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The IAPCS model, developed by U.S. EPA’s Air and Energy Engineering Research Laboratory and made available to the public
through the National Technical Information Service, can be used by utitity companies, architecturai and engineering companies, and
regulatory agencies at all levels of government to evaluate commercially available technologies for control of S0, NO,, and
particulate matter emissions from coal-fired utility boilers with respect to performance and cost. The model is considered to be a
usefu! tool to compare alternative control strategies to be used by utilities to comply with the requirements of the CAA, and to evaluate
the sensitivity of control costs with respect to many of the significant variables affecting costs.

To illustrate the use of the model for site-specific studies, the authors used the model to estimate control costs for SO, and NO,
control at Detroit Edison’s Monroe plant and two hypothetical plants under consideration and at three plants operated by New York
State Electric and Gas Corporation. The economic and technical assumptions used to drive the model were those proposed by the
utilities if cited, and if not cited, the model default values were used. The economic format and methodologies for costs cited in the
Electric Power Research institute’s Technical Assessment Guide are used in the IAPCS model. Depending on the specific conditions
and assumptions for the cases evaluated, SO, contrel costs ranged from $417 to $3,159 per ton of SO, removed, and NO, control

costs ranged from $461 to $3,537 per ton of NO, removed or reduced.

The Integrated Air Pollution Control System (JAPCS)' com-
puter model was developed for the U.S. Environmental Protection
Agency’s (EPA) Air and Energy Engincering Research Labora-
tory for analyzing air emission control systems applied to coal-
fired utility boilers. The original version of IAPCS, developed
about a decade ago, was an internal EPA mainframe model.
Version I of the IAPCS, designed for an IBM-compatible per-
sonal computer, was published in September 1986.2 Version II
contained the essence of the Shawnee Flue Gas Desuolfurization
Computer Model,3 a mainframe model developed by the Tennes-
see Valley Authority for EPA. Numerous upgrades and additions
have been made to the model. The latest version, IAPCS 4.0, was
used in a National Acid Precipitation Assessment Program study
that estimated the costs of flue gas desulfurization (FGD} systemns

Rweam!l Gratoty can be used by mlhty comy ulatory
agenciestoévlisate commercially avaliable technologies for cantrot of SO,

NOx and particulate matter emissions from coal-fired otifity bollers with
respect fo performance and cost. Although the modet is not referded teinthe
Clean Air Act (CAA) or endorsed by the EPA, it is considered o be 2 useful

tool to compare alternative conirol strategies to be used by ufilities 0.
cumply with the reqmrements of the CAA.

applied to 200 U.S. atility plants.# IAPCS 5.0, currently under
development, is expected to be published in 1994.

This article focuses on the model’s usefulnress to utility com-
panies evalvating pollution control options on utility boilers. In
addition, utility companies could use the model for developing
regulatory compliance strategies and sensitivity studies, and pro-
jecting future costs for planning purposes. Several other groups
may find the TAPCS model useful as well. Federal and state
legislators and regulators could wse the model to estimate the
economic, environmental, and energy impacts of different regula-
tory options. Architectural/engineering firms who design FGD
systems, nitrogen oxide (NO,) control systems, or particulate
matter {PM) emission controls could use the model to prepare
preliminary budget estimates for prospective clients as well as
preliminary control system design. Public wtility commissions
could use the model for evaluating alternatives for pollution
control in power production and, therefore, as a factorin determin-
ing electricity rates,

Federal and state regulations require utility boilers to meet
limits on sulfur dioxide (80,) and NO, emissions. Title I'V of the
Clean Air Act Amendments (CAAA) of 1990 targeted a 10 million
ton! reduction of total utility boiler 80, emissions by the year
2000 from their 1980 emission levels. This goal is to be met
through a two-phase strategy: Phase [ requires 110 utility plants o
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reduce SO, cmissions by 1995, and Phase Il requires all utility
boilers that serve generating units greater than 25 MW to reduce
$0, emissions by the year 2000. In addition, the CAAA requires
that EPA set limits on NO, emissions for Phase [ by May 1992
and Phase Il by the year 1997. (The-deadline for Phase [ was
extended; regulations were promulgated on March 22, 1994.)
The variety of $O; and NO, reduction technologies available,
coupled with the options of emissions allowance (1 allowance =
1 ton 8O, emitted) banking and trading, makes choosing the most
economical control methods a diffscult decision for many utitities.
The JAPCS model facilitates this decision-making process for
utilities that burn coal. This article discusses the model’s capabili-
ties in providing cost and performance estimates for control
technologies applied to “real-world” utility boilers.

