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CATALYSIS FOR ELECTRICITY APPLICATIONS
G. Alexander Mills and Jens Rostrup-Nielsen

7.1 OVERVIEW: SCOPE, STATUS, ENVIRONMENTAL ISSUES,
RESEARCH ORJECTIVES

This chapter defines the status and opportunities for new catalytic technology, to provide more
efficient «nd economic generation of clectricity from carbonace:wus fuels and, particuiarly, to
provide enhanced environmental protection. Not included ir this discussion are fuel cell
catalysis and non-catalytic rescarch by DOE and otaers to improve etﬁcu.ncy by (hot) stack gas
cleanup or turbine improvemenis.

While the application of catalysis ¢ eleciricity generation is relatively recent, it has assumed
growing importance and chows much potential. - A driving force for the provision of new
technology is increasingly severs requiretnents for eaviconmiental protection, particalarly those
limiting emissicn of oxides of mtrojen and suifur in combustion gases. Carben diexide emissions
pose a serious concern 38 well, and may assame major importance in the future.

Electricity gencration and use nepresent a imajor segment of cur energy activity, About one-thid
of the world’s energy fucis are tonsumed in generating electrivity, and this proportion represents
a wide variety of fueis. In contrast, vimnlly only one fuel, petroleurn, is used in the
trangportation ezergy ‘sctor. A qariety of fuels offers a range of important technical
opportunitics, including the chance to use our non-petroleum resources — coal, gas, and
biomass. Another significant difference between the ¢lectrical and transportation sectors is the
difficulty in importing electicity, except from Canads, compared to the relative ease of
shipping liquid petroleum from abroad. Two-thirds of the fuels’ heating value is lost in the
generation of electricity; hence, there is an imporiant cpportunity to improve energy efficiency.

New U.S. government regulations are having a major impact on technology used by utility
rompanies. Cumpliance with some new regulations faces industry with profourd economic
consequences. Currentiy, in some states & utility compaay must purchase electricity from an
outside source if this 15 cheaper than electricity that w-uld be generated in a newly constructed
plant. Also, electrical transmission comp. #re requ red to transmit electricity through/over
their systcms in return for a fee for theiv services. This 1s done to provide the public with the
most economic electricity availuble.

New environmental regulations, drives by a desire for eavironmental improvernents, are causing
profound rechnological changes. Th: Clean Air Act Amendments of 1990, CAAA, are broad-
based, applying not orly to acid rain (the primary target) but also to ozone nonattainment, air
toxics, and vicibility. Electric utilities, mohile and industrial sources are ail subject to emmissiois
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control provisions within: the CAAA. The electric utility industry is most affected in the near
term by the reduction of SC, and NO,, required to meet acid rain previsions (Title IV), and by
control Lf NO, for ozone nonattainment (Titie I). However, provisions for air toxic emissions
in Title 11 and visibility in Tide VIII may have significant impacts, especially in the longer
term.

The CAAA reguires reduction ¢f SO, 1o half of 1980 levels. By the year 2000, annuat SO,
emissivns must bz reduced io 8.5 million tons and placed under a permanert emissions cap.
Durisig = Sirst phase, 1995-2, the highest SO, emitters, a group of 110 power plants, must limit
their emissions to below 2.5 pounds per million B of fuel. Beginning in the yeer 2000, all
remaining generating units greawer than 25 MW in size will be affected (Torrens e al, 1990)
with emissions reduced fuathier. The impact of the CAAA on utilities presents a host of new
technical challenges, introguces business risks, changes the cost of electrical generation, and
calls for organizational responses. The costs of clean air compliance are major in magnitude.
The costs of acid rain contro! requirements are estimatad to approach $7 billion annually, once
fully implemented in the year 2000.

There are fundanental differences in the chemistry of NO, and SO, and consequent options for
their pollution alleviation. NO, is derived in part from nitrogen contained in the fuel and in part

* from the reaction between air nitrogen and oxygen in the high temperature combustion chamber.

While low-NG, busrers ¢an minimize NO, formation, at present the main NO, control
technology is achieved by both catalytic ard non-catalytic reduction of NG, by NH; in stack gas
treatment.  Sulfur oxides ave derived frora sulfur in the fuel. Sulfur musi be removed at some
point, since sulfur is abjectionable in air 'n any form. Two approaches have been used to
control emissions: pre-combustion fuel cleaning or post-combustion stack gas cleaning.

