SlLin i

A

PREPARED BY:

SCR COMMITTEE

INC.

INSTITUTE OF CLEAN AIR COMPANTES

NOVEMBER 1397

Cupyeight © Instimte of Clean Air Compenies, Ire, 1837, AT rights reserved, .



S NSTTTUTE OF

< CLEAN
(O (OFs
COMEANIES
]

1660 1, Btrest NW

Suite 11001

Washingtan, DU 20036-5603
Telephone 20:2.457.0911
Fux 202.321.1358

Jeffray C, Smith, Exeetive Director
pernatl: jsmtth{gicac.cam

Michzel J. Waz, PFR.D., feputy Director
e-muil: mannEices. com

The Institute of Clean Air Companies, the nonprofit national assoclation of companies that
supply stationary source air pollution monitoring and control systems, equipment, and
gervices, was formed in 1960 to promote the industry and encourage improvement of

engineering and technical standards.

The Institute's mission i3 to assure a strong and workable air quality policy that promotes
public health, environmental quality, and industrial progress, As the representative of the
air pollution control industry, the Inatitute seeks to evaluate and respond to regulatory
initiatives and pstahlish technical standards to the benefit of all.

Members _

ABB Envivonmantal Systams
Anarad, Inc.

Anpuil Environmental Systems, Inc.
Babeaclk & Wilaax :
Beaumont Environmental Systems
Belco Technologies Corporation
BOVAR Wartarn.Rozaarch

CSM Environmental Syslems, Inc.
Engelhard Corporation
Envircnmental Elements Corporation
FLS miljg, loc.

Grasehy STT

Horiba Instruments, Ine.

Liand Combustion

Mitaubishi Heavy Industries America, Inc.

Munters Corporation

Nalvo Fuel Tech

Noell, Ine.

Praocedair Industries
Besearch-Cotirell, Inc.

DB Riley FEnvironmental Systems
Rosemount Analytieal Ine.
Sargent & Lundy

Smith Environmental Corporation
United MefFill Corporation
Wahleco, Inc.

Wheelabrator Aiv Pollution Control

= INSTTIUTEQF

- CLEAN
Imc m\'l?.\_‘i 45

Associate Members

2M Company

Acme Structural, Inc.

Albany International Corporation
BAESF Corporation

Bellefonte Lime Company, Inc.
BOC Gases

Carmeuse NMorth America
Carug Chemical Co.

Chemical Lime Cornpany
Church & Dwight Co., Inc.
The Clarkzon Company
Cormetech, Ine,

Corning Incorporated

Dravo Lime Company
Entropy, Ine.

"Environmental Laboratories, Inc.

WL, Gore & Agsoclates, Inc.
The Mellvaine Company
Midwesco Filter Resources, Inc.
NWL Translormerd

Prazair, Ine,

Prototech Company

PSP Industries

miemens AG

Structural Steel Serviees, Inc.
Willizms Union Boiler Company

Selective Catalytic Reduction (SCR) Control of NG, Fmissions

Page i



TABLE OF CONTENTS

BB CUTIVE SUMMARY . ... it et e et et et e 1
SELECTﬁ?E CATALYTIC REDUCTION (SCR) CONTROL OF NO, EMISSIONS .. .. 2
Why Should We Conbrol NO, Emissions? . ... ... .. oo o i a 2

What is SO .. . e e e 3

How Much NO, Can SCRRemove? ... i oo i i e 6

Iz SCR Commercially Demonstrated in the US.? ... .. ... ... o i .. 7

Can SCR Be Used With High-Sulfur and Other “Dirty” Fuels? ... ............. 8

Does SCR Cost Too Much? ... . o i e e g

How Long Do SCR Catalysts Last? ......... i een 11

Can Ammonia Slip Be Controlled? . ... ... ... . 12

Can Ammonia Be Handled Safely? . ... .. ... .o i 12

Can SCR Suppliers Meel the Current Compliance Needs of the US.7 ... ......13

Are Low-NO, Burners and Combuators Preferableto 8CR? ... ... ........ 13

What Are Some Recent Developmentsin SCR? .. ... o o oo oL 14
REFEREN RS L i i e ettt et e 15
APPENDIX 1: Estimated Costs for SCR Retrofits on Coal-Fired Boilers ............ at
APPENDIX 2: Partisl List of TI.8. Appliratinns of SCR, .24
i womumos | Selective Catalyiic Reduction (SCR) Condrol of NO, Emissions

. Poge u



EXECUTIVE SUMMARY

Nitrogen oxides (ND,) emissions contribute signifieantly to natienal environmental
prohlems, including acid rain, photochemical smog (ozone), and elevated fine particulats
levels. Asof 1997, more than 100 million Americanglived in counties with unhealthy ozone
levels. To protect both human health and the environment, NO, levels thus must be lowered.
The process which can reduce NO, emissions most from many indusirial and ufility sounrees
is selective catalytic reduction (SCR).

First patented by a US. company in 1859, SCR i a proven fechnology used to
significantly reduce NO_ emissions from more than 300 sources in the TS, and move than
£00 sources worldwide. In the U.5., SCR has been applied on utility and industrial boilers,
gas turbines, process heaters, internal combustion engines, chemical plants, and steel mills.
Emissions reductions of greater than 90% are comman with SCI, although this technology
may he zsed economically for lower removal efficiencies as well.

Perceived high cost has been an impediment to the adoption of SCR in the US. While
this perception has heen based largely on incorrect informalion, both the capital and
operating costs of SCR have dropped significantly over the past decade because of
technological innovation, increased manufacturing experience, and competition among
manufacturers. Much longer expected catalyst lives have contributed to the reduced
operating coat. _ :

Decreased costs, suecessful operating experience, and tightened permit Limits have led
{0 a sharp increase in the number of SCR ayatems instalied in the 115, Given a large and
growing installed base and the inereasing tendency of owners and operators of regulated
units to choose SCR, authorities with extensive NO, confrol experience have concluded that
SCR technology is proven, safe, reliable, and economical.
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SELECTIVE CATAIYTIC REDVUCTION (SCR) CONTROL OF NO_ EMISSIONS

Why Should We Control NO_ Emissions?

NO, harms human heelth and the environment directly and by eontributing to
photochemical smog, atmospheric fine particulate, acid rain, and nitrogen
“deposition.,

Nitrogen oxides (NO,) include nitric oxide (NO} and nitrogen dicxide (NQ,), and are
praditced by the oxidalion of atmospheric and fuel-hound nitrogen in combustion processes,
including those in motor vehicles and industrial facilities. Nitrie oxide is a colorless gas that
i2 converted in the atmosphere ta yellowish-brown NO,,

In 1595, national emisgions of NO, were 21.8 million tons. FEleetrie utility and
industrial fuel combustion contributed 9.4 million tons of NO_, with most of the remainder
coming from mobile sources.'

Nitrogen oxides harm human health and the envivonment both directly and indirectly;
as summarized below?

Nitrogen dioxide can canse adverse human health effects, including
bronchitis, prnetmonia, lung irritation, and susceptibilify to viral mfection. Animal studies
show that intermittent, low-level NQ, sxposures also can induce alterations in the kidney,
liver, spleen, red blood cells, and cells of the immune system.?

