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ABSTRACT

Consideting the air quality problems
which exist in Califoraia witkout the com-
bustion of coal for electric power
generation, many have felt that any
saxgunificant use of coal in the state would
be inconceivable. Bows=ver, receat develop-
ments in emission control technology have
wane it possible to hurn coal in certain
applications with significantly lower
emissions than curreantly result from the

are feasible for use on large

combustion sources such as utility boilers.
These devices, used in combinatizn with
coal handling technirie< w.’~h minimize
fugitive dust and c tr. “<DLrtation
related emissionrs, _ - .uid eno.ie new -ower
plants and large .- .. -ial boilers to
burn cval without tt . .:serse air guality
impacts for which -o.. has become
notorious.

I. INTRODUCTION

Although coal has lony been recognized
as the most sighificant fossil fuel energy
resource in the United States, it was not
until after the Arab oil embargyo of 1973
that oil and gas began to be considered as
unacceptible fuels for use in latge, fuel-
intensive facilities such as utility
boilers. Prior to the embargo, the federal
govermasent., throuch the Eavironmental
Protection Agency, >ctually encouraged the
conversion of coal-fired utility boilers to
oil-fired operations as a relatively in-
euxpensive technique for achieving substan-
tial emission reductions.

Air Quality problems have been a signi-
ficant factor affecting th: design of power
plants within the state and throughou Cali-
fornia power plants have generally burned
natural gas to the maximum extent possible.
The use of fuel oil is limited by the South
Coast Air Quality Management District
(SCAQMD) to fuels containing no moure -an
0.25 peivent sulfur. Other metropolitan
APCD's limit the sul®ar content uf fuel o1l
to 0.5 percent.

Despite the tact that large cool=fired
combust tuon s irce. have been ¢ msidered
to be gencvrally unacceptable in California,
it is now cleariy imprudent to plan for the
use of oil or gas in any new, baseload
power pluts. The Drincipal options lett
for Calitornia for balancing the electric
power supply and demand are conservation,
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cogeneration, hndro, geothcrmael, msclcar,
and coal. The Califorania Air Besources
Board (ARB) has not taken 3 positior re-
garding the construction of new hydro or
nuclear power plants since the principal
environmental risks associated with these
facilities are outside the purview of the
ARS and have therefore not been evaluated.
Of the remainder, cunservation (inclvding
Jecentralized solar), cogeneration and

are viewed as generally pre-
ferable. However, to the extent that these
alternatives are wot available to satisfy
electric power demand in California, the
carefully regulated use of coal can be
acceptable fram an air quality perspective.

iI. CALIFORNMIA AIR QUALITY

Basin-like topography, frequeat atmos-
pheric temperature inversionz and a high
concentration of velicles and industry have
caused serious air pollut.on problems in
California's tirer larges: metropolitan
areas and in the San Joaqiin Valley. MNone
ot the state’s fourteen air basins, shown
in Figure 1, are currently free from
viclations of at least one ambient air
quality standard. <The anbient air quality
standards which are related to the com—
bustion of fossil fuels are shown in
Table 1.

Taole . summarizes the highest pollutant
concentrations recorded during 1977.
Ooxidart (primarily ozone), a substance
formed during a photochemical reaction
between hydrocarbon emissions and oxides of
nitroccn emissions, is the most pervasive
air pollutant in California. As has always
been the case, the highest oxidant level was
recorded in the South Coast Air Basin.

The basin with next highest oxidant con-
~entration was the Southeast Desert, where
- e South Coast Air Basin air mass is
transported by the prevailing west-to-east
wind flow. Peak oxidant levels in the
South Central Coast and San Diego Air
Basins can also be affected by S.,uth Coast
Alr Basin emissions. However, the air
aquality problems in both of these basins
are substantially affected by locally
gqen2rated emissions.  Although oxidant

st dard violation: were recorded in each
basin where measuremen®s were made, the
violations which have occurted downwiml o?
major urban areas may be eliminated througyh
the control measures applied in the urban
areas provided adequate NOx control is
achicved.
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High Total Suspended Particulate matter
(TSP) lewels are caused by any or all of
three different cunditions: (1) Industrial
suurces of particulate emissions which are
not equipped with adequate comtrols, (2)
vehicular and indutrial sources whose

emissions of hydrocarbons, nitrogen oxides,
and sulfur oxides are chemically trans-
formed into “"secomdary® particulates such
as organic aerosol, nitrate and salfate,
and (3) windblown dust. With ' n big air
basins with Liyh oxidant levels suwh as
the Souath Coast Air Basin and the San
Joaquin Valley Air Basin, secondary parti-
culate is a very major problem.