Increasingly strimgert environmental regulations have prompied a fundamental change in the
approach to poilution control.  Specifically, this represents a change from catalytic remediation
of pollutants, produced in the present technology. to the devising of & new catalytic process that
prevents or minimizes pollutant formation. Research objectives for catalytic research relating
to electricity geweration include the provision of new and improved technology:

> To schieve poilution abatement not only by remova! of pollutants but aiso by catalyuc
processes that prevent pollution formation.

> T'o achieve higher unergy efficiency in electricity generation.

- To achieve more economic generation (lower plant or-rating and particularly plant
investment costs).

> To make available economical processes for use of the abuidani aational fuel

resources - coal, gas, biomass.
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7.2 PRODUCTION OF CLEAN FUELS
7.2.1 Clean Gaseous Fuels -
7.2.1.1 IGCC - Integrated Gasification Combined Cycle

There is growing interest in manufscturing a clean fuel gas from solid fuels to be used for
generating electricity in an Integral Gasification Combined Cycle system (Figure 1). In IGCC,
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Figure 1. Integrated Coal Gasification Combined Cycle. (Alpert, 1991)
BFW = boiler feed water

gasification consists of reacting coal, biomass, or petroleum coke with steam 25d oxygen or air
at 2 high temperature to form a fuel gas, consisting mostiy of CO and H,. The gas is cooled
and purified. In the combined cycle plant section, the highly purified gas is burned and the hot
combustion gas is routed through a gas turbine to generate electricity. Then, the residual heat
in the exhaust is recovered in a steam boiler for use in a conventional steam turbine generator
to produce additional electricity. A promising alternative is the use of the purified gas to
generate electricity, employing a catalytic fuel cell, a technology nut included in this sudy
because it is the subject of a separate forthcoming Research Needs Assessment by the Office of

Program Analysis.

IGCC has important environmental and energy efficiency advantages

> The H,S and NH, in fuel gas can be removed (o a greater extent than is practical for
removal of SO, and NO, from combustion gases which, because of the addition of
nitrogen imroduced in combustion air, are much larger in volume. In IGCC
operations, sulfur removal levels of over 99% have been demonstrated on a plant
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scale. Emissions are well below the existing NSPS emission standards of 90%
removal for new plants,

Interest in IGCC is keightened by increasingly stringent envirunmental restrictions,
particularly those regulating sulfur emissions.

The clean gas is highly suitable for use in high-efficiency gas turbines, Electricity
is produced with greater energy efficiency than in pulverized coal-fired plants.
Hence, CO, emissions are reduced.

Essentially any solid cavbonaceous feedstock can be used in modern gasification
plants.

Combined-cycle plants can be composed of standardized modules, sized for large and
small utilities.

Studies have shown the possibility ot capturing and sequestering CO, from IGCC by
adding shift and sequesisring stages to process flow sheets. New imaginative

" approaches are needed.

Opportunities exist to develop catalyiic technologies to co-produce slectricity and
fuels/chemicals and improve gas purification processes.

Of particular iniportance in advancing technology to commercialization is the develupment of

several improved gasifiers that have been demonstrated in the IGCC operation.

These are

summarized in Table 1.

What will be the world’s largest IGCC plant (Commission of European Communities, 1992)
in Pucrtoilo, Spain, is scheduled to begin operations in 1996, It will produce 305 MWe at 45%
efficiency with emissions of SO, of < 10mg/Nm? and of NO, of < 60 mg/Nm3.

Table 1.
Integrated Gasification Combined Cycle Demonstretion Plants
NI |
Name Demonustration Tons of Coal MW
Location per Day Electricity
Texaco California 1200 135 ]
.
Dow Louisiana 1700 160
British Gas/1rgi Scotland 500
l R " i
oyal Dutch/Shell Netherlands 2000 2_52

® Construction completed July 1993, Fail stars-wp. (Salyman et al., 1992)
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AddnmuxlIGCCvamtlomwﬂlbedunomu'mdm.derﬂ:DOEClanCodpmnm funded
jointly by industry and DOE (Table 2). Of further int:iest is the IGCC plani planned for
Delaware. This facility will charge about 2400 tons per day of righ-sulfur petroleum coke to a
Texaco gasifier and generate 125 MWe electricity. It has also been announced that a 260 MW,
IGCC plant based on coal will be built in Florida. In addition, an agreement hins been signed to
install the IGT U-Gas process in China.