NO, emissions lead to the formation of ground-level azone (photochemieal
smogh, Unlike ozone in the stratosphers, ozone at pround level has a strong negative impact
on hirman health and the environment. Ozona impairs ling function and aggravates heart
disease and respiratory diseases such as asthma and bronchitis.? Ozone also cauges such
negative environmental effects as crop and forest damage and visibility impairment.®

EPA estimates that mere than 100 million Amerieans live in counties exceeding the
national ozone air quality standard, making ozone a pervasive air problem? Analyses done
by the Ozone Transport Assessment Group show that significant NO, reductions are
necessary to solve the ozone non-attainment problem in the U.S.°

NO, reacts to forin fine particulate in the atmosphere. Nitrogen oxides react
with oxygen and other components of air to form nitrates, which coalesee into fine particles.
Studies of collected PM,; (particulate with a diameter less than 2.5 micrometers) suggest
that nitrate males up more than 10% of the mass of fine particulate in the western two-
thirds of the country” Recent research showing that fine particulate increases huuman death
rates and exacerbates respiratory and cireulatory diseases highlights® the importanee of
lowering the concentration of fine particnlate and its precursors?

NO, emissions contribute to acid rain and nitrogen deposition, Nitragen
oxides contribute to Lhe formation of acid rain, which has been shown to destroy fish and
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other formas of fresh and coastal water life, and to damage buildings and materials, forests,
and agricultural erops. In some western arcas of the United States, NQ, emisgions are the
primary cause of acid deposition. In the East, NO, emissions are responsible for about one-
third of rainfall's acidity over the full vear, and ene-half during the winter®

NO, also contributes to nitrification of rain, which may “over-fertilize” the soil,
leaving folinge more virlnerable to damage from ¢old, inseets, and dizease. Nitrification can
also upset the ecological balance on both land and water.” :

What is SCR?

In the SCR process, a catalyst facilitates a chemieal reaction between NO, and
ammonia to produce nitrogen and water. An ammonia-air or ammonia-steam
mixture is injected into exhaust gases containing NO,, The gases mix thoroughly
in a turbulent zone, and then pass through the catalyst where the NO, is reduced.
The catalyst promotes the reaction, but is not consumed by it.

SCR iz a process for confrolling emissions of nitrogen oxddes from stationary sources.
The hasie principle of SCR is the reduction of NO, to N, and H. O by the reaction of NO, and
ammonia (NH,) within a catalyst bed. The primary reactions peeurring in SCR are given .
below. Note that these reactions require oxygen, so that catalyst performance 13 best at
oxygen levels above 2-3%.' '

4NO + 4NH, + O, ~ 4N, + 6H,0

2NO, + ANH, + O, - 3N, + 6H,0

Several different catalysts are available for use at different exhaust gas temperatures.
In use the longest are base metal catalysts, which typically contain titaniim and vanadinm
oxides, and which also may eontain melybdenum, tungsten, and cther elements. Base metal
catalysts are useful between 450 °F and 800 °F. For high temperature operation (675 °F (o
over 1100 “F), zeolife calalysts may be used. In clean, low lemperature (350-550 °F)
applications, catalysta containing precious metals such as platinum and palladium are uscful.
(Note that these compositions refer to the catalytically active phase anly; additional
ingredienls may be present to give thermal and structural stability, to increase surlace area,
or for other purposes.)

The mechanical operation of an SCE system is quite simple. It consisls of a reactor
chamber with a catalyst bed, compozed of catalyst maodules, and an ammenia handling and
injection system, with the NH, injected into the flue gas upstream of the catalyst as shown
in Figure 1. {(Ocrasionally, a fluidized bed of catalyst pellets is used.) SCR zystems have no
moving parts. Other than spent catalyst, the SCE process produces no waste products.

4 mermomoe Selective Catalytic Reduction (SCR) Control of NO, Emissiﬁ
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Figure 1. Schematic Diagram of a Generic SCR System -
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In utility boiler applications in the U.8.. the catalvst has heen nlaced in a separate
housing upstream of the air preheater and of any particulate collection deviee {see Figure 2).
This “high-dust” hot-side configuration is less expensive to install and operate than other
configurations, In several units in California™ and in a demonstration in a coal-fired boiler
in New Jersey™ the catalyst has been installed in expanded duetwerk between the
economizer and preheater (“in-duct SCR”) to meet space constraints and lower capital costs
further Use of preheater baskets coalud with active catalyst material (“preheater SCR”) to
shrink the size of the catalytic reactor or to reduce ammonia slip from upstream NO_remaval
processes,” has been the subject of several demonstrations.'®
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Figure 2. (a) SCR System Configurations for Utility Boiler Applications; (h}
Schematic Diagram of a High-Dust Hot-Side SCR System
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Figure 3. SCE Catalyst Placement for Gas Turbine Applications
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In combined-cycle gas furbine applications, the catalyst normally is placed after the
superheater in the heat recovery steam generator (HREG), where the temperature iz in the
range suitable for basc mctal aperation {see Figure 3). At several sites in the U.S., high-
temperature (zeolite} calalyst has been installed upstream of the HRSG or at the turbine
exhaust in simple-cyele applications, where the temperature may be as high as 950-1060 °EY

How Much NO, Can SCR Remove?

By proper catalyst selection and system design, NG, remowval efficiencies
exceeding 90% may be achieved. In practice, SCR systems designed for a wide
range of NO, removal efficiencies have proven economical.

In principle, SCR can provide reductions in NO, emissinns approaching 100%. (Simple
thermodynamic caleulalions indicate that a reduction of well over 99% is possible at 650
*F.) In practice, commercial SCR eystems often meet control targels of over $0%.

(siven that there are no fundamental physical cbstacles to the NO, control levels
attainable with SCR, the confrol levels altained in practice are the result of system design.
A prercquisite to high removal effictencies is eftective mixing of NO, with a precisely
determined amount of ammonia; this is readily achieved in enrrent systems. The actual
removal efficiency achieved thus is a function of the amount of catalyst installed and the
amount of ammonia injected, so that the choice of control level is based on cost
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ennsiderations. Control levels of 80-90% have preven cost-effective in many cases, although
oceasionally lower control levels have been specified as sufficient to meet peﬂnit limits.

In addition ta high percentage reductions, very low contreolled emissions level: also
have proven cost-effective using SCR. Reductiong in utility boiler emisgions to the proposed
OTAG-region 0.15 Th/MMBtu emission limit ara readily achievable. Thus, at SCR systems
at 19 coal-fired plants in the US. and Europe for which EPA has collected conlinuous
emissions data, average NO_ emissions range from ¢.04 th/MMBtu to 0.17 Ib/MMBtu, with
NO_ removal efficiencies ranging from 54-94%.° (At some units, controlled emissions higher
than 0.15 Ib/MMBtu are sufiicient to meeb permit limifs.)

For example, reductions of over 60% allow coal-fired boilers in New Jarsey and Florida
to meet 0.17 I/MMBtu NOQ, limits; mean hourly NO, emissions from these boilers have been
{.13-0.16 Ib/MMBitx, based on eontinuous emissions monitoring. At these coal-fired boilers,
emissions have been deereasing over time as the firing system and SCR systemn gperation is
further optimized.

SCR reductions of 60-65% at a coal-fired boiler in Virginia provide outlet emissions
below 0.10 Ib/MMBtu, even during severe load swings.®' At a coal-fired cyelone beiler in New
Hampshira, a retrofit SCR system provides a 66% emissions reduction from a 2.66 1b/MMBlu
basecline to meet a 0.92 Ib/MMBtu permit limit, and is expected Lo provide an 85-95%
reduction to allow compliance with a lower 3,1-0.4 [h/MMBtu limit beginning in 1998.%

Large reductions are nat limited to coal-fired units. On gas-fired utility boilers in
California, SCR reduces emissions by more than 90% to well below 0.1 Th/MMBtu.”