To meet emission limits, utilities must consider one or more of
the following options;

1. Switching to a less-polluting fuel (e.g., ower-sulfur coal or

natural gas}.

2. Implementing combustion modifications to inhibit pollution

formation.

3. Installing post- and in-situ-combustion controls to remove
pollutants from er prevent the formation of pollutants in flue
gas.

. Buying or trading emission allowances.
. Practicing demand side management (DSM), or implement-
ing renewable energy technologies.

[

The IAPCS model can assist utility companies in scrting out
the economics of these options by providing cost and performance
estimates for 15 §0,, NO,, and PM control technologies. In
addition, ITAPCS estimates the cost effectiveness (i.e., cost perton
of pollutant removed), which should help utilities make decisions
on buying and trading allowances. IAPCS does not assist in
evaluating DSM or renewable energy technologies.

Between 1989 and 1991, the IAPCS model was used by EPA
and the National Park Service to conduct economic analyses
intended to assess the cost to society for potential improvement of
the visibility at the Grand Canyon National Park. Reduced visibil-
ity at the National Park was attributed to SO, emissions from three
750 MW coal-fired boilers at the Navajo Generation Station
(NGS). Because each of the control options considered for the
NGS represented an annualized cost exceeding $100 million, &
Navajo retrofit was considered to be a major regulatory action,
necessitating a Regulatory Impact Analysis under Executive
Order 12291. The JAPCS model was used as an analytical tool to
estimate the costs of SO, control at 70, 80, and 90 percent control
using wet FGD, lime spray drying, and dry sorbent injection at the
NGS.

This articie discusses the use of the IAPCS model to evaluate
pollution control options for Detroit Edison (DE) and New York
State Electric and Gas Corporation (NYSEG). Each utility pro-
vided coal and design specifications for three of their existing or
proposed generating units that are subject to regulation, and cited
the particular control technologies to be evaluated by the IAPCS
model. Since each utility specified its own design and economic
assumptions, there is no common basis for comparison between
them, and the designs are not purported to be optimurn.

Description of the Integrated Air Pollution Control
System Maodel

The TAPCS model is an interactive compuier program that
evaluates 15 50O,, NO,, and PM pollution control technologies for
atility boilers. Version 4.0 is the current published version of the
model;! Version 5.0 is under development. A developmental
version of the model was used to produce the results shown herein,

and are thus still subject to review and modification. Data input to
the model reside in a parameter file Containing values that the user
can either accept or change. The default values in the input
parameter file were chosen to reflect typical or average values,
The parameter file includes boiler size and characteristics, coal
composition, pollution control system design criteria, and eco-
nomic assumptions. The user can choose one control system or
several systems operating in an integrated fashion. If several
systems are chosen, JAPCS will integrate the effects of each
system into the material and energy balances and overall costs.

The results produced by the model are:

1. Summary of the boiler characteristics, coal composition,

econeinic assumptions, and control system(s) chosen.

2. Description of the control system{s) design specifications,

including values calculated by IAPCS;

Material and energy balance.

Controlled and uncontrolled emission summary,

. Capital and operation and maintenance (Q&M) costs sem-
mary using the Electric Power Research Institute’s format
presented in the Technical Assessment Guide.S and

6. The first year and levelized annual revenue requirements

(LARR) and levelized cost per tor of pollutant removed.

v

The IAPCS model provides cost and performance estimates for
the following 15 technologies:

Precombustion Controls: 1. Coal supply options (physical
coal cleaning, coal switching/blending).

In-Situ Technologies: 2. Low NO, combustion; 3. Limestone
injection multi-stage burner (furnace sorbent injection) and the
advanced silicate process (ADVACATE}; 4. Natural gas reburiting;
5. Integrated gasification combined eycle; 6. Pressurized fluidized
bed combustion; 7. Pulverized coal-burning boiler (new powerplant
costs); 8. Atmospheric fluidized bed combustion.