It is fair to say that IGCC is a combination of modern tecknology process units, well engineered
to meet new needs. There are opportunities to provide further improvements using the advanced
catalytic processes discussed below. Opportunities also exist to improve processes for catalytic
conveizion/removal of H,S and NH, from syngas.

7.2.1.2 Co-Production of Electricity and Chemicalz/Fuels

In an IGCC plant in which a purified mixture of CO + H, is manufactured, it 'nay be
advantageous to use part of this gas to geperate electricity and part to manufacture
chemicals/fuels such zs methanol, ammonia, or hydrogen, according to recent proposals. Such
a facility has been fermed a powerplex, EFRI, 1992. Coal gasification is required to produce
a mixture of CO and H, , known as synthesis gas (syngas). Synthesis of chemicals and fuels
from syngas has had a long industrial history. At present, this includes production of methanol
and the large-scale production of hydrocarbon transportation fuels by SASOL in South Africa.
Various technological suggestions have heen advances for the co-production of chemicals/fuels
and electricity, designed to take advantage of the IGCC situation. Coal-based power plants are
capital intensive. An advantage for IGCC co-production plants would accrue from operating the
gasifier at capacity zl! the time and, when electricity needs are iow, manufacturing methanol
with part of the syngas. This methano] can be marketed or used for "peak shaving” generation
of electricity.

Economic evaluation studies, catried out for EPRI, have led to the design of a plam that is
integrated to both electricity and methanol production (Fluor, 1982; EPRI, 1987; Chem Systems,
1990; Houston LP, 1992). Included is buse load to cycling operation, that is, full electricity to
full methancl production. The potential economic advantage of co-production of electricity and
methanol is significant. It is projected that the cost of electricity would be lowered by 10%
(Kem et al., 1991; Bauman et al., 1991). in other studies, the co-production of electricity and
ammonia and urea is being explored, with an emphasis on environmental benefits (Bradshaw and
Wetherington, 1991). Interest in IGCC is heightened by the recognition that the price of gas
couid increase greatly, whereas coal prices are expected to be relatively stable.

A recent study (Houston L&P, 1992) concluded that co-production of chermicals such gs
methano! or urea can result in significant reduction in the cost of electricity. if the selling price
of chemicals escalates ut a rate greater than inflation. The price of methano! and urea are tied
closely to the price of natural gas. It is also reported that a bett r knowledge of ihe intzgration
of gasification plants with combined cycle power generaticn holds the potential for further
improvements and capital cost savmgs. making IGCC and co-production mors competicive in
the future. A highly integrated piant in which the combustion mrbine compressor supplies one-
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half the air required for the oxygen plant has been estimated to produce electricity at 40-45
mills/kwh (EPRI, 1993). Opportunities for new catalytic technology to improve integration of
catalytic synthesis of fuels/chemicals into IGCC operations are discussed below.

Tabie 2. ~
DOE Clean Coal Technology IGCC Projects
{Vexious stages of development, 1993)

_"“————_M’W

Project

Wahbaszh River Coal
Gasitication Repowaering Project
Waest Terre Haute, Indiana

Technology

Dastec, sluiry tesd, oxygen-blown, two stage
sntrained flow (entrained flow, slagging first
stage and non-slagging second stage} gasifier
(265MW]

TAMCO Power Partners
Tams Creek IGCC Demonstration Project
Coeburn, Virginia

IGT/Tampalls U-Gas, sir-blown. fluidized
bed with zing ttanite ans ceramic candlz
idte: hot gas clean up
£107 MW/55 MW nat cosl based)

Sisrra Pacific Power
Pifion Pine GCC Power Project
Reno, Nevada

MW Keilogg, sir-blown fluidized-bed gasifier
with limestone injaction and zirc farrite
and seramic candle fiiter hot gas clash up
(30 MW

Air Products
Commergial Scale Demonstration of
Liquid-Phass Meathano! (LPMEQOH)
Process
Daggett, California, er other site

Tuxaco, slurry feed, oxygen-bicwr, singie
state artrainad fiow gasifier providing
synthigsis ges to the LPMEOH system

{150 tons/day)

