteria for the use of coal to produce power have been
cost reliability and thermal efficiency. The success achieved in meeting
these critieria is clearly evident in their historic trends.

The thermal efficienciesof these facilities has increased from five percent
in the late 1800's to nearly 40 percent by the late 1960's. This has
resulted in an 85 percent reduction in fuel consumption per kilowatt hour of
power produced. During the same period, boiler size increased from 50 KW,
to 1200 megawatts causing the cost of new generating capacity to drop from
$350 per KW. in 1920 to $130 per KW, in 1967 and the average residential
service cos_ to drop from 25 cents per kwh to about 2 cents per kwh (A).

While these significantachievementswere being made in thermal efficiency
and cost of production,however, new societal and institutional demands have
been evolving. The fundamental change in the technology for power
production from coal is now being driven primarily by environmental control
requirements (5).

As a result, environmentalperformance criteria has been raised over the
past decade to a level equivalentwith the classical engineering criteria of
cost and reliability in powerplant design. Based on these chan_ing
realities only a fundamentalchange in the technology of coal fired
facilities can respond to the growing constraints on coal utilization and
ensure its continued viability as an energy resource. The required change
or advance in technology is being initiated in the Clean Coal Technology
Demonstration Program. The principle which guides this clean coal
technology development is that sustained environmental improvement can only
be achieved when both emission and cost reduction are achieved concurrently
and not pitted against each other.

Suitably developed CCTs thus provide a unique opportunity to concurrently
satisfy several National Goals. These are to:

(a) Continue the substantialprogress made in emission reductions by
resolving the conflicts between coal use and environmental
protection.



(b) Meet the rapidly approachingelectricity capacity challenge with
reduced cost and increasedproductivity.

(c) Create the opportunity for coal and, in particular, low rank
coal to realize its full potential as a source of a number of
alternate energy fuels.

The Clean Coal Technoloav Proqram

The Clean Coal Initiative is one of the largest technology development
efforts now underway in the department of energy (DOE). The level of
funding corresponds directly to the strategic importance of coal in the U.S.
economy and the internationalmarketplace and recognizes the need to develop
solutions fer the problems (economicand environmental)associated with
meeting increaseddemands for this source of energy.

This conference and its activities are clear evidence and an affirmation of
the fact that the present and near term future of coal as an energy source
depends upon continued advances in coal utilization technology.

The CCT demonstration program itself is a technology development effort
jointly funded by the government and industry. In this program, the most
promising of the advanced coal-based utilization technologies are being
moved into the marketplace through demonstration. The demonstration effort
is at a scale large enough to generate all data needed by the public sector
to judge the commercial potential of the processes being developed. As a
goal, the program will make available to the U.S. Energy marketplace a
number of advanced, more efficient, and environmentallyresponsive coal
utilization technologies. These technologieswill reduce or eliminate the
economic and environmental impedimentsthat limit the full use of coal.

The importance of the Clean Coal Initiative and the Clean Coal Program
recently was emphasized in the National Energy Strategy which noted in part
(6)"

"If we as a nation are to benefit .... from our enormous, low cost
coal reserves, a variety of efforts are necessary to develop and
demonstrate new "clean coal" technologies.... "

"New CCTs can substantially improve efficiency and reduce emissions
from powerplants. Until they are proven at a commercial scale,
however, their use entails more risk for utilities than conventional
technologies. This additional risk could make it difficult for these
new technologies to enter the marketplace quickly, especially given
the tight deadlines of the clean air act amendments of 1990. The CCT
program, the single largest technology development program in the
department of energy, is designed to help overcome this risk by
offering the Federal Government as a financial partner in
demonstrating worthy projects."

"By promoting the export of CCTs the NES will also help other nations
(especially in Eastern Europe and the developing world) to achieve
common goals: a cleaner environment and less dependence on oil."
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What are Clean Coal Technoloqies

The phrase "Clean Coal" itself seems to be contradiction in terms. When we
speak of CCTs we mean advanced coal based utilization systems that offer
significant benefits when used for power production, pollution control or
the conversion of coal into other alternate energy products.

The characteristics of CCTs as improved thermal efficiency, modular
construction, improved environmental performance, fuel flexibility
repowering capability, etc., will help the power industry accommodate a time
of significant change caused by such factors as regulatory reform, uncertain
growth in power demand, environmental pres.sures, new regulations, and now
competition from independent power producers and cogenerators.