in many rural areas windblowm dust is
the major oroblem. The adverse health
effects of windblown dust, because of its
large particle sizes, are genmerally tar
less significant than for equal coacentra-
ticns of anthropogenic particulate emis-
sions of cither the direct nr "secondarv™
variety. For this reason and for the
practical problems assaciated with the
control of windblown dust, the EPA does not
vonsider levels in excess of the ambient
air quality standards to be violations if
they are caused by windblown dust.

S0, and sulfate concentrations are a
seriolts prohluer in bota the South Coast
aad San Joaquin Valley Air Basins. The
Soath Central Coast andi the San Diego
County Air Basins have also experienced
vinlations of the stardard fo. sulfate.
No nther basins have been determined to
have pioblems at this time.

Violition of the ambient air quality
standard “or nitrogen dicxide were recorded
in the South Coast, South Ceutral Ceoast,
Soatheast Desert, San Diego, and San
Francisco Bay Area air basins. As has
historically been the case the NO, levels
recorded in the South toast Air Basin were
almost double those rc-orded elsewhere.

In summary, California®s fourteen air
basins can be segreqated into three cate-
qories trom an air quality perspective
considering only inose ncllutants signi-
ficantly related to the combustion of
tossil fuelsy® .

Six basins, South Coast, South Central
Coast, San Diegn, San Francisco Bay Area,
San Joaquin Valley and the Sacianeq;o
Vailey, experience numeroil s and severe
viclations of ambient air quality stan-
dards due to both locally generated and

e tain o the Calitornta air basins ex-
perience polluton problems whick are not
related to fossil tuel combustion. The
lake County and Lo ik Coast Air Basins, tor
example, are experiencing substantial vio-
lLetions ot the state's ambient air quality
standard ror hydrogen sulfide due to the
cur atlye inwiequatety controlled genera-
*ra. of electiic power from geotnermal
steam.

transport related emissions. Twq basins,
Lake Tuhoe and the North Central Coast,
experience less frequent and less severe
violations, vhich appear to be primarily
the result of locally generated emissions.
Six other bhasins, Southeast Desert,
Mouatain Counties, Great Basin Valleys,
North Coast, Mortheast Pl.teau and Lake
County, experience varying lecels of air
pollution, the highest of which, howc.er,
arc related to emssions from upwind areas
or rural fugitive dust.
III. FUTURE ALk QUALITY

Desvite the historical persistence of
of air quality problemss in California, two
factors now allow a modicum of optimisms
regarding future air guality leveis. For
the first time in history,it is no lcnger
permissible to build major new sources of
3ir pollut.un, which will ~xacerbate vio-
lations of ambient air guai ity standards.
The Clean Air Act Amcrdments of 1977
clearly articulate a tederal policy of
prohibiting e ceastruction of sources of
air pollution,which will cont-ibute to
existing air quality problems even though
these sources may be substantially lower -
in emissions than similar, existing sources.
The fact that a proposed new source has
relatively low emissions has in the past
wen considered an adequate justification
for its construction. Federal law now
revognizes the obvious fact that degraded
public health and welfare are the result
of adding "clean™ rew sources to an over-
burdened air shed just as increased risks .
are associated wiith audding lighweight cargo
to an ov~rloaded boat. The federal New
Scurce Review (NSR) program requires that
mitigation measures or “trade- offs” suf-
ficient to offset the adverse impact of any
major new source of air pollution be a part
of new industrial projects. The existenc:
of the federal NSR requirements allows air
pollution control agencies to conceantrate
on existing air problems _nstead of being
forced to deal with unrestrained increases
in emissions.

The second factor which is now contri-
buting to a solution to the state's prob-
lems is the increased focus on control
strateqy development at the state and
federal level. Historically, local air
pollution control agencies have been forred
tc regulate industrial sources of air pol-
lution with little assistance. The state
and, to A lesser exten: the federal govern-
ment are now recognizina the gross ineffi-
ciency aisoe iatei with requiring local
agencies to andependently develop and imple-
ment regulations tog the control o! indus-
trial air pollution problems ot statc-wide
or national imp.act. The basic coatrol
strategies necded to reduce emissions from
mOSt types ot sources arce wdentical whether
the source is Tocated in Ins Aneles, San
Francisc), Bakers:ield or f
single coatro! strategy deveioped a2t the
state or federat level as "mode! raien” ©an
be yiven to the numerous lacal aistricts for

e o=t 0N
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These "model rules™ can

adoption. be
to the needs

tailored prior to adoption
of individual districts.