_—
Combustion Enginaering ABB CE diy fead, gir-blown, antrained beg,
IGTC Rapowering Projact pasifier with limestone injector and
Springfisld, Wingis maving-bed zinc ferrite hot gas clean up
{65 MW}
Tan;p.s-. Electric Company Texace, oxygen-blown, entrained-flow
1GCC Demonstration Project yasification aystem with moving-bad solia
Lakelsnd, Fiorida sorbent hiot gas clean up {260 MW}
Camden Clean Energy Project Britizh Gas/Lurgi Fixed Bad
1GCC Dembnsiration Project Cxygen-blowr; Gasifier High Sultur
Camden, N. J, W. Virginia Coal {480 MW)
7.2.1.2.1 Slurryv-Catalyst Synthesis

Methanol synthesis is highly excthermic. In order to prevent harmiful emperature increases, low
conversion per pass is accepted, necessitating costly recycling of unreacted gas. The vse of
catalysts slurried in inert liquid provides a concept of heat management whicit has beon
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extensively tested in a 10 year, $25 million program. During this time some 7000 hours of
operation were carried out in a 10 ton-per-day plant in La Porte, TX (Brown ef ai., 1990). An
advantage of about 10% has boen estimated for liquid pliase methanol synthesis; LPMEOH,
using syngas from coal, over conventional vapor-phase technology.

Once-Through Synthesis

In this process, all or part of the syngas is passed through a bed of methano} synthesis catalyst
on & once-through basis, that is, without recycling unreacted CO and H,. The unreacted syngas
then goes to the combustor, In this way, methanol synthesis avoids the cost of recycling (EPRI,
1987). A once-through operation, using 2 slurry-catalyst reactor at the IGCC plant at Cool

Water, CA, has been proposed. The process is shown in the flow diagram in Figure 2 (Brown
et al., 1990).

Co-Production of Methancl and Dimethy! Ethar
Much interest has beer aroused by novel technology (Brown ef al., 1991; Hansen ef al., 1991;

Lee, 1992; Lewnard ef af., 1993) being developed for the conversion of syngas to a mixture of
mnethanol and dimethy] ether ia 2 singie reactor in which the following reaction sequence cccurs:

2C0 + 4 H;, ~® 2 CH,0OH methanol synthesis catalyst

2 CH,OH =* CH,0CH, + H,0 dehydration catalyst

IGCC/METHANOL CO-PRODUCTION POWEE: PLANT
WITH LCAD FOLLOWING CAPABILITY

[ swiFracoz LIOUI0 PRASE | MeOH
L HETHANGL =t
porGEQAs |
COAL
“ﬁﬁ% aSPEarion —b - aug S -......_.,w"m
1
POWER
; STEAM
'L HREO TURSINE |

Figure 2. IGCC/LPMEOH Mathanol Produciton Flow Diggram. (Brown et al., 1990)
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A combination of two types of catalysts makes this reaction sequence possible. The water gas
shift, WGS, reaction

H,0 + CO = H,+ CO,

can alsd be umed out simultancously, using a water gas shift catafyst. Then the overall net
reaction is

3H,0 + 3CO =¥ CH,0CH, + CO,

Co-produition of methano] and dimethyl ether offers an opportunity for increased syngas
conversion per pass. The effect of the combination of these reactions is essentiaily to avoid
unfavors’le thermodynamic limitations for methanol synthesis. Methanol, a product of the first
reaciion step, is consumed ia the second reaction, forming dimethyl ether and water. The water
is uscd in the third reaction, genersting carbon dioxide and hydrogen, the iatter being used for
methanol synthesis. Thus, the product of each step is a reaciznt for ancther, creating a strong
driving force for the overall reaction (Hansen and Joensen, 1991; Brown er al., 1990; Lee,
1992). The shury catalyst reactor systemn has been tested for condt.ctmg the simultanecus
synthesis of MeOH, DME and WGS. Process development has focussed on the use of coal-
derived syngas that is rich in CO (Browa # a/., 1990},

Improved Synthesic Catalysts

Intensive rescarchi has resulted in a wide variety of improvements in catalysts and process
systems for synthesis of inethaziol and related chemicals/fuels Grllills, 19933, It is expented that
improved catalyst systems can be incorporated in the co-production of electricity and chemical
manufacturing.