Postcombustion Technologies: 9. Lime spray drying; 10. Duct
sorbent injection; 11. Gas conditioning; 12. Electrostatic precipi-
tator; 13. Fabric filter; 14. Wet flue gas desulfurization; 15.
Selective catalytic reduction.

The model is expected to produce cost estirnates that are within
30 percent of the actual cost. A study conducted in 1990%indicated
that for four of six real uvtility FGD systems studied, the IAPCS
estimated cost was within four percent of the actual reported costs
and the fifth system was within 21 percent, while the sixth system
was 140 percent high due to abnormalities in the utility’s cost
estimates.

Generating Units, Coals, and Technologies Evaluated
for the Two Utilities

Detroit Edison provided specifications for their Monroe plant
and for two hypothetical new units (unspecified DE Units No. 2
and 3) that are under consideration for possible future construc-
tion. The NYSEG Corporation provided specifications for Milliken
Units No. | and 2 and for Greenidge Unit No. 4. Specifications for
these units are summarized in Table L

Detroit Edison’s Monroe plant is located in an area of Michi-
gan designated as nonattainment for ozone and subject to regula-
tion by the Michigan Department of Natural Resources (MDNR)
as part of Michigan's State Implementation Plan. The plant is
currently under consent order with the MDNR to meet an SO,
limit of 1.6 1b/10¢ Biu. Because the Monroe plant is a Phase 11
unit, it must meet an average annual SO, emission tonnage limit
by the year 2000 or obtain allowances 1o permit emissions above
that limit. Monroe is not currently required to reduce NO, emis-

L
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sions, but will have to meet the CAAA limils set for Phase i dry
bottom, cell-wall-fired units in the year 2000, Monroe’s NO, limit
may also be affected by the CAAA Tille I ozone nonattainment
NO, requirements. The two hypothetical new DE units must meet
New Source Performance Standards (NSPS) for both 80, and
NO,.

The three existing NY SEG units are located in New York State
under the jurisdiction of the New York Department of Environ-
mental Conservation (NYDEC). At the time of the writing of this
article, the plants were under review by the NYDEC for possible
regulation, but no state requirements had yet been set. The plants
are Phase I units that must meet the CAAA SO, emission limit of
2.5 1b/10% Btu by 1995, unless granted an extension. In the year
2000, the urits must meet the Phase Il SO, tonnage limit.

Coal characteristics for economic analyses were provided by
the utilities and are presented in Table II. Detroit Edison requested
that control costs be estimated using different types of cozl for
their existing plant and their proposed new plants. These coals
included a high-sulfureastern (HSE} coal, a coal blend consisting
of 530 percent mid-sulfur eastern coal and 50 percent low-sulfur
western (LSW) coal. Detroit Edison has been increasing its use of
LSW coal gver the past 18 years.

The NY SEG Corporation requested that costs be evaluated for
high- and low-sulfur coal. The specifications of the low-sulfur
coal are not based on a specific coal. The low-sulfur coal price for
NYSEG was based on the projected escalation of low sulfur coal
costs over the next 25 years. The proposed coal compositions and
costs for NYSEG are also presented in Table 11

Sulfur Dioxide Control Systems

Many different types of FGI} systems have been developed
and are in varying stages of commercial development. The main
abjectives of an FGD system are high 50, removal, high reliabil-
ity, and low cost. Wet lime and limestone FGD systems are the

Table I. Generating units, coal types, and technelogies evaluated.2

Detroit Edison

New York State Electric and Gas Corp.

Table I1. Coal characteristics.a

Detroit Edison New York Siate

Electric .Corp.

Goal

Goal Blend  LSW HSE . LS
HHV (Btu/Ik} 12,500 11,050 9,300 12,600 13,000
Sulfur (%) 80 09 0.4 29 0.9
Ash (%) g8 49 3.9 1.0 110
Moisture (%) =~ 59 15.0 24.2 50 5.0
Volatiles (%) 340 35.0 36.0 36.0 36.0
Fixed Carbon (%) ﬁﬁ?ﬁ 45.1 35.9 480  48.0
Gost ($fl0n)h o 1] 26 b8 20,75 48.13 BAh.78
Cost ($/10°BW) .. . 124  1.20 112 191 253

a Key: HSE = high-sulfur eastern; LSW = low-suliar wéstern;
LS = low suilfur; HHV = higher heating value.

b Costs are in .1 992 dollars for Detroit Edison and 1995 doifars
for NYSEG.

oldest and most used systems in the United States and Europe.
These systems can achieve 95 percent or greater SO, removal, and
are reliabie. However, their capital and operating costs are higher
than for some other controls.