Some of these technologies recognize that coal-based powerplants are rapidly
evolving away from the historic boiler-turbine-generator configuration and
toward integrated resource processing facilities whether the prime
technology is pulverized coal, fluidized-bed combustion, or coal
gasification combined cycles. These technologies have the ability to remove
pollutants, while at the same time increasing the power output of the
facility itself from 50-150 percent.

Additionally, the tem "clean coal" emphasizes their role in pollution
control. In this case, the technologies can directly remove SOs and NOx
acid rain precursors or more importantly can avoid the formation of the
pollutant through more efficient process integration with power production.
The specific types and amounts of pollutants or waste products removed will
be a characteristic of the individual process.

Finally, CCTs can create the opportunity to produce coal-derived liquid
fuels to replace oil and gas in numerous important applications. This
capability will permit coal to have a greater role in providing energy to
the industrial,commercial, and transportationsectors.

Status of the CCT Proqram

The program as currently planned (Figure]) consists of five phases, lt is
now in the midst of the fourth phase which was initiated in January of this
year with the release of the fourth competitive solicitationfor projects.
The first three phases also were competitivesolicitations in which a total
of 154 proposals were received from which 35 projects were selected.
Thirty-three projects have been started under the terms of Cooperative
Agreements between the participants and the government. Negotiations are in
progress on the remaining two. In each of these three solicitations,
considerable success has been achieved in obtaining financial participation
by the industrial sector. Although, Congress, in its guidance, requires
that such participationbe a minimum of 50 percent, the participants in the
first three phases are sharing an average 62 percent of the costs. The
funding provided by the participants,constitutes over $2.1 billion of the
to'talestimated cost of $3.3 billion for these 35 projects.

The fourth competitive solicitation,known as a Program Opportunity
Notice (PON), was released on January 17, 1991, and 33 new proposals were



receivedon May 17, 1991. Congressionalguidancecallsfor selected
projectsto be announcedby September17, 1991.

The Technoloqies

The 35 projectsunderway(Figure2) continuethe advanceof innovative
technology. The ten majorcategoriesincludedrepresentthe opportunityfor
continueddevelopmentof advancedconcepts,new processingchemistries,
innovativeequipment,novelcycles,etc.

Includedare circulatingfluidized-bedcombustors(bothatrJosphericand
pressurized),pressurized-fluidized-bedcombustors,integratedgasification
combinedcyclesystems,and advancedslaggingcombustorz. Such processesas
gas suspensionabsorption,confinedzone dispersion,and advancedlimestone
scrubbersare beingdevelopedfor greatercontrolof SO2 emissionswhile
selectivecatalyticreductiontechnologies,combustionmodificationand low
NO,burnerswill reducethe amountof NO. producedduringthe burningof
coal. Simultaneousremovalof the acid rain precursoremissionsof SO2 and
NO. will be achievedthroughthe developmentof such processesas WSA-SNOX
flue gas cleaning,SOX-NOX-ROX-BOXfluegas cleanup;limestoneinjection
multi-stageburnersand the NOXSOprocess. Finally,the industrially-
orientedgoal of the CCT Programis beingachievedthroughthe continued
developmentof such coal utilizationprocessesas coke oven gas cleaning,
directproductionof steelby means of granularcoal injectioninto a blast
furnace,innovativecoal preparationprocesses,mil_ gasificationand
liquidsfrom coal.

All are new processesadvancingthe efficiencyand/orminimizingthe
environmentalimpactassociatedwith the utilizationof coal.

The EnvironmentalRole of CleanCoalTechnoloqies

Thesenew optionsare all intendedto createnew opportunitiesfor coal by
resolvinghistoricconflictsbetweencoal use and the environment. But how,
and to what degreeremainsto be establishedthroughthe operationof the
demonstrationplants. As wouldbe expected,however,each technology
and/orprocesshas associatedperformanceor developmentalgoals. The use
of emissioncontroltechnologieson existingpowerplants(retrofit
technologies)for SO2 removal(Figure3) can resultin reductionsranging
from 50 percentwith duct sorbentinjectionto 95 percentwith advancedflue
gas desulfurization.In the case of NO, (Figure4) theseemissions
reductionsrangefrom 20-30percentfor over-fireair processesto 80-85
percentfor selectivecatalyticreductiontechniques.A wide range in the
percentreductionthat can be achievedis possiblein betweenthese limits
throughthe combinationof one or more concepts.