7.2.1.3 Catalyiic Gasification

Mamfacturing symthesis gas from methane is a highly developed cataivtic process, used
incernationally for the {arge-scale production of chemicals, Syngas production by gasification of
coal has besr used extensively. Tenaessee Eastinan cumrently uses the process to manufacture
methaeol, and it is also used at Great Plains, North Dakots, 1o prodice methane. Coal
gasification, the pactis! combustion of coel in the presence of steam:, is & non-catalyric process
carcied out at teperaiures which range from about 1000 ° to 1500° €. Various attempts have
been made o devise a practical procgss thai could operate at lower eraperatures.,

it has long been known that alkali hastens the critical siow reaction

C+H0 - CO +H,
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The chemistry of base-catalyzed carbon-steara reactions involves the formation of hydrogen and
« phenoxide whose siructure has been determined (Mims and Pabst, 1982). The phenoxide can
be decomposed at low temperatures, using a transition metal oxide as catalyst (Heinemann and
Somorjai, 1992, Pereira #2 ¢l., 1990). Mixtures of alkali and transition metal oxides can serve
as caulyste for continuous steam gasification of coal or chars at temperatures below 600°C.
Mixtures of alkali and atkali earth oxides are almost 15 effective as the alkali transition metal
oxides, and they are not easily sulfur poisoned. Electron microscope studies show that alkali
compounds attack carbon in the presence of water in a solid edge recession. Alkali transition
metal oxides form a low meliing eutectic, resulting in a liquid film that hastens the gasification
by edge recession.

Catalyst mobility can be ‘mportant for reactions involving a solid reactant. Providing cata'ya
mohility {or effective catalyst performance is a new concept. Extensive laboratory and pifot
plant studies demonstrated that, by the addition of potassium salts, gasification could be carried
otit at commercially useful rates at temperatures some 100°C lower than previously required
(Penner and Wiesenhahn, 1987; Exxon, 1981). Recovery of most of the potassium entrapped
in the ach from minerals in the coal was a key consideration. Th: development of improved
catalytic gasification could provide an impontant step forward in developing a process for integral
gasification/fue] synthesis.

7.2.1.4 1G/S Imtegral Gasification/Synthesis

Integral Gasification/Synthesis is the concept of carrying out simultaneons gasification of coal
7 biomass and synthesis to desired hydrocerbons or oxygenates. The gasification
temperature, pressure, and other conditions must be such thar che synthesis product is
thermodynamically possible. A synthesis catalyst is present during gasification. In practical
terms, for imegral gasification/synthesis to function, it is required that gasification be carried
out at considerabiy lewer temperaiures tharn wsuai. 1t should be pointed out that the reaction C
+ H,0 - CO, + CH, is almost thermally neutrai and is thermodynamically favorable.
Therefore, it should be possivle to trade T tor CH, at no encrgy cost! 1t is encouraging to note
that in coal gasification it has deen demonsrrated that methane synthesis can occur to a certain
exient. There is a challerge o synmthesice methanol, less thermodynamically stable than
methane, vnder IG/S conditicns.

. 7.2.1.5 Utilization of Methanol

A novel concept for improving efficiency in methano! fuel use involves the catalytic
decomposition of methanol to produce a fuel gas. The reaction is highly endothermic. The
heating value of the syngas is greater than that of the methanol from which it was derived. If
waste heat is utilized to supply the neceded encrgy, there is an expected gain of 20% in energy
efficiency (Yoon er al., 1985). The use of catalysts o enhance fuel-use efficiency presents

opportunities of considerable potential. This is a research area which has been relatively
neglected.
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7.2.2 Liquid Fuels from Coal

By 1970, new concern for environmental protection had focusid attention on air pollutants away
from combustion of coal used for generating electricity. New regulations that were imposed
made many U.S. coal deposits unsuitable for use in many existing plants because of their high
suifur content. Spensored by industry and government, intensive research and development
programs were carried out to develop technology for the manufacture of a clean liquid fuel from
coal, suitable for use in generating electricity. Several direct hydroliquefaction processes were
developed and tested on a tons-per-day scale. These included processes known as Solvent
Refined Cozl, Donor Solvent, H-Coal, Two-Stage Liquefaction, and a Genman process at
Bottrop (Elliott, 1981; Meyers, 1984).