Although the U.S. Enviromsental
Protection Agency is not yet pursuing the
model rule corcept, EPA does provide
“quideline documents”™ which coatain useful
information on the emissions coatrol
potentia} for various categories of
industrial sources. The quideline docu-
ments, useful in developing emission con~
trol rejulations for both new and existing
sources, are suppleaented by Rew Source
Performance Standards (NSPS). However, as
discussed in greatcr detail below, the EPA
NSPS are usually set at levels which
require far less emission control than is
technologically feasible and economically
reasonable.

A detailed anrlysis of the emissio.
control wmeasuresneeded Lo achieve and
maintain the ambient air quality standards
throughout California is currently being
developed through the combined efforts of
the ARR, local governmen’s, and private
orgqanizat ions involvae! *n ke Air ouality
Maintenam.e Planning proc. =<, which is aan-
da%ed by the Clean Air Act. rhe para-
graphs which follow give a very brief and
general overview of the emerging plans
which are expected to be published early
in 1979 as the State Implementation Plan
(siP).

The: prospe~-1s for achievimg amd attain-
g tiwe ombic.  adr curality stawbands in
the: 1980°x are excelient ftor most ot
Calitorni. *s busins. Althowih substant ral
S0, N ated geerl feunlate matter emission
inCroeases could be assonciated with thee
shitt 1rom natural gas to tuel oil, which
is now uccurring, work now underway at the
ARB indicates that these emissions froa
ma jor combustion sources can be dramati-
cally reduced through the use of fyrther
[ TR Y CRENTS N RTY N JEN Y TP TR Y B ATy 3 ey nale—
baserg teer 220 il pesn b aerulieles comeszinemn
cventreed . amiworsdee B et deen siypnitem dear Mo
contvol, amd 1abri- Tiltraton (badgbousces)
for p.lrlicul.ﬁv,- ontrol. A r>cent ARB
statf report describes how the use of
certain of these control techniques ap-
plied to thermally enhanced o0il recovery
operations in the Sai Joaquin Valley can
provide essentially all of the S0, control
projectad to be needed to attain Fhe
ambicnt air quality standards tor S0, and
sulfate and more than halt ot the Kok
coptrol nceded to achivve the oxidant
standard theowih o combination ot hydio-
carbon and NOx control. 3 dratt Air
Oualitv Maintenance Plan prepared bv
the Association ot Bay Arca Governmonts
outlimes the type of hydrocarbon controls
which appear to be availuble to cause
attainment fo- oxidunt in the nine
counties of the San Francisco Bay Area.
swmilar controls applied in the South
Ceantral Coast, San Dicego, North Central
Coast und Lake Tahoe ‘ir basins may be
sufficient to achieve and maintain the
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oxidant standard provided growth is care~
fully managed. Air basins which are
experiencing oxidant violations as a result
of long-range transport may achieve attain-
ment status provided msost feasible hydro-
carbon control measures are integrated
with appropriate NOx emissiun controls in
upwind areas.

No plan has yet been developed which
indicates that the oxidunt standard can
be achieved in the South Coast Air Basin
withort economically iofeasible control
apprs2ches involving the curtailment of
current vehicular and industrial activities
However, substant.u.! improvesent is already
possible and attainment of the standari for
NO, appears feasible through the NOx roduc-
tions expected from tke motor wvehicle
emission standards aduopted for future years
in combination with the use of ammonia
injection systems on large combustion N
sources and some control of other sources.
Attainment of the SO, and sulfate stan-
Jdards appears to be possible through the
application of substantially increased fuel
cil, diesel oil, zad gasoline desulfuri-
zation in combination with control mrasures
wn coke caleining kilns, relimery FUC wnits,
ind other such snurces.t

IV. ACCOITI0DATION OF COAL IN CALIFORNL:

In areas of California which are pro-
jected 0 achieve and maintain the ambient
air quality standards through the imple-
mentation of the plans now under develop—
ment, it will be possible to permit the
constract fon of major now tacilitics swch
a8 cnal=tiresd praner plants provides] tin:
emissions trom such projoects are mot so
areat as ta cause violat Sons ol e
stamiatds. 11 the cmissions oxpuctod
from a cual-tired power plant arc calcu-
lated to cause an air quality violatiom,
*rade-off measures may enable the
adverse impact to be mitigated.