Much research and development effort has gone into designing
lower cost systems. A promising new technology called the
ADVACATE process is expected to achieve 90 percent 50,
removal at a much lower cost than wet lime or limestone FGD.
Although not yet commercially demonstrated, the process is now
offered commercially by a major process supplier. The process
consists of reacting lime, flyash, and water at about 90°C to
praduce a calcium silicate sorbent with very high surface area and
absorptive capacity for 8O,. This moist
sorbent (containing up to 40 percent
moisture) has the properties of a dry
sand and disperses easily in the flue gas

Hunme DE Unit - Milllken

by simply dropping it into the flue gas

Mililken ~ Greonidie. duct upstream of the PM control de-

No.2 UnitNo.1 UnitNo.2 Ualt-No: 4 ioe, whero it absorbs SO and loges i

UnitSize (MW) 750 600 300 157 161 108~ Moistore by cvaporation. The diy speat

- sorbent containing calciom sulfite/sul-

Boiler Firing Method ~ Cell  Wall ‘Wil - Tangential Tangential Tangential  fate and flyashis then removed by the
wall FM control device.

Both utilities requested evaluation

Bottem Type Dry Dry Dry Dry Dy of wet lime or limestone FGD for their

—— - b urits, and specified the basis for the

Existing or New ‘Existing  New Existing Existing  Exisfitig -  evaluation or used defauit values in the

: - —— s model. In addition, DE requested evalu-

Capacity Factor (%) 739 739 :85.0 83.0 EL ation of ADVACATE for the existing

; b e DE unit. The NYSEG Corporation re-

Coal Types HSE & LW P HSE & HSE & HSE: quested that one FGD system be ap-

CB & v 18 Ls plied to the two Milliken units. The

. . - . specifications for the FGD systems

SO.Technologies  WetFGD WetFGD WHEFAD- = WetFGD  Wet FGD e in Toblo 111, ystems are

-Evaluated o EE Loal Switch Coal Switch In the wet FGD process, lime or

o iy T limestone slurry is circulated in spray

NO, Technologies ’S-gg SG& LNC LNE towers located downstream of the PM

control device where it contacts the

*Key: DE = Detroit Edison; HSE = high sulfgr eastern; OB = coal blend;
low sulfur; FGD = flue gas desulfurization;

LSW=
LNC =

tow sulfur western; LS =
low NO, combustson SCR selectwe catalytic raductlon

bNA not appllcabla

flue gas stream and absorbs SO,. Chemi-
cal additives can be used toimprove the
SO, absorption capucity of the slurry.
Detroit Edison and NYSEG anlicipale
using adipic acid and formic acid, re-
speclively. for §O. absorption enhance-
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ment. The IAPCS model has provisions for estimating costs only 1. Low NO, combustion (I.NC)

with the optional adipic acid additive but, because the cost of either 2. Selective catalytic reduction {SCR})

additive is a relatively small portion of operating costs {< 5 per- 3. Selective noncatalytic reduction (SNCR)

cent), it was assomed that adipic acid costs could be substituted for

formnic acid costs for the NYSEG estimates. For both utilities’ The combustion process associated with LNC is modified to
systems, the option of bubbling compressed air through the efflu- | suppress the formation of NO,. Low NO, combustion can be