Suifur in coal is present in both inorganic sulfides, mainly as pyrite, and in organic compounds,
mainly as thiophenes. A significant factor in producing a low sulfur liquid from coal is that,
while the pyrites are fairly readily removed, removal of the organically bound sulfur is more
difficult. Moreover, as desulfurization proceeds, removal becomes increasingly more difficult
so that it is not practical to go to very low sulfur levels without subsequent product refining.

By 1976, it was becoming apparent that advanced coal hydroliquefaction technology was
economicaily unattractive compared to flue gas desutfurization, FGD. It is possible to remove
95-98% of SO, with flue gas desulfurization technology.

Flue gas desulfurization processes have been installed extensively. At present, the technology
used to manufacture liquid fuels for electricity generation is not dezmed attractive, although it
may have merit in certain circumstances {Commission of Eurcpean Communities, 1992).
Instead, research interest in coal hydroliquefaction has been directed to the production of
transpomnon fuels. Considerable technical and scientific progress in this area has been made,

as noted in Chapter 9. However, interest in productlon of a coal-derived fuel gas for generating
electricity has greatly increased.

7.2.3 Chemically Recuperated Gas Turbine (CRGT)

A n=w method for generating electricity from natural gas has been proposed by the California
Energy Commission (Janes, 1990). The process aliows for the recovery of high-temperature heat
from the c.thaust of an advanced gas tarbine. Hea: transfer ic accomplished by utilizing the
endothermic catalytic methasnie-steam reforming reaction. The recovery of heat is accomplished
more efficientl; by chemicai mcans than by using heat transfer in a steam boiler. The
chemically recuperated gas wrbine (CRGT) cansiste of three major components (Figure 3):

» Advanced gas generator equipped with an intercooler

» Steam cooled power turbine equipped with a rehcat combuster
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» A partial methane steam reformer

Desulfurized natural gas reacts with eteam over a nickel-based catalyst at about 815°C,
producing a fuel gas containing hydrogen and carbon monoxide. The normal exhaust
temperature from a gas turbine is about S40°C. The most effective way to clevate the exhaust
temperature is to reheat before the power turbine. Some of the high-temperature heat is used
to partially convert natural gas to hydrogen and carbon monoxide. The natural gas/H24CO
mixture leaves the reformer as a hydrogen-rich, low-Btu fuel gas mixture. Combustion can be
expected to result in low NO, when fueling the gas genzrator combuster. Manufacturers of
reforming catalysts have cvaluated operating conditions and concluded that a combination of
catalysts currently in use can be expected to perform according to CRGT design. However, a
more active catalyst is needed for reforming below 680°C, which would be advantageous.
Detailed process engineering and cost calculations have been performed by the CA Energy
Commistion and checked by engineering and equipment manufacturers.
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Figure 3. Chemically Recuperated Gas Turbine with Intercooler and Reheat.
{Janes, 1990}

In the current combined cycle system for generation of electricity, the exhaust heat from the
gas turbine is removed to drive a conventional sieam wurbine. The combined gas and s.2m
turbines are able to convert 51% of the energy in natural gas to =lectricity. Aversge utility
efficiency is about 33% for conventional gas and oil-fired boilers in operation. A projected
thermal efficiency of the chemically recuperated gas tutbine, CRGT, has been estimated to be
60%, abor: 10% higher than for the gas-fired turbine alone. The substantial increase in
projected energy efficiency, employment of near-standard equipinent, favorable cost estimares,
and expectations of low NO, emissions make CRGT an attractive technology. A combination
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of present industriai catalysis is deemed capable of functioning adequately, bui there is a need
for a steam reforming catalyst capable of functioning at lower emperatures than conventional.

Since the price of natural gas is expzacted to rise to its former level, in the long term, syathetic
natural gas, SNG, from mine-mouth coal may be a wiser investmers than natural gas. Improved
processes for manuiacturing methane from coal have been developed and offer this long-range
option. It should be added that, while manufacturing syngas from methane is a highly developed
commercial catalytic procass, recent results of a different approach, direct partia} oxidation of
methane, offer considerabie promise for improvement (Hickman znd Schmidt, 1993).