On gas turbines, reductions of 90%, with gnaranteed cutlet emissions below 5 ppm,
are common.” SCR has been used to reduce emissions from reciprocating engines hy greater
than 90%%, with emisgions from diesel engines reduced to well below 2 g/bhp-hr™, and from
dual fuel engines to below 0.5 g/bhp-hr™

Is SCR Commercially Demonstrated to the U.S,?

SCR is installed on more than 300 sources in the U.S,, includibg utility and
industrial boilers, process heaters, gas turbines, internal combustion engines,
chemieal plants, and steel mills (see Appendix 2).

Retrofit SCR systems are in operation on 14 gas-fived utility hoilers ranging m size
from 147 to 750 MW in California, Commitments far several more units are pending. SCR
ayatems are operating at 7 coal-fired boilers, including an existing eyelane boiler in New
Hampshire, and new pulverized ecoal boilers in New Jersey (3 beilers), Florida (2), and
Virginia (1). In addition to this significant experience, demonstrations at coal- and oil-fired
units in: the 7.8." and considerable experience abread®’ suggest that SCR is a viable retrofit
contral technology far hoilers used in electricity generation.
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SCR is used tu control NO, emissions from more than 40 industrial beilers and
process heaters in the US. These include both lield-erected and small packaged boilers.
Typical contral levels on these untts are 80-90%.

SCR has found growing use for the control of NO, emissions from combined cyele gas
turbines, with more than 100 systems installed in the US. since 1986.® Recmoval
efficiencies of over 80% are common in this application,” and SCR has been wsed alone or in
combination with cther control technologies to achieve outlet NO,_ levels below 5 ppm.¥® The
development of the high-temperature SCR catalyst has allowed the use of SCR on simple
cycle turbines.”

Another growing use of S8CR is the control of NO, emissions from stationary
reciprocating internal combustion engines. SCR systems have been used to contral
emissions from more than 30 internal combustion engines burning natural gas, diesel fuel,
and mixtures of these in the 118, including engines on four marine vessels in California.™
An SCR catalyst often is placed downstream of an cxidation eatalyst to allow for
simultaneous remmoval of N0, and hydrocarbons and carbon monoxide.

SCR also has been used on other types of sources. At nitrie acid plants throughout
the U.S., SCR systems provide reductions cften exceeding 90%.™ SCR units have been
inatalled on annealing furnaces at steel mills in [Uinois, Indiany, and California, and at an
electrie are furnace.

' Can SCR Be Used With High-Suifur and Other “Dirty" Fuels?
SCR systems are commercially proven on high-sulfur oil and medium-sulfur coal
applications. Based on the widespread experience with SCR on coal-fired boilers
abroad and successiul demonstrations in the U.S., there is no technical
impediment to the successful application of BCR systems to high-sulfur coul-firing
facilities.

Concerns regarding the use of high-sulfur fuels center on the formation of ammonium
hisulfate, a sticky substance which ean mask the catalyst, plug air healers, and corrode gther
downstream surfaces. Ammeoninm bisulfate is formed through the reaction of ammonia with
80, which in lurn is formed in the furnace and through the oxidation of 80, by the SCR
eatalyst. By minimizing ammonia slip and suppressing sulfur dicxide oxidation acrosg the
catalyst, the amount of ammonium bisulfate formed is kept to a level which does not affect
operation,

JCER has performed well on demonstrations an high-sulfur coal in the 115, using
syatems desirmed for low ammonia slip and catalyst formulations designed to minimize
oxidation of 30,. For exampie, in testing sponsored by the U.S. Department of Energy, SCR
calulysts made by a variety of UE. and foreign manufacturers performed snecessfully on flue
gas from a 75 MW tangentially fired boiler burning high-sulfur (3%) coal. Criteria for
successful performance in this testing included 80% NQO, removal with less than 5 ppm
ammonia slip and less than 0.75% 80, axidation,®
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Several of the catalysts in this test cxceeded goals, with ammonia slip levels
maintained below 1 ppm throughout the test™

SCR also performed well in a pilat plant study on a boiler burning a high-sulfur (1.5%)
oil. The Electric Power Research Instibute found that the study “successfully demonstrated
long-term catalyst activity, direct injection of aqueous ammenia into the flue gas, and the
ability of automatic control to operate effeclively under extensive load-following
conditions. ™™

In any case, the number of plants in the U.S. burning high-gulfur fuels is small. Only
A% of the power plants in the U.S. burn coal with a sulfur content exceeding 3%; the great
majority (72%) burn coal with leas than 2% sulfur, and aver half (58%) burn cval with less
than 1% sulfur. Worldwide, 4% of the SCR-equipped coal-fired boilers already burn coal with
over 2% sulfur without incident. Further, several SCR-squipped units burn oils and other
fuels containing very high levels (up to 5.4%} of sulfur. Firing such fuel places significantly
greater demands on the SCR system than does firing coal, given the high levels of 50, and
vanadium exiting the boilex.™

Concerna regarding other fiue gas constituents, such as alkali metals and arsenie,
ecnter on catalyst deactivation. In wet bottom boilers which reecireulate fly ash and thus
concentrate poisons such as arsenic in the flue gas, initial experience in Europe sugmested
that cataiyst lives might be unceonomically short. However, current cataiysts are resistant
to poisoning by arsenic and olher contaminants,” so that catalyst life in wet bottom
applications is now comparable to other applications.

Does SCR Cost Too Much?
No. The cost of contrelling NO_ emissions with SCR is often less than $1000 per
ton of NO, removed.

SCR cogta vary by the type of unit cantrolled. For coal-fired utility boilers,
experience in the 1.8, and abroad™ suggests capilal costs for retrofits on wall- and
tangentially fired units of $50-70/kW, and for retrofits on eyclone and wet bottom wall-fired
boilers of up to approximately $S0/KW,

For example, the total capital cost of tha SCR aystem at the 330 MW Merrimack 2
cyclone boiler was $56/xW* Very high uncontrolled NO, levels and a difficult retrofit shonld
make the cost of this system higher than average. Based on detailed engineering studies, the
costs for retrofitting SCR on six RACT-centrulled pulverized coal boilers in the northeast
range from $55/kW tu $84/kW, with higher costs at smaller units and where crowding does
not allow the installation of a lower-cost high-dust system. (See Appendix A).

Tutal cost per ton of NO_ remdved (removal cost-effectiveness), which inciudes both
capital recovery and operating eosts, varies with the uncontrolled NO, level of the zource.
Units with higher uncontrolled NO, levels will have a lower remaeval cost per ton, because
the capital expanditure spread over a greater number of tons removed. In general, costs are
lower than expected, in part because of lower capital costs, but also because of improved
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catalysts and catalyst replacement strategies which lower annual catalyst purchase costs.
In general, “post-RACT” control of wall- and tangentially fired hoilers, with starting
emissions of 0.5 Ih/MMBtu or less, will be $300-1800/ton. On the other hand, “;']re-RACT”
control of these boilers will be less, at $600-1400/ton, because of higher starting emissions.
For cyclone and wet-bottom units, which are expected to have even higher emissions and very
limited seope for combustion controls, the cost-effectiveness will be $400-1000/tan.

At the Merrimack boiley, the SCR reduces emissions hy 65% with a cost-effectiveness
of $404/ton.*® On the much cleaner RACT-controlled units detailed in Appendix A, detailed
engineering estimates put retrofit SCR coat-effectiveness near $1000/ton.