ent to oxidize the caicium sulfite to gypsum was assumed. This | effected by replacing the conventional burners with low NO,
process, referred to as forced oxidation, allows better dewatering | burners alone or in conjunction with overfire air ports installed
of the waste and with additional processing, makes it salable for | abovethe existing air ports. Low NO, combustion may achieve up
use in wallboard manufacture. Evén if it is not sold for wallboard | to approximately 60 percentreduction of NO, emissions, depend-
manufacture, the jower water content makes the waste more | ing on site-specific conditions.
mechanically stable, and thus may be more suitable for landfill. In an SCR system, ammonia is injected into the flue gas duct
The simplest option available to utilities for the reduction of | and then the flue gas is passed over a catalyst in a reactor vessel.
80, emissions is to switch to lower-sulfur fuels. This option was | The NO, in the flue gas reacts with the ammonia and is reduced to
considered by both DE and NYSEG. Both utilities provided the | nonpolluting elemental nitrogen. Selective catalytic reduction
specifications for a lower-sulfur coal than the base coal. sysiems are either hot- or cold-side systems and either high- or
Switching to a lower-sulfur coal can require modifications to | low-dust, depending on where thereactor vessels are located in the
be made o the coal handling system, pulverizers, electrostatic | flue gas stream. In hot-side, high-dust systems, the reactor vessels
precipitators, and boeiler. The NYSEG Corporation provided the | are upsiream of the PM control device, between the economizer
capital cost estimates they had calculated for switching Milliken | and the air heater. In hot-side, low-dust systems, the reactor
Units No. 1 and 2 to low-sulfur coal. Detroit Edison has already | vessels are downstream of a high temperature electrostatic pre-
begun switching its Monroe plant to alower-sulfur coal blend. The | cipitator, between the economizer and air heater. In cold-side,
IAPCS model was used to calculate the base coal operating costs low-dust systemns, the reactor vessels are downstream of the air
and the low-sulfur coal operating costs for NYSEG. The incre- | heater, PM control device, and FGD system if the unit has one.
mental cost of burning the low sulfurcoal was levelized and added | SCR can achieve over 90 percent reduction of NO,, but is usually
to the levelized capital cost of boiler and pulverizer modifications | designed for 80 percent reduction.

to arrive at the LARR for coal switching at NYSEG. SNCR is similar to SCR with injection of ammonia or urea into
the flue gas where the temperature is. appropriate { 1600-1900°F).
Nitrogen Oxides Controi Systems The reaction between the ammonia and NO, takes place at a higher

Less options are available for NO, control than for SO, control

. A A Table IV. NO_control system specifications.?
in the model. The three main options are: * y P

Detratt Edisori New York

Tahll.z I .S.u]fur dioxide control system sPt.e.u.’.:ifji.:i.a.tions.“ State Electric
New York and Gas Corp.
State Eleciri
a‘n= Gasecor;. SCR - LNG
. : . (All Units) - (All Units)
i Monroe: DE Unil Milllken : L
Ne.3 No.1&MNo.2 System Type Cold-side =5 LNCFS |
User Inpus: NO, Removal (%) 80 25
Size (MW) 750 300 318 (combined) Retrofit Factor 14 1.0
Retrofit Factor (FGDY 1.4 10 - 10 1.4 Pressure Dm-’i (in. Hzﬂ) 7.00 20
Wet FGD Sorbent Lime l_imestone _Limegione  Limestane g B
o . g2l 3 “NAd NA
WetFGD Additve  Adipic  Adipic . ‘Adigic  Formic Catalyst Lifg (years) NA
Acid Acld. Agid Acid Stoichiometric Ratio 0.g2¢ NA NA
Steichlometric Ratlo  1.15 145 5y 495 1.04 {NH_NO,)
Forced Oxidation Yes Yes' Yes Ammonia Slipe (%) 1.99 NA NA
Scrubber Type Spray Spray Spray Ty i . .
Tower . Tower Tower Ammonia Silp_e (ppm) 4.4-51f NA _ NA
No. nf szhber 2 Operafing - Eﬂpsré i ting 1 Qpérating ey SCR = selective catalytic reduction;
: 1Spare: - DSpare combustionpl NB+OFA = low NO_biirners:an
Waste msposar 50,  Off-site " Biveite ENCFS:1= Low NO. Goncentric Firing: Sy
Removal (%) 9 9 PAPGS caloulated values.
1AP(S Caleulated Values: *LNG is:a retrofit tachnology. IAPGS includes retrofit cqsts inits
Flue'Gas Flow Rate (acfm)2,562 810 estimates.
L/G. Rati¢ (gal/1000 acfm}108.4 ;= 98.0 “NA = not applicable,
Pressure Drop (in. H20) 7.0 Bl e 5»‘1 6.8 *alue preséfited for ammonia slip is to be.éxpected only when
Scrubber Dutlet Temp {°FH130 137 . 13?' 182 the catalyst i$-spent. With new catafyst, ammonia. slip is much
- T lower than valoes presented.
Key: DE = Detroit Edison; FAD = flus gas deaulfuﬂzaﬁqn ;
IAPGS = Integrated Air Pollution Contral Systens: 'Range results from the range of uncontrofled NO_emissions
L/G = liquid-to-gas ratia. from different coals,
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temperature, without the use of a catalyst. SNCR can achieve up
te 70 percent NO, control, albeit with high levels of unreacted
ammonia, but is usually designed for 50 percent NO, reduction.