In contrastto the retrofittechnologies,a replacementor repowering
strategyo;_ferssignificantadvantages(Figure5). A comparisonbetween
these strategiesindicatesthat bothwill haveessentiallythe same impact
on SO2 effects,but thereare cleardifferencesin cost and in the
environmentalloadingof SO_ byproducts(i.e.,solidwastes and carbon
dioxide). The higherefficlenciesof theserepoweringtechnologies
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(Figure6) will result in substantialreductions in the amount of CO_
generated. In addition to the efficiency improvementsachievable wit_
today's repowering technologies (i.e., 40 percent for PFBC, and 43 percent
for IGCC), additional improvementswill be realized through the continued
development of such advanced technologiesas magnetohydrodynamics(MHD) and
IGCC-fuel cell systems.

As we look ahead to the implementationof the recently passed Clean Air Act
Amendments, these new technologiesand their increased potential for
reducing emissions can be critically importantto the coal producer and the
utility decision maker when considering the impact of two of the major new
concepts included in the act. These are: (I) the concept of a cap on
SO2 emissions to assure that once the Phase I and Phase II reductions of
5 millions tons of SO2 each are achieved in 1995 and the year 2000,
respectively,emissions do not rise again (Figure 7) and (2) an emission
credit "market" to utilize emission reductions exceeding those required for
compliance by individual,controlledpowerplants. The "cap" means that all
new capacity built must provide an emission offset equal to its net emission
rate, the emission credit market could encourage existing plants and power
generation systems to seek and install technologiesthat will control
emissions to a much greater degree where it is either cost-effective to
market the resulting credits or to bank them as offsets for future capacity
growth. In either case, (Figure8) CCTs will play a role. This role can be
one merely that permits a utility or system to achieve compliance or as
continued advances in technology are achieved resulting in such systems as
second generation integratedgasificationcombined cycles, MHD, fuel cells;
on___eethat permits a utility or system to reduce emissions below compliance
levels to acquire the extra credits needed to plan and control future growth
or to participate in any resultingemissions credit market. In either case,
these initiativesare likely to encourage levels of emission control on a
regional basis that will exceed the new source performance standards. The

same analysis shows similar results for the impact of CCTs on NOx.

The trend toward ever higher efficiency, coal-based, power generation and
coal utilization technologies in terms of heat rate and environmental
performance currently being developed on an accelerated schedule in the CCT
program is important to accomplishingenvironmental objectives in the United
States. However, these same technologiesbecome essential as environmental
issues expand from a National to a global perspective. For, as we consider
the energy supply options available to many nations now aggressively
attempting to raise their standard of living, the question is not "if " coal
will be used in the developing world, but how it will be used?(5). The
associated environmental impact can only be mitigated through the use of
innovative technologies. This is particularly evident in the contribution
to global warming attributed to fossil fuels. One of the primary paths to
CO2 control is improving the efficiency of fossil-basedenergy production
and use--an operational objective of the repowering technologies in the
ongoing CCT Program and a goal of future solicitations as the program seeks
the opportunity to develop even more efficient technologies as MHD, fuel
cells, and power generation systems. These systems will feature such
advanced concepts as humid air turbines, inter-cooledsteam injected gas
turbines, the chemically recuperatedgas turbine, and, finally, integrated
energy production facilities.



An Appropriate Response

The success achieved thus far in the CCT Program as represented by the
number of projects, the degree of industrial participation,and range of
technologies included, certainly argues well for the potential of this
technology development effort to achieve all of its objectives.

The projects that are now underway offer solutions to a number of the
complex interrelatedissues of energy, economics, and the environment.
These projects and others to follow permit the continued use of coal as an
energy source while:

o being responsive to the requirementsof the Clean Air Act
amendments.

o reducing the amount of acid rain precursors and other waste
products generated during combustion.

o Improvingthe ability of the utility industry to meet increased
demands for power in a cost effective manner.

o Contributingsignificantlyto improved control over carbon
dioxide emissions and thus addressing the issue of global
warming.

o Providing environmentalcontrol options to accommodate a wide
raF_geof specific site requirements.

Summary

The CCT Demonstration Program is, but one activity of many in a continuous
search for innovative technologies that over the years have been needed to
overcome the barriers that threatened the continued use of coal as a source
of energy. These efforts have resulted in a body of sophisticated
technology that would, if the story were told, change the image of coal from
the "old steam engine" to one of high tech. We in the department of energy
have begun an aggressive effort--an Outreach Program--to tell this story and
to implement an intensive technology transfer activity for the technologies
being developed. The needed technologiesto insure the continued use of
coal in a manner responsive to the "new" environmental requirements are on
the way. By telling the story of past achievements,current efforts, and
continued innovations in technology, we can produce the interest needed and
the time required to get these new technologies in place.
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