7.3 POLLUTICN REMEIHATION
7.3.1 CO, Emissions

Irivmased abscrption of the sun's rays by increased concentrations of light-absorbing molzcules
in :ne atmosphere surrounding planct earth and the consequent rise in temperature has been
termed the Greenhouse Effect, Global warming covld meit present ice caps, raising sea levels
and significantly decreasing land area in the U.S. and elsawhere. There is concern that
increasing the presence of CG, in the atmosphere generated by increased combustion of fossil
fueis will increase the Greenhouse effect.

The technology and economics of caprure, wilization, and disposal of carbon dioxide from fossil
fuel-fired power plants has bezn critically examined vecently (M.{.T./DOE - 1993). This study
finds that direct capture and disposat would likely increase the cost of electricity by about a
facior of two or more for ihe case of rewrorit of current coal-fired power plants and by 50% or
more for the case of suciessiui development of advanced, high efficiency power plants (such as
iGCC or fuel cells) rhat are specifically configured to integrat: CO, capture.

It a requirement for full or near-full cessation of CO, emussions from power plants is envisioned,
certain research discussed here by Spencer. 1391 and in the M.LT./DOE report is believed
warranied.  Opportunities for €O, utitization melude enhanced oil recovery, plastics
manufacture.  prodiction of biomass fuel (utifzing sunlight to convert CO, and H,0
photosyntheticaliy by microalgae) and chemical convessiorn of CO, to fieis.

Chemical conversion of CC, te tuels, for example, by the reaction

would require a significant ¢oergy source for hydragen production that could be used several
fold more efficiently by dwectly serving power piant end‘markats. The fundamental questicn
iy the sourcs of hydrogen. Wydrogea can be generated by eiectrolysis of water which requires
312 kVmol of H; Tu avoid generation of mere (O, tn the hydrogen production process, a non-
fossi! energy source is needed. The mosi likely solution is (o produce the H, from solar or
maclear seurces of energy. However, if solar or nuclear erergy sources are available, they could
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be used directly to displace fossil fuel and reduce the amoun: of CO, produced in the first place.
However, there are additioral considerations in the production of transportation fuels,
Specifically, due to our current infrastructure, liquid transportation fuels are more desirable ihan
electricity or hydrogen because of fuel storage and transportation considerations. - However, as
pointed out in the M.1.T./DOE report, the efficiency loss is probably too large a price to pay
using present technology. This provides an opportunity for catalylic research for more
cconomical and energy efficient'conversion of CO, to fuels.

7.4 RESEARCH RECOMMENDATIONS
Technology objectives for catalytic research relating to the generation of electricir:

» 1o achieve pollution abatement, not only by removing pollutants but also by devising
catalytic processes which prevent pollution formation

» 1o achisve higher energy efficiency in electricity generation

» 10 achieve mor: economical generation (lower plant operating ard particularly plant
investment costs)

» (0 make available economical processes for usz of abundant national fuel resources —
coal, gas, and biomass,

Iraproved Manufacture of Electricity (* indicates highest rating)

¥ JGCC. Research is proposed to provide synthesis catalysts for advanced processes which
conbine lntegraied Gasification Combired Cycle generation of electricity and fueis/chemicals
aaifacuire. Synthesis catalysts arc needed, specifically designed for ioad-fullowing; for a
"once-through” synthesis operation; for slurry-catalyst systems. Synthesis catajysis of interest
include those for manufacture of mcthanol, of methanol/di:nethyl ether mixmires, of ammonia,
and of hydrogen. Particular consideration should be given to hydrogen co-production because
of its prowing critical requirements.

* IGCC Coai + Biomass. Processes using a combination of these two fuel substances can
provide special opportunities to prevent or lessen CO,emissions. Various process flow sheets
have been proposed. Catalysts are needed to meet the conditions of projected applications.

Research is meeded to improve 2nergy utilization efficiency for methanoi and/or dimethyl ether
synthesis by developing systems for their catalytic conversion to 4 fuel gas of increased fuel
content, using waste heat. Manufacturing synthesis gas by direct selective catalytic oxidation
appears to be a promising new target. Research is recommended

Research is recommended for integral gasification/fuel synthesis, utilizing opportunities
presenied by recent advances in catalytic gasification.
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“RGT (Chemical Recuperated Gas Turbine).

t has been concluded that a combination of existing catalysts couid function under the proposed
onditions of temperature, pressure, and contact times. However, it is believed that research
;ould provide specificaliy designed catalyst modifications which wouid improve the process.
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