The current version of the TAPCS model will estimate costs for
hot-side high-dust and cold-side low-dust SCR. The model does
not currently provide estimates for SNCR; however, this option is
planned for inclusion in the next version of IAPCS, Costestimates
for LNCin this paper are based on algorithms to be used in LAPCS
version 3.0. These costs are significantly higher than those that
would result from use of IAPCS version 4.0 (current published
version), since version 5.0 is based on more recent information for
burner retrofits.

Specifications for the NO, control systems evaluated for the
two utilities are provided in Fable IV. Detroit Edison requested
estimates for SCR and LNC applied to their existing Monroe plant
and LNC for the new units. The DE Monroe unit has cell bumers.
The LNC system evaluated for DE uses both low NGO, burners and

Fable V. Economic factors and cost rates.?

—wDetroit Edison did notprovide the
- charge-factor and O&M levelization facto
of these values.

“Calcidated by IAPCS.
“NA = not applicable.

overfire air (LNB + OFA) to achieve 51 percent NO, conirol.
However, IAPCS does not distinguish this firing type from circu-
1ar wall-fired burners when evaluating LNC, but it was used foran
evaluation recognizing that costs and projected NO, removal
might not be achievable.

New York State Electric and Gas requested estimates for LNC
applied to all three of their units, The system evaluated for
NYSEG's tangentially fired boilers is referred to as Low NQ,
Concentric Firing System I (LNCFS I). This system uses overfire
air to achieve 25 percent NO, control, More advanced systems of
LNCFS (LNCFS II, LNCFS II) may achieve up to approximately
60 perceni control. o

The econemic assumptions -and cost rates for consumable
items are provided in Table V. The IAPCS model will calculate
carrying charge and levelization factors based on other inputs or
the user can specify these factors. The model will escalate or
deescalate costs to different year dollars based on either inflation
or Chemical Engineering cost indices. Costs can be calculated in
current or constant {zero inflation rate assumed) dollars.

Results
Using input supplied by the two utilities and model default
values where no input was supplied, the IAPCS model was used

Table V1. Wet flue gas desulfurization capital costs for Detroit Edison’s
Monroe plant burning high-sulfur Easterr coal.

L8280
0

9,076
75,502
7,554
7,554
ticy (32% of DC) 24,206
ess Catingency {1:2% of DC) o3
TAL PLANT-COST 115,787
FUND 5,167
120,954
0

4,801
3,442

0

7

1,511
130,715
174.3

Demolition
TOTAL CAPITAL REQUIREMENT
TOTAL CAPITAL REQUIREMENT ($/kW)
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o cenerate cost and performance estimates for the conditions
sln.:ci fied. The output from IAPCS includes a breakdown of direct
process arca capital costs, indireet capital costs, operation and
maintenance (O&M) costs, and total annual first year and LARR
costs. The direct and indirect costs are shown for DE's 750 MW
unit with HSE coal in Table VI and the Q&M costs for this unit are
shown in Table VIL.

Cost estimates provided in this section include the cost of
electricity used by the control system. However, the replacement
cost of that power is not included. This replacement power may be
bought from another utility at a higher cost rate than it costs DE
or NYSEG to produce. If DEor NYSEGhad to build apower plant
io supply the replacement power, part of the cost of that new
power plant could be assigned to supplying replacement power

Table VIE. Wet flue gas desulfurization operation and maintenance costs
for Detroit Edison’s Monroe unit burning high-sulfur eastern coal.?