The need for trade-uffs will therefore
deppem! on whetheer the loeeal air
pullution strateqgy mavidesn tor

an increment ol oemissions growth
without causingy ambicnt air guality
stardard violations.

M:tigation measures could also be
required if the proposed facility would
lead ta unacceptable air o+ality degra-
Jdaton in Preventicon of LS;gynificant
Interiorat ion (PSD) arcas or Air
Conservation Areas (ACA's) located down-
winé. The State's Air Conscrvation
Proa-am(5), current ly uvmder development,
is Jdirecied at maintaining superior air
quality levels (cleaner than required by
ambient air qual ity standards) in areas
of impogtant aesthetic sigqnitficance (c.q.
Yosemite, Redw oanis National PPark, cteld.

The ability {or coal-fired power plant
proponents to develop emission "trade-off®
measurces, when necessary, will depend on the
quantity of emissions 'o be offsct and the
availability of such trade-offs in the



vicinity of the proposed new project.
Except for the Greater Metropolitan Lus
Ange'les area, it appears that a substan~
tiai quantity of trade-offs will be avail-
able from existing power plants. At this
time, it appears all feasible power plant
emission control measures may not be
required to achieve and maintain the
ambient air quality standards through most
of California. Where all feasible controls
are not required, it wmay be possible for
new power plants to be constructed without
an increase in electric-power-related
emissions through the retrofitting of $0,.
NOx and particulate matter emission con-
trols to existing oil-fired power plants
provided that the emissions from the
proposed new facility do not exceed the
emission reducticn potential from existing
power plaats. In certain areas, however,
no trade-offs may be required.

V. ENISSION COMNTROL FEASIBILITY

Uncontrolled Fmissions - The popular
conception regarding the high emission
levels associated with coal is born out
by a comparison of the “uncontrolleu”
emissions from coal combustion compared tc
the combustion of oil and natural gas. As
shown in Table 3, NOx, SOx and parti-
culate emissions from coal cosbustion are
substantially qreater than from either oil
or gas with the pacticulate emissions from
coal exceeding the particulate emissions
from oil by a factor of 105 when the o1}
burned has a sulfur content of 0.5 percent
by weight.

The secason for the signiticant dit-
teremees between the caissions ereated
trum tine combustion ot coal amt other
tussil fuels is primarily due to dif-
ferences in their composition. A typ:.:al
western coal is 71.43 percent by weight
carbon, 1.36 percent by weight nitrcgen,
1.00 percent by weiqht sulfur, 5.05 per-
cent by weight hyd.oyen, and 8.42 percent
by weight ash made up ¢ silica, trace
metals and other noncoumbustible materials.
The nitrogen contained in the coal is a
contributor to the NOx emission produced
during combustion. The ash is i.¢ princi-
pal source of particulate emissions.
While fuel oil may ‘ontain as much sulfur
as coal, it typicall:; contaias only 0.50
p~rcant by wei.iht nitrogen and 0.04 per-
~ent by weight noncombustible impurities.
Natural gas is typically almost entirely
made of methane (93.33 percent by volume
and contains only trace quantities of non-
hydrocarbon components, such as 0.0009
percent by weight hydrrgen sultfide (#,S),
the combustion of whi:*h creates the réla-
tively low concentrati. . of SO, emissions
associatel with natural gas combustion.
NOx emissions from qas-fired combustion
are only created from the reaction between
the nitroegen and oxygen -contained in the
combusit Gon atr. Nyt Dhound nttrongen i
present to contrivate to the tormatien ot

NOx.
REPRODUCIBILITY OF THR®
ORIGINAL PAGE IS POOR

Particulate Bmission Controls - Since the
particulate emissions from uncontrulled
coa. combustion are great enough to crecate
a substantial public nuisance, there have
beer: particulate matter controls applied to
coal-fired power plants for quitc some time.
The mosSt common control device is the
electrostatic precipitator (ESP), which
removes combustion particulates by ducting
the stack gases between charged plates.

The electrostatic charge applied to the
particles results in their migration to the
plates where they periodically drop into a
collection hopper each time the plates are
"rapped” to shake the particles free.