Even on units with low starting emissions, SCR cost-effectiveness is reasonable. At
a new coal-fived plant in Florida with boiler exit emissions of 0.32-0.35 Ib/MMBiu, the SCR
removes N, at a cost of approximately $1200/ton. The total capital cost of the SCR system
at this plant waa $47/kW*

In Germany, where [abor and mateﬂa.]s costs are higher than in the US., retrofit costs
of about $60/EW are commeon, with the cost of SCR systems on new coal-{ired builers often
below $40/kW Cost-effectiveness values in Germany have been in the $1000/ton tange.™

Qf equal importance to the capital cost and the cost-sffectiveness is the operating cost.
The operdiing cost of any poilution control technology must be low relative to the market
price of goeds produced to be cconomical. Fortunately, an independent power producer has
determined that “the cost of SCR is insignificant to the cost of producing electricity™#
Typical SCR operation and maintenanee costs are below 1 milllkWh (0.1¢/kWh}, compared
with typical consumer electricity rates of 70 mills/kEWh (Te/k'Wh).

For example, the SCR system at the coal-fired plant in Florida mentioned above has
levelized operation and maintenance costs of 0.41 mills’kWh (0.041¢/kWh), and a total
levelized cost (including capital vecovery} of 0.98 mills/kKWh (0.098¢/kWh), equivalent to less
than 2% of typical consumer electricity prices. Equally important for electricity generation,
the SCR system has no balance-of-plant operational impacts, with no reguirements for
Increased staffing. ¥ -

For oil- and gas-fired utility boilers, SCE retrolit capilal costs al several
commercial installations have been $25-20/kW* Thase units cost less to contral than coal-
fired hoilers because lower NO, emissions and lower particulate levels mean that less catalyst
ig needed, and a more compac! reactor can be used.

Capital costs for installing SCR on new industrial boilers range from ahout $4000-
6000 per million Bfu per hour (MMBtu/hr) of heat input on small oil- and gas-fired units, to
over §10,000/MMBtuwhr on larger coal-fired units. Based on thess vapital costs, the cost

uncontrolled NO, emissions and boiler size.*
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For gas turhines, the cost of SCR i $30-100/EW depending upon the size of the
turbine. Removal costs range from less than $1000/ton to about $2500/ton for enntinuously
operated turbines.®

Based on a report prepared for the gas industry, the cost of installing retrofit SCR on
large reciprocating internal combustion engines is roughly $125/hp,* Compared with
alternatives such as low emission combustion retrofits or replacement with electric engines,
the cost of SCR thus is quite reasonable.

How Long Do SCR Catalysts Last?
Catalyst lives measured in years, together with optimized catalyst management
programs, result in very low annual catalyst replacement costs.

SCR systems have been operating on power plants for more than 17 years.®® While
early projections assumed a one year life before catalyst replacement would be necessary,
operating experience has shown these projections to be unduly pessimistic. At many
installations, catalyst has net been replaced yet, 2o that it 1s impessible to determine catalyst
life with any certainiy

Further, with proper catalyst management techniques, there is no need to replace all |
of the calalyst at once. For example, a vacant space for additional catalysl ofler is built into
the SCR reactor. When NQ_ conversion decreases or ammonia slip increases to the permit
level. frech catalyst may be placed into the vacant space. leaving the remainder of the catalyst
intact. After that, periodic replacemsnt of a fraction of the total eatalyst inventory should
be sufficlent to maintain the desired activity.*’

Management aschemes such as this result in a greatly reduced need for replacement
catalyst and a longer effective catalyst life.® The effective SCR catalyst life at coal-fired
boilers is now expected to be about nine years.* For example, catalyst replacement schemes
at units in New Jersey and Florida would result in the annual purchage of the equivalent of
between 1/14 and 1/8 of the initial catalyst charge over a 15-year period, i.e., an effective life
of 8 to 14 years.™ i

(Given low eatalyst replacement rates, SCR users must dispose of spent eatalyst very
infrequently Most catalyst manufacturers offer a disposal service for spent catalyst.
Typically, they either reactivate the catalyst for reuse, or recycle catalyst components for
other uses. For cxample, in Japan, titaninm dicxde from the ecatalyst is recycled for eventual
use us 4 paint pigment.” Where the spent catalyst cannot be reactivated or recycled, it can
ba disposed of in approved landfills, as EPA has determined that spent catalyst is not a
hazardons waste.™

Catalyst recycling, beyond minimizing disposal cosis, can reduce total operating eosts
if recyeled catalyst is used to replace spent catalyst. Depending on the ecost of recycled
catalyst relative to virgin catalyst, use of recycled catalyst can produce net present value
savings in catalyst costa of 10-20% over the life of an SCR system.™
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Can Ammonia Slip Be Controlled?
Ammonia “slip,” the emission of unreacted ammonia from SCR systems, can be

controlled to levels low encugh that effects on plant operation, ash propertics,
and health will be insignificant.

Ammoeonia slip, caused by the incnmpléte reaction of injected ammonis, has been cited
- as a potential environmenlal and health hazard. Slip may be minimized by designing SCR
systems to ensure good distribution and mixing of injected ammonia.

In practice, ammonix slip is a design parameter for catalyst sizing, just as is the level
of NO, raduction, Thug, the amount of catalyst used in a given system will be selected to
meet permitted slip and outlet NO, limits, In econamical systems, nitrogen oxide removal
efficiencies of up to 90 percent commonly are achieved with ammonia slip values below 5
ppm. In fact, slip has been controlled to below 2 ppm through proper design and use of
sufficient catalyst; at these levels ammonia has no effect on fly ash dispasability/sale.

In the US, permitted ammonia slip levela typically are in the 2-10 ppm ranges.
Recent permits have called for ammonia slip levels of 5-10 ppm on gas turbines,™ and 2-5
ppm on coal-fired hoilers. ™ In actual practice, ammonia slip levels much lower than these
are achieved. For example, at coal-fired hoilers in New Jersey and Florida, 3CR aystems
designed for 5 ppm ammonia slip have actual slip values of 0.16 ppm or below™ Only when
the catalyst is near the end of its service life wiil slip values approach permitted levels.

According to an EPA study, the ammonia slip al 14 coal-fired units with data available
ranges from below 0.1 ppm to below 5 ppm. Seven of these units report slip below 1 ppm.®
Any operational effects of ammonia slip on these units, in terms of air heater maintenance
requirements and the ahility to sell fly ash, are negligihle.

FEven permitted levels for ammonia slip in the U.S., which may not be reached during
normal operation, are well below health and odor thresholds. For example, in permitting a
pulverized coal cogeneration plant in New Jersey; state officials predicted that the project's
24-hour averape and maximum one hour contributions to ambient ammonia levels would be
0.16 ug/m® and 1.7 ugim®, both well below the chronic health effect eriterion of 84 pgim®™

Can Ammonia Be Handled Safely?
Yes.

Concern over the handling of ammonia centers on the transportation and storage of
a hazardous gas under pressure™ However, large quantities of ammuonia already are used
for a variety of applications with an excellent overall safety record.™ (Last year, 39 billion
pounds of ammenia were produced in the 1.8.") These applications include the manufacture
of fertilizers and a variety of other chemicais, as well as refrigeration. With the proper
controls, ammaonia use is safe and routine,®

To aveid the nsk of handling anhydrous ammeonia, many eurrent applications of SCR
technolopy use aqueous ammonia, which is over 70% water, and thus avoid nearly all of the
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safety issues associated with anhydrous ammonia gas. Most utility SCR installations in
California and several installations on coal-fired boilers in the east,” for example, use
aguecus ammonis.