The cffectiveness of electrastatic proe-
cipitators depends on the surface arca of
charged plates, particle size, and particle
resistivity. While ESPs can be designed
for removal efficiencies exceeding 99%, the-.
collection plate area required, and there-
fore the system cost, increases rapidly
above 95t removal efficiency.

Fabric  filtration is an alternative to
*he use -of electrostatic precipitators
Jhich makes substantially ir-reased parti-
culate emission control fea:sible. As shown
schematically in Figure 2, a oaghouse
consists of an enclosure containing numer-
ous cylindrical fabric filters ("bags®™) -
through which all of the combustion gases
are ducted. Sutficient filter area is
srovided to red pressure drop through
the baghouse to -5 inches of water on
typical coal-fi: d utility boiler appli-
cations.{6) To . btaiu a combination of
high filtration . fficiency ard low pres-
sure drop, more han 10,000 individual bwgs
might be used 10 a 500 megawatt coal-fired
boiler.

In tests ruu on full scale coal-fired
boilers using fabric filtratiom, particu-
late removal efficiencies of 99.84% and
99.91t have been reported{6). The resul-
tarnt stack emissions with such efficiencies
were recorded at .01 and .005 pounds per
million BTU heat input.

S0, Emission Controls - “tack gas scrub-
bing gor sulfur dioxide remcval has been
developed to the point where 95% elficiency
can be routinely achieved.{(7) The latest
experience in Japan indicates that the
reliability of scrubbing systems has been
improved to the point where the scrubber is
®available™ more than 991 of the time.{(7)

A number of regenerable and nonrcyener-
able, or "throw away”, systems are on the
market. A schematic of a simpie nonregener-
able system incorporating the use of a lime~
stone slurry is shown in igure 3.

removal mechanism for this type

involves a reaction between

S0, aned oty ey torm o procaipitate ot

[RASTS T RN N comertend Tronn the systemoas
r” ey oble systems, such as the
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byproduct, such as sulfuric acir i, and havre
a0 8olid waste.

®0x Emission Controls - The control of
--Hox-emissions from - fossil fuel combustion
can be achievea throwgh the use of coa~
bustivon mwodifications ami stack gas treat-
ment. Uncontrolled ROx cmissions from
coal combuastion have heen roduced below
200 ppm throvgh burner and -fur modi-
fications in experimental work.
Combustion modifications applied to the
Isogo Power Station operated by the
Electric Power Development Company of
Japar.. have resulted in emissions averagine,
250 p"n on 265 M furnaces in daily opera-
tion.'7) pmissions at the 1sogo facility
were reduced from 669 ppm to 376 ppa
level the use of NOx ports, amd
from 576 ppm to 240 ppm through the use of
low=N0x burmers.

B

The greatest potentizl for minimizing
tuc NOx cmissions associated with coal
combustion is through the use of ammonia
injection. Two basic processes, one of
vhich involves the catalytic cahancescnt
ot the NOx elimination, have been develop-

ed. Both relvy on the basic reactiuvns
shown bclow:
NH3 + 1/4 02=—=—=P Nk + 1/2 L0 (1)
NHy + NO=——=—3 N3 + H0 (2)

The ammonia is consumed in the process
with the nitrogen and hydrogen atons being
converted to water and nitrogen gas when
reacted with oxygen and nitric oxide.

Thais reaction will take place without
catalytic enhancement if ammonia is in-
jectd into the exhaust jas at o toempera-
ture ot approximately 1750 . The tempoer-
ature required tor the reaction can ke
reduced through the addition of hydrugen.
The noncatalytic assmonia reduction of
nitric oxide has the disadvantages of
lower cfficiency than catalytic and a
narcow Lemperature window, which implics
ccntrol difficulties.

The noncatalytic or "therm: 1* ammoniq
injecrion prccess has been shown to be
relatively insensitive to fuel propertics
in numerous tests, some of which involved
coal combustion. The noncatalytic system
1s shown schematically in Figure 3.,

Catalytically enhanced :mmonia injec-
tion systems offer the advantages of
higher NO removal efficiency, lower
reaction temperature, and a broad tempera-
ture window. The catalytic system, shown
schematically in Figurce %9, has uchieved
grea'cr than ??" NO remnval in scveral
applicat ions(7) | A pitot catalytic am-

monia inpeelion svatem installoed ot Uhe
Isenpes Power DEal . o hats achicevedd 907 ND
reanval on exhaust gas tiom coal combus-

tion. Catalyst touiing with combustion
particulate, a probtem in cavlier in-
stallations using "dirty” fucls, has not
presentced problems at [soqo, which uses
plate-type as opposed to pelletized

catalysts. The open channels of the plate-
type catalyst are less susceptible to
particulate matter fouling. Hot-side
electrostatic precipitators provide an
alternative approach to reducing potential
particulate fouling vroblems, but tiw
experience at Isogo imticates that they
may not be regquirad.

A characteristic ot both catalytic amd
noncatalytic ammonia injection systems .is
the production of some ammonium bisulfite
and ammonium bisulfate when high ammonia
inj* tion rates are used to maximize NO
rer sal. The experience in Japan indicates,
however, that asmonium bisulfite/bisulfate-
production does not produce si-niticant
problems since the deposits tend to form
on air preheaters which can be periodi-
cally cleaned by water washing or soot
blowing.

Emission Standards Achievable - Table 3
summarizes the currently applicable
emission standards for cuval-fired power
plants and the levels of control which have
been achieved on various tacilities.  dot.e
that the current EPA New Source Performance
Standards (NSPS) for both coal-fired and
oil-fired power plants allow for substan-
tially greater emissions than have been
proaven to be achlevable at certain existing
pover plants.

NOx emissions of 0.34 lbs/lo‘ BTU have
been demonstrated at the [sogo Power Sta-
Linn in Japan withnut stack gas controls
and 0.034 lbs/106 BTU has been achieved
with the ammonia injection pilot plant.

The level of NOx control reflecting “"best
av - ilable control technology” a rs to
I1c between 0.04 and 015 Lbs/100 pTU
depewding on whether catalyst durability on
cnal proves acceptable from an economic
perspective. The 0.15 level appears to be
achievab. » with th. use of the noncatalytic
process.

S0x cmissions of 0.05% lbs/l!l6 BTU rogre -
sents 95%¢ control over the emissions of
coal with a sulfur content of 1i. Most
western coals are sigrificantly below this
level of sulfur content.

Particulate matter emisgsioas.of
.005-.01 1bs/106 BTU have already been
achieved at two coal-fired facilities which
incorporate fabric filtration. Given the

“increased particulate removal efficiency

RO

associated with stack gas scrubbing, it
appears as thouap a standard of 0.00% <an
be achieved.

For comparison purposes, Table 4 includes
cmissions datu trom Alamitos #5, an oji-

tired power ploant operated by Southern
Calitorma caainon which i hee eleonest
atb=tived power plant sn Caletarnia, .l
Seattoergamnd #83, 0 natural gan=trred powes

pland operated by the los Angeles
hepartment of Water and Power which is the
cleanest fossil tfuel-fired power plant in
the statr. Comparing the aaggreqgated NOx
S0x and particulate emissions tfrom



Alamitos $§5 to the author's groposed best
avairlablc control technology standards for
coal, it is scen that Alamitos $5 could
hove as much as SU0% greater emissions than
a wodern coal-fired power plant of equjva-
leat output.

Control System Custs - A wide range of
cost estimates have been made for the
various emission control systems applic-
able to coal=tired power plants.  Shown in
Table 5 are the author’s cstimates for
control system costs compared to basic
power plant costs based on data from a
variety uf sources. Scrubbers, non-
catalytic ammonia injection and electro-
Static precipitators are estimated to
account for 27t of the —ost associated
with producirq electricity at .ne "busbar”.
Such control costs account for much less
than 272 of the consumer cost of clectric
e Kinee administrative costs and the
« s3ts associated with clectrice power trans-
mission have not been included.

Vi. SUMMARY AND CONCLUSIONS

The state of the art in emission con-
trol has progressed to the point where
cnal ran be used to produce electricity
with lesx air pollution than is currently
it gatedd willy ocdeeste i"i"( ||Ic-‘Ilc‘|'!| {aeom
Thao- evommborzil vosre il oot <anallaae taseel aob .
Frompressar, s becaseg mesdee an Ve sdeeves fospment
ol a new plan tor achteving and maintaining
the ambient air quality standards in
California, indicates that new emission
sourccs can be accommodated provided they
do not have emissions which will cause
violations. Preliminary air quality
muleling indicates that if cmissions from
coal-tired power plants are controlled to
the levels indicated as feasil!e above,
tiven e Jowcalizoed air quality stuamtard
viobat fonn can e oavoidesd .
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Table 1 - Mmbient Air Quality Stan.ards Significantly
Affected by Possil Fuel Combustion