Can SCR Suppliers Meet the Current Compliance Needs of the TL5.?

- Catalyst manufactmrers and system suppliers have enough capacity to install SCR
systems in time for Czone Transport Region and phase Il acid rain requirements
in 1999 and 2000, and for Ozone Transport Assessment Group region requirements
in 2002,

The approximately 15 suppliers of SCR technology worldwide, including some of the
world's largest companies, estimate that they could supply in two years ail the SCR control
svatems likely to result from current U.S. regulations with capacity to spare. The heart of
an SCR system is the catalyst, and if extra catalyst capacity were needed, at least three to
four of Lhe largest SCR suppliers could double their capacity within one year

In fact, significant overcapacity exists a8 a result of the maturing of SCR markets
abroad. Companiea that supplied thesge systems are stil! in business and looking to the US,
for future markets. In addition, 118, firms have entered the market over the pasl ten years
in anticipation of a NO, reduction program in the U.S.

A further concern, that the process of installing SCR systems on large numbers of
utility hoilers would affect the reliability of US. power producera, alan i groundless. Most
of the construction work required to inatall an SCR system may be done while the boiler is
operating. Conneection of'the SCR reactor to the boiler typically is accomplished during a
regularly scheduled mainlenance outage, and so should affect generating eapacity minimally,
if at sll.

Are Low-NO, Burners and Combustors Preferahle to SCR?

While low-NQ, borners and low-NO, combustors are often appropriate tools for
controlling NO, emissions, they have limited NO, removal capabilities and may
have hidden costs.

In many eases, “pollution prevention” approaches such as the use of low-NQ, burners,
overfire air, and low-NO, combustors are the must cost-effective way to control emissions.
Infortunately, low-NQO_ combustion technologies are often unahile to meet the required
emission limits. For example, low-NO, combustors are generally unable fo reduce gas
turbine NO, emissions below 15 ppm to the 3-8 ppm limita called for by regulators.™

Low-NO, technologies also may he ingppropriate choicas when emission limits are
likely to change over time. Incurring the costs of two retrofits by installing low-NO, burners
followsd by a gecond NO, control technology a short time later clearly is a questionable
strategy, given the availability of a technology like SCR which allows cost-effective
compliance with a broad range of emission [imits.
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For some units, such as cyclone and other wet-bottom beilers, low-NQ, technologies
are available, but these may change operating condilions in unacceptable ways. Low-NO,
burners also may cause significant operating problems when retrofit in existing boilers.
These problems may include loealized furnace and watertube corrosion, lower boiler
efficiency, and increased particulate emissions.™

For example, one power producer using both low-NO_ burners and 8CR found that
tuning the burners to reduce NO, emissions increazed fly ash logs-on-ignition levels and
decreased boiler efficiency. That producer is now retuning the hurners for maximum boiler
efficiency and minimum less-on-ignition, and will use the SCR system to remove any
additional NO,. Beyond lower fuel use, the producer expects ancillary savings from
reductions in burner maintenance requirements and boiler corrosion. ™

Of course, in some cases, the most cost-effective approach may be a combination of
low-NQO_burners ar combustors and SCH.

What Are Some Recent Developments in SCR?

SCR suppliers are centinuing to reduce costs further through improvements in
catalyst technology and system design, and to exploit the capabilities of SCR
catalysis for the removal of multiple pollutants.

Catalysi manufacturers have continued to improve catalysts and extend SCR catalyst
capabilities. Current SCR catalysts are more resistant to poisoning and erosion than their
forebears, and thus have longer lives,* Catalysts for high-temperature operation, e.g., in
simple cycle turbines, are finding expanded use.™ Catalysts which reduce dioxin and furan
emissions, a3 well as N}, emiszions, are being ingtallad on unitz such as incinerators.

SCR suppliers also are working to expand the capuabilities and reduce the vost of SCR.
[Tse of sophisticated flow modeling allows the design of systems with very uniform gas flows
and NH,/NQ_ ratias, thus reducing required eatalyst volnmes and minimizing ammonia
glip,™

Suppliers alsa have developed hybrid selective non-catalytic reduction (SNCR}-SCR
gystems. These hyvbrids rely on reaction with urea or ammoniy in Lhe boiler to destroy a
portion of the NQ_, followed by further reaction in a reduced-size catalyst reactor to destroy
most of the remaining NO_.. The hybrids thus provide high removal efficiencies and low
ammonia slip, but with reduced capital costs,

Finally, suppliers are using firancial innovations to help users of SCR. One potential
impediment to the installation of an SCE system is the requirement that the uger commit
capital funds. Suppliars are now offering to provide SCR through a build-own-operate-
maintain (BOOM) program. In BOOM, the supplier finances, owns, and operates the SCE
system, thus aveiding a capital expendibuee by the user. The user of the SCR system merely
pays an annual fee for NO, enntrol, thus converting a capital cost fo an operating cost.™
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APPENDIX 1; Estimated Costs for SCR Retrofits on Coal-Fired Boilers

The following tables contain estimates of the cost of installing and operating retrofit
SCR systems on six actual pulverized coal boilers. These boilers are already controlled to
RACT levels; SCR would allow compliance with anticipated tighter Ozone Transport Region
gmission [Imits, and alse would likely allow the generation of NO, eredits for sale. '

The estimates are based on detailed engineering studies (3-6 months per utility) done
for three utilities in the northeast. Becanse the engineering studies make no allowance for
competitive bids on individual pieces uf equipment, the all-in costs to utilities are likely to
be lower than the eatimates.

Major coet categories included in the estimates are demolition {existing ductwork,
inlet air duct, steel}, boiler modifications, fan modifications and ductwerk, supplemental
support for existing structural steel, fan motor and rator modifications, electrical system
modifications, SCE catalyst and reactor housing, sootblowers, ammonia storage and
vaporization/injection gystems, monitoring and control systems, and installation. All systems
include new or modified induced draft fans to aceount for the higher pressure drop, and
include soclblowers for each layer of catalyst. Eleclrical system modifications are included
on all units om the assumption that all additional electrical auxziliary lnads must have a new
breaker and wiring. Additional transformers are not included.

For units ranging in size from 190 MW to 570 MW, the all-in capital costs for these
SCR systems will be $55-84/kW The $84/kW figure is for a tail-end SCR system on & boiler
with no room for a more customary (and less expensive} high-dust systent, and thus is likely
to be among the highest easts expected for retrofit SCE.

Qperating costs are based on typical catalyst management strategies, calling for the
presence of a spare layer for future catalyst addition, followed by periodic replacement of a
fraction of the total catalyst charpge, and on knowledge of fixed operating and maintenance
cogts for SCR systems in the 115, and Germany FEnsrgy costa include the additional
horsepower required by the induced fan due to the pressure drop across the SCR system.

Experted SCR total costs for the indicated boilers are $800-1200/ton, Assuming lower
capacity factors or lower removal efficiencies would increase the upper end of the expected
cost range to near $1800/ton.

Nate that hecause these botlers already are controlled to RACT levels of 0.38-0.5
Ib/MMBtu, the SCR cost-effectiveness values are relatively high. On uncontrolled (*pre-
RACT"} dry bottom boilers, SOR costs should be in the rangs of $600-1400/ton.

On the indicated boilers, SCR would increase consumer electric rates by 2-4%.,
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Tabie A2, Details of Retrofit Cost Estimate for unit "F"
Capital Costy
Culalysb I2.420,000
Ammonia Storage 81,146,000
Ammonia Vaporization/Injeelicn F707,000
Electrieal System $5345,000
Contrals $406,000
Ductwork Reactor $1,370,080
Sootblowars $369,000
Struectural Steel $6158.000
Foundations $114,000
Insulation/Logging $1,143,000
ID Fan Modifications £1,149.000
Piping FE06, 000
Freight E40. 000
DPemolition S106,000
Start-up 330,000
Training F26,000
DS Modifications $115,000
Performance Testing $50,000
’ Subtotal $11,044,000
Contingency (20%) $2,208 B00
Suhtotal $14,25% 800
Escalation (4%/1.5 vre) 60 223
Indirests (15%) $2,088 303
Interest During Construction (9%) E704, 8945
Total 1997 Capital Cost $16,715.271
Total 1997 Capital Cost, H/EW $67
Levelized Annual Costs
Fixed Charpes un Capital(14%5) 82 840,138
Energy 153,000
Ammunta $263,000
Catalyst Rapiacament $305,000
Orperating Peraonnel $48,000
Maintenance cost $46,000
Ammonia Testing $J0,000)
Total Levelized Annual Cost, $ivr. 33,220,138
Total Levelized Annual Taat, millsk'Wh 2.13
Baaiu:
Facalation: T0.05%
TWIIR: 40 millzkWh
FCR: $250/ton
2 wemvros Selective Catalytic Reduction (SCR) Control of NO, Emizsions
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APPENIHX 2: Partial List of U.S. Applications of SCR

PLANT {11{2) SITE FUEL REDVUCTION START OF
3 () () (5) OPERATION
Utility Boilers
Low Anypeles Depurtment of Water and Power .
Haynes Station, Long Beach, California Unit 1 o230 MW NG 02 1994
Unit 2 230 MW NG 92 1994
Unit & 330 W NG 94 1993
Unit & A MW Mz 94 1997 (8]
Southern California Edizon
Redonda Reach, California Linit 7 484 MW W& BT 159494
: Unit & 480 AW Nix BY 1903
Southern California Edison
Alumites, Californiu Unit 3 320 MW NG o} th
Unit 4 320 MW MG o i
Unit § 450 MW NG a7 1904
Unit & 450 hTW NG &7 1903
Southern California Edizson
Ciroiand Deach, Tabifomals Thds l THATW MNi: ] 19494
Unit. 2 T30 MW Niz a3 1943
Houthern California Edison
El Sepunds, Colifvrmia Uit 3 350 MW NG i} (G}
TTuit 4 3585 bW NG G0 1964
Suuthern Californin Edison
Etiwanda, California Uit 3 320 MW NG A )]
) Unit 4 320 MW NG a0 (6)
Southern Celifornia Edison
Mandaiay, Califarnia Unie 1 230 MW MG 1996
Unit 2 230 MW Ntz PUSE
Pacific Gas & Electric
Pittsburg, Culifornia Unit 6 520 MW il 5]
Unit 6 325 MW wil 1654
San Diege Gas & Electric
Bouth Eay, Califarnia Unie 1 TAT MW Mixfoil H e
LUnit 2 147 MW MNi3nil (B
Orlande Utilties Comrmission
Stantan Unit 2 460 MY el 47 1986
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PLANT (1}(2} SIZE FUEL REDUCTION START OF
{3} id) (%) (5 OI'EHATION

LLE. Ganarating

Charbers Worls, Carneya Point, New Jersey < ZX140 MW coul &2 159494

3. Gcnerati.ﬁg

Keystone, New Jerzey 200 MW coal 63 1854

U.8. Generating

Indiantowm, ¥larida 320 KIW coal a7 1995

Sotthern Energy Inc.

King Gecrge County, Virginia 245 MW coal B3 14994

Publiz Service of Mew Hempshire

Marrimack Station, Bow, New Hampahire Unit 2 A3 aoal A5 19495

Indunetrial Botlers

Westinghouse Electric Corporation .

Sunmyrala, Califarnia 360,000 Thyhr Nz To 1889

(}perational Rnerpy E‘.amafatiun

Ontario, Califoraia 210,000 thhir NG 830 1994

Kal Kan

Yernon, California L BONO0 Thihr i BA 1usl
145,000 Th/hr 1933

TLewkhaad Adveanrad Navalopmant Carn.

Palmdale, Callfornfa 90 M B/ hr NG <8 pprvd 19483

TSR

Avon Refinery 178,000 1bfhr refinery pas o0 19493

Fhell 815,000 1b/hr 1994

Utramar 200,000 1b/hr 1994

Bauder Wuudwur]ﬂng 2EED

Cihin MMPtuhr wond waste a0 1964

Rafinery

California 17,100 sefm refinery gas 1994

Croclkott Peckage Beilery {3 wnits) 830,000 b/hr 199G

GFaylord Containey 352,000 Ibhr |t

Process Heoators

Texuny

Loz Angeles, Calitarnia 12,000 ectin NG 23 1330

- Rk O Dampangy

Torrance, California Mol 13,000 scfm NG %0 1900

Mabil Oil Comipany

Torruee, Culifurnia No.Z 18,000 scfm Mt a0 1840

LSITITUTE OF
fj [ ELE.’A.‘I'
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PLAMNT {1),(2) SIZE FUEL REDITCTION START OF
i3 {4 (%) (5) OPERATION

Mabi) Oil Covnpany
Torrance, California No.d 213,000 scfin . NG a7 195{
Fletcher (4] & Refining Company
Curaon, Califernia B850 acfm 83 1981
Ultramar Befining
Wilmington, California 84,304 ecfin 84 1993
Ashland Patrolen
3t. Paul, Minoesota 22,000 schn a0 19a3
Areo
Los Anpelas, California 51000 sefm s 8 o 1994
California Refinery Hydrogen Reformer BZ,.100 efen Hix B 1994
Pawerine Fired Heater ' 125,001 (h/hr 1994
&hell Delayed Coker (2 units) 112,000 [h/hr 1895
Zhell Hydragen Reformar 815,000 Th/hr 13895
Oxy Mar 330,000 I/hr " 1996
Exon Banicia 68,250 acfity ' Rix 10 ppm 1884
Ultramar, Ine. 22,500 anfim Rix 5 ppm 15686
Gan Turbines
Willamatts Induetriss
Cmard, California A MW NG a0 1586
Muotiareh Cogeneration
Taft, Culifornin & MW MG &b 1288
University Enerpy
Tatt, Caiitornia 37T MW NG a0 1986
Elrdan OMI Westinglumse
Raodeo, Californin 191 ROMNG/ diese] 48 1587
Pomona Cogeneration Partoers
Pomona, California 15 MW < § ppn 1087
ARCO :
Watsan, Califarnia a0 AW Mix 80 1387
Chevrron
Fl Begundao, California 37 MW NG &0 1588
Tndon Cardnide Liode
Wilmingtnn,_ Califarnia 21 MW Ni2 an 1988
American Enargy Systames
Placsrita, California 1 TA-S - NG a3 1888
Copen Tach.
Layanne, New Jersey 37 MW NG a0 - 1682
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PLANT (1},(2) SIZE FUEL REDUCTION | START OF
{3 (4} (%3 (3] OPERATION
{Cnpen Tach.
Bayonne, Mew Jersey aT Mw NG AN 1588
Cogen Tech.
Bayonne, New Jerouy 37 MW NG a0 158498
Cheyran
El Sepunda, Califprnia 37 MW NG oG 1988
Loz Angeles County Civic Canter
Lns Angeles, California 21 MW NG 78 1088
Lo Angeles County
Pilchess, Calilornia a1 MW Niz TS 1988
ARCO
Watenn, California 80 MW NG a0 19ga
Amercian Enargy Systama
Flacerita, California TA-8 WNEx Rz 1988
ARCO
Whatzon, California 80 MW NG 14 1988
ARCO
Watsan, Califarnia B0 MW NG o0 1988
Simpect. Paper Company/Ripan Cogenaration 33 MW 1983
Corona Cnpenaration 3 MW 1983
MNavy
California 37 MW Niz B 1984
Basic Arerican Foods 80 MW 1969
Mavy
California 21 MW NG 8o 1988
Froctor & Gamble
Onmard, Califarnia MW NG ] 1934
Mirsian Knermr
Harbor Cogeneration a0 MW 1589
Nawvy
California 33 MW NG a0 1589
NETPCO
Baketafield, California 21 MW NG 0 1959
LFC Power Systema Corporation
Yubu City, Cabifornin- 33 MW NG a5 1949
Shell Oit Company
Karn Rivar Cageneration 21 MW 1289
O'Brian {alifania Cogen for Stewart & Stevenron
Artesia, California 21 MW Niz 83 1088
P E——— Selective Catalytic Reduction (SUR) Condrol of NGO, Emisstons
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PLANT (1}(2) SIZE FUEL REDUCTION START OF
(3] {4) (%] (5) OPERATION