Pollutan’

State Standards

Pederal Standards

Precursors

Nitrogen D.oxide
(NO,)

.25 ppa hrly avg

.05 ppm annua’ avg Nitrogen Oxide

Sulfur Diozide

.05 ppm 24 hxr avg

.14 ppm 24 hr avg

Sul fur Dioxide

(S0, .5 ppm hrly avg .03 ppm annual avg
Total Suspended 60 uqlm’ annual 7% m;/n3 annuatl rarticulates, s\lll'"_'
Particulate avy avg oxides, nitvopen oxides,
Matter (ESr) 100 wy/m3 24 br 260 wq/m} 24 br  hydrocarbons
avg avg
Sulfates 25 ug/m3 24 br tone Sul fur dioxzide
avg
Oxidant (0,) .10 ppm hrly avg .08ppm hrly avg Hydrocarbons (HC),
Nitrogen ozide
Visibility 10 iles when None Particulates, Sulfur
humidity is dioxides, Nitrogen
less than 70% dioxides, Hydrocarbons
Table 2 - Haximum Pollutant Concentrations, 1977
Basin
Oxidant P S0z Sulfates NO2
(one hour - (24 hour- (24 hour- {24-hour- (one hour-
ppm) 1g/m3) ppm) ng/m3) ppm)
South Coast .39% 508+ .132% 64.7* .69*
South Central Coast - .26% 2913* .035 27.5* -3Jo*
San Diego .29* 240* .023 37.9* .36*
San Francisco Bay Area A7 179+ .090 19.4 .26%
San Joaquin Valley .21% 793+ -092* 73.7* .18
Sacramento Valley .19+ 250* .014 6.6 .17
North Central Coast .14* 166* -053 7.6 .12
lake ‘Pahoe 10* 98 0 - .09
Southeast Desert .27% 732* .0880 18.6 .26%
Mountain Counties .10* 72 - 2.2 -
Great Basin Val _eys - - - - -
North Coast - 218* - 13.1 -
Northeast Plateau - 215* - 18.6 -
Lake County - 182* .01% 3.9 -
Indicates leve! in cxcess of state or federal ambient standard
Indicates data nou available
Total sulfur
Combination standard - 9%/80 exceeded on another day when S0 .076 & 0x = .10
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‘Table 3 - Comparison of Emissions from a Coal-Fired,
Oil-Fired, and Gas~Fired 450 M{ Power Plant
Without Stack Gas Controls (Pounds per 106 Btu)

Pollutant Coal-Fired?® 0il-Fired? Gas-Fired
NOx 0.45 0.17 0.11
SOx 1.33 0.52 nil
PH 4.20 0.04 nil
Motes: ° pased on burning 1% sulfur coal
b Based on burning 0.5t sulfur oil
Table 4 - Controlled Power Plant Emissions Comparison
Emissions, 1bs/10° Btu heat input
NOx _S0x L, I
EPA NSPS, (oil) 0.3 0.8 .1
EPA NSPS, (coal) 0.7 1.2 .1
ISO0GO Power Station ({coal) 0.34 0.02-0.1 .035
' 1SOGO NH; Injection Pilot Plant 0.034 - .035
Colorado Ute Nucla Plant (coal) - - .01
Pennsylvania Power ard wuight
Sanbury Plant (coal) - - .005
Author's Proposed BACT (cc2l) 0.04-.15 0.05 0.005
Alamitos £#5 (0.25% oil) 0.17 0.26 0.049
Scattergood 33 (gas) 0.034 0.0003 0.9025

Table 5 - Estimated Costs Associated with Electricity from Coal

Perceat of

Basic Power Plant
Scrubbe -,
Elect-ostatic Precipitators

Non-Catalytic Ammonia
Injection

Fuel Costs

TOTAL

Capital Cost

Electricity Cost

Total

S/KW Mills/KWHR Electricity Cost

600 11 42

t10 3 11.5
35 1 4

12 3 11.5
Externalized 8 31
757 26 100
F THE
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Figure 1 California air basins



Figure 3. Limestone slurry flue gas desulfurization
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Figure 5. Catalytic Ammonia Injection System
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