Texaco Ol Company
Mid-2et Cogeneration 37T MW 1484
Calping
Watsonville Copeneration . 21 MW 194340
Albrages/Pittefieid 37 MW 1680
Altraesa/Hittefietd 37 MW 1240
Altreeca/TPitiesield J7 MW pREETH
lee Haua [T
California 33 MW Nz a0 1580
Exxon
Sunle Yoez, Calilornia 37 MW NG o 19490
Richmond, ¥irginia B3 MW L g0 1900
Richmond, Virginia B3 MW HNG/eil &0 1960
Texcel _
California 21 MW W3 84 18490
Salinas, California 35 MW NG .65 18u0
Tannecn
Plaserita Canyon, California a1 MW NG 73 1880
Tennees
Flacerita Canyon, California 21 MW NG ™ 1980
Calping
Armewn Cngeneration 21 MW o4l
FPaplin, New .Jersey 37 MW Nz 68 1480
Parlin, New Jaraey a7 MW NG 6B 1890
[ROCAL Sefenoe & Techrology Center
Brea, Californin 4.0 MW < O ppin 19ad
UE. Porax
Mojave Cogeneration MW-251 1990
Ozxnard Incorpotated
HBithe Energies a3 AW 15480
MNewark, Nawr Jerrey a7 AW i) il 18480
Ooean State
Bucrillville, Rhede Islund B0 MW Mijuil T4 1840
Qcean State
Burriltville, Rhode [eland BO MW NOafatl pi| 1940
Pawrtuckst Tower Azrnciates ITMW 1991

-2 INSTTIVIE OF
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PLANT (1},(2} 5I7E FUEL REDUCTION | START OF
(3} (4} (%) (5) OPERATION
Clky of Anahetm
Anoleim, Californin 33 MW NG T8 1891
Mizsiow Enetyy
Coalinga Copensration AT MW 1991
Saguara/Mizsicn Enerpyr
Hendereon Cogeneration 3T ATW 19491
Sapguarc/Mission Energy
Henderson Cogeneration 37 MW 14951
Linden Cogeneration No. 1 ° 80 MW 1952
Linden Cogsneration Na. 2 A MW 1852
Linden Cogeneration Mo, 3 B MW 1853
Linden Copenaration Mo, 4 B MW 15992
Lindan Copaneration No. 5 20 MW 1992
Ocean Stata .
Bareillville, Bhode E=land a0 MW NG/l ™ ong
Ocenn State
Burrillville, Rhode Islond 80 MW NGl T2 1892
Imperial Irrigation District
Californin Hd MW 1942
Chevron
Richmond, Caiifarnia 47 MW NG o 1993
Chavron
Richmond, California 40 MW NG 40 1992
Encogen Northwcet 3T MW 1942
Encogen Northwest a7 MW 1992
Mareh Poltt Cogenembion Fucilities
Anacortes 3 Pia6541 1983
Misgion Energy
Sargent Canyon Cogeneration 37T MW 1992
Missinn Enecgy
Salinas Biver Cogsneraticn - T MW 1992
Zangar Coganeration
Dynamis Cogetieration MW-251 1993
Nezwall Camhined Crole Fooility PR AT 1582
Dagwell Cotnhined Cyele Faeility 141 MW hE: Ak
Deagwell Cornbined Cyele Fowility 141 MW 1982
Toswell Comkined Crele Faolity 141 MW tloa2
e Selective Cutalytic Reduction (SCR) Conérol of NO_Emissions
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PLANT (L),(2) SIZE FUEL REDUCTION | START QF
(h (4 (%) (5] OPERATION

Adeon Cogeneration 47 MW 15492
Fratt & Whitney Airoraft a1 MW I592
B.F Goodrich a0 MW 1992
Bartinouth Cogenerotivn 3T MW 1902
Southern Culifornio Gis Company
Esrn County, California 3.8 MY Mz = % ppm 1983
Southern California Gas Company
Eern County, California 3200w NG < B ppin 1983
Southern California Gas Company
Bern County, Colilornie 3.8 MW NG < 5 ppm JLiE:
Big Theee Industries 37T MW . 1993
Olean AT MW 1923
Lakewood A0 MW 1993
Ogdensburg 21 MW 1993
Ogdensburg 41 MW 1994
Lana Star
Encagen aT MW 1983
Lane Star
Encogen 37 MW 18632
Lone Star
Encogen AT MW 1992
U5, Geperubing Compaoy
Ea=t Syracuse, New York 9 MW NG < & ppm 1853
5. Cenerating Company
Fast Syraciisa, New York 30 MW MG < 9 ppiny 1893
LICLA,
Lea Angedea, Califorhio 13 MW 1993
UCLA
Log Anpalez, California 13 MW 1893
loa Angeles lepartmant of Water and Powar
Harbor 104 &0 MW 1943
Lo Angeleg Departient of Water and Power
Harbor 108 A0 MW 1943
Mazspower FT111EA 1803
Masapower FGTI11I0A 1843
Mohbil Ol
Heanmant, Texas FPGEa41B 1893
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PLANT (1),(2) SIZE FUEL REDUCTION START OF
(2 {1 {%] (3] OFERATION

Onondoga 21 MW 1844
Onendega 33 MW U
Cardonerills B4 MW 9%
Gordaonsiiile B4 MW 1983
Baranac 80 AW 1954
Saranar 8 MW 1894
MEPCC .
Vinland Epergy Factlity 42 MW 1994
Allegheny S 1984
Tenusks ) 30 MW 1094
Tenaska 30 MW 1994
L[restec Energy 32 MW 1994
Corinth Energy Center BC MW 1994
Olean Copeneration 38 MW : 1904
Anacortes JI 37T MW 19004
Amnacortes I 37 MW 1944
March Point Compeneration Facilitiea
Anacortes T, 2 Piz6541 19594
Match Polnt Cogenaration Facilities
Anorortes I, 2 POGG4L 1494
New York Power Authority
Haoltarille, Waw York 105 MW 14994
Helkirk Coganeration Facility B0 MW 1994
Halkdrk Coganaration Facsility B0 31w 19494
Hitha Energies US4, ne.
Independence BO MW 1594
Bithe Energies [ISA, Ine,
Independens: B0 MW 1594
Sithe Enerpies USA, Inc.
Indepandence I b 15994
Bithe Bnerpiea 1T5A, Tno_
Independenee B0 MW 1094
LG3&E Weatmoreland
Eenyaezlaer Cogeneration 52 MW 1994
WEPCO/Kimberly 43 MW 1594

A INSTIULMEE OF
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PLANT {1}({2) SIZE FUEL REDUCTION | START OF
(3} (4} (%3 {5 OPERATION

Onapdogn LMW 1993
Ooondoga 32 MW 1983
Gordonsville 84 MW 1883
Gordonaville B4 MW 1843
Saranac 80 MW 1964
Saranac 80 MW 1994
NEPCO
Vinland Enerpy Faeiligy 42 MW 1994
Allagrhmnyy MW 1994
Tenaska ’ BD MW 1994
Tenaska 80 MW 1994
Naates Enargy LA 1994
Corinth Enerpy Canter B0 MW 19494
Olean Cogeneration a8 MW : 1994
Anacortes 11 AT MW 1494
Anacottes 11 37T MW 10494
March Point Cogeneration Faoilities
Anacortes 1, 2 PGES41 1964
March Point Cogeneration Facilitiey
Anacortes 1, 2 PGHES41 1994
Mevw ¥ork Power Anthovity
Holteville, New York 105 MW 1984
Bollkdrk Cogencration Facility 50 MW 1894
Bolkirk Cogeneration Feedlity 80 MW 1394
Bithe Encrgies TT8A, Ine.
Independence 80 MW 1994
Sithe Energies T34, Inc.
Indapendanca 80 MW 1994
Hithe Enargies USA, Ine.
Indcpendercs B0 bW 1994
Bithe Energies T34, Toe.
Independence A0 W AL
L& E, Westmoraland
Hanseaiasr Cogenaration 52 MW 1694
WERCO/Rimherly 45 MW 1994

IMNITITUTE OF
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PLANT (1),(2) SIZE FUEL REDUCTION [ START OF
3 {4} (%3 (B} OPERATION

Crockett Cogenavation BO MW 1805
Ariscal-Myara Soibh 33,800 sefin Mixkearorane 13 ppn 15495
City of Redding HNG-LPG
Bedding, Califernin 25 MW backup 9 ppin 1995
City of Redding NG-LEG
Redding, Califernia 25 MW backup 9 ppm 1995
Clity of Hedding NG-LPG
Redding, California 26 MW backup 9 ppm 1883
EEA] &0 bW 18835
EEAII &0 AW 1885
ERAIN 80 MW 1895
Corson Energy
Ice Gen. MNo. 1 41 MW 1985
Carscn Enerpy
[ze Gan. Wa. 2 [zimpla cyata) 41 MW 1995
Moil ’
San Ardo Salar 1995
Brooklyn Navy Yard 105 MW 1995
Brooklyn Navy Yard 105 MW AL
Andersen Lithograph Solar 1935
Naval Petroleum 21 MW 1585
Maval Petroleum 21 MW 1585
Wew England Power
Manchester, New Hampahira 106 MW 1940
New England Powser
Glancheatar, New [Tampshire 105 MW 1985
Mew ngland Power
Magchester, New Huznpshine 105 MW 1885
Willumette Industries
Albany LTl 62 MW NG ] 1994
L& Fower
Cottage Grove 116 MW 1986
Hermiston Cogeneiation A0 MW 1986
Hermiston Cogoncration, 20 MW 1846
Clagburne 119 MW 1984

7 oo
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PLANT {1),(2) SIZE FUEL REDUCTION | START OF
(3} (4] (%) (&) OPERATION
Shel]
Martinez, California 37 MW Ioag
Sheli
Martinss, Oalifornia 37 MW 1984
Hacramenta Manicipal Thility District 41 MW 1994
Sacrarnento Municipal Utility District 41 MW 1994
Dlue Mountain Cogen 119 MW 109494
Iows Electrice 31 MW 1934
L3 Fower
Whitewater L19 MW 19496
| University of California
San Franeisco, California 4.5 MW NGfdiescl o2 1544
Ooean State Power (4 uuta) A0 MW 1996-1997
TTE North American Cheguond 13 MW 1997
Chesapealss Papey
Vogt 37 MW 1997
Cogrentriz NGl B 1997
Reciproeating Engines
Citizen Utilitiea Co.
Kauai, Hawaii 7.8 MW diaeal 1891
Matural Gas Pipalins Compressor Station
SBoutharn Caiffarnia FERBM Acfin HNix < 30 pp 1053
Villags of Rockyille Conter
Long Ieland, Mew York 8710 hp D dieael B 19495
Plymouth State Cogeneration
New Hampszhire 1801 hp #6 fuel oil 95 1983
LS. Water Treabment Plant 2E1100 hp dhiene] L2l 1944
.| Puarta Rira Cogeneration Plant SE1ABL kW diesel 2171 1994
Philadelphia Water Department
Southrwes Philadelphia 102 L 160 hp diezel a0 1949
Fhiladelphia Water Dapartment
Northeast Philadelphia T4 hp dessl 20 1503
Pfizar, Ine. 4@ TI54 kKW #2 diesecl 90 1887
HNitric Acid Plants
Firat Chemiral Corp, '
Paseapoulla, Miesigajppi 220 tonsfdoy =80 18491
7 S —— Selective Catalytic Reduction (SCR) Control of NO, Emissions
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PLANT (1),(2} S1ZE FUEL REDUCTION START OF
(3 {4} (%) (5) OPERATION
E.L DuFont da Nemoure
COrange, Texas 50D tona/day =75 1985
E.L DuPont de Natmours
Vietoria, Tegas
Arcodian Fertilizer
Limna, Ohic 240 tons/day =40 1892
Radford Munitions 20,000 Ihfw 18985
Farmland Industriss
Fort Dodge, Kansan 476 tong/day 08 109%
CTF Industries
Dopaldaosnville, Lowisioge 870 tonsidar ~HT 1947
Apache Milmogen Products 13,0040 acfin a7 1994
Steel Mill Annealing Furnaces
Drraver/Bethlehem Steel
Gatrr [[arhor, Indiana 200,000 1b/hr N 40 1562
Dreever/National Steed
Gheanite City, Dlinois ' 140,000 [bihr NG 50 1955
DreverfAK Steesl
Rockport, lndiana 280,004 Th/hr NG BS 1934
LLE.5-POSCO Induzgtrias
Pitteburg, Califurnia 22,0001 2afm a0+ 1683
Stami Mill Electric Are Furnace
Beta Stesl 85,980 scefm 86 19986
mn All units listed are commercial installations, including units in the design und loslellation phases, Plants listed mors than
omnce have multiple SCER systetms,
(2 Ploaty oy not be named for reaszona of confidentiality.
(3 [Inits of size refer to electrical output if MW, engine cutput if hp, steam production if Ibthr, heat tnpat if MMEBtuhr or flue
gan flaw it aotm,
] NG, natural gas; RiF, refinery gas; DT, dual firel.
()] MO, redustion vuhues are design valuey, and do not represent the limit of the technolagy Whare a ppm valuae is shown, Lhis
Taprezents a design emiseion limik,
(3] Contract awarded, hut instatlation dalayed.

" Belective C’amiyﬂ'é Re&m |

Page 34