Annual Usage Rate - -Annual Cast*
or Basis - (1,000 $r)
Fixed 0&M Costs
Operating Labor 65,200 $32.76 $2,136
(fabor hrs) _
Analysis Labor 6,110 $32.76 7 :$200
(labor hrs) R
Maintenance Labor ~ 1.51% of TPC - “NAg: - $1,746
Maintenance Materiais. 2.26% of TPG - = -~ =N -$2,619
Admin. & Support  30% of &M Labor N
Labor : $1,225
Total Fixed O&M | $7,926
$3,482
| $477
Water (1,000 _a})? ' 256, $154
Electricity (kW) - 87,800,000 $4,074
Lime (tons) 118,000 $7,080
Total Variable O&M Gosts $15,267
Total 1st Year O&M Costs $23,193

Levelized Annual Gosts,

Total Levelized O&M Costs
{Levelization Factor ='1.69)

Annual Capital Charge-
{Capital Charge Factor

Levelized Ahntal Revenue Requiremems
Levelized Annual Revéfie Requirements

(mills/AWh) 12;'?"';' :
Levelized Gost Per Ton.of SO, Removed
($/ton) $563"

TPC totai plant costs

bIn thousands of dollars, éxcept where noted: AJ! tosts are in 1992
doltars.

“NA = not applicable.
“Estimate does not include repfacement electricity costs.
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for the control systems. The effect of bonus allowances also was
not censidered in the cost estimates.

Some of the imany possible SO, control altesnatives for the two
companies are compared in Table VIII without the individual
details shown in Tables VI and V11 for FGD. For comparisen of
thedifferent SO, control systems with the different coals, Table VIII
shows direct costs, indirect costs, O&M costs, LARR, uncon-
trolled and controlled emissions, total annual costs on amills/kWh
basis, and cost per ton of SO, removed. This table shows that for
DE’s three units, total levelized costs for wet FGD range from
6.6 to 12.7 mills/kWh. The range in costs is attributable to differ-
ent unit sizes, retrofit difficulty for the existing unit, the difference
in sulfur content of the coals, and the different remaoval efficien-
cies for the new and existing units, The ADVACATE process.
offers a much lower cost on the Monroe unit at 4.0 mills/kWh.

Detroit Edison’s existing Monroe plant must meet SO, limits
of 1.6 1b/108 Btu set by consent order from the MDNR and an
annual tonnage fimit by the year 2000 set by the CAAA. The
1.6 1b/104 Btu emission rate can be met by burning the coal blend,
which yields an uncontrolled emission rate of 1.55 1b/106 Btu. The
Monroe unit has in fact been converted to burning the coal blend.
Modifications to the coal mills and boiler to fire the coal blend
have cost an estimated $16.4 million. This cost has been offset by
the lower cost of the coal blend. The coal cost sitvation at DE is
very unusual in that the cost of lower sulfur coal blend is cheaper
than the high salfur coal in terms of $/106 Btu. Thus, there is no
logical tradeoff of FGD with HSE coal versus coal switching to a
lower sulfur coal.

Wet FGD at 98 percent controf and ADVACATE at 90 percent
control result in controlled SO, emissions lower than the regula-
tory requirement, although ADVACATE is not a commercially
demonstrated process at present. By achieving more control than
the regulations require, the utility would have the eption of selling
or banking the S0, allowances created by removing more SO,
than is required. Knowing the cost per ton of SO, removed helps
utilities make the most economical choice for control efficiency.
Utilities want to achieve the highest efficiency on units where the
cost per ton of pollutant removed is Jowest, and use the extra tons
of SO, removed (allowances) to offset emissions at units where
the control cost is higher. Alternatively, these extra tons of 5O,
removed {allowances) could be sold to other utilities, under the
provisions of the 1990 CAAA.

Detroit Edison would use LSW coal in the new 300 MW and
600 MW units they are considering in future expansion plans.
These units would be subject to federal NSPS and the Michigan
SIP, thus requiring at feast 70 percent SO, removal depending on
the controlled emission rate. Such new units would not receive
S0, allowances.

0.0005 ms,fs:.::: |
1,085 joulss.
= 0.0003 kWh
= 293.1kW
= 0.0283m°
= 3.7854 literg: -+
= 254cm
e 045%kg
= 0.9072 metric ton
1.8°C + 32




For NYSEG’s units, wet FGD cosis less than switching to the
lower-sulfur coal, while at DE’s Monroc Unit the reverse is true.
For Milliken Units No. T and 2, Table VIII shows 2 LARR of
8.5 mills/kWh for wet FGD versus 9.6 mills/kWh for coal switch-
ing. The NYSEG Corporation estimates that $10 million would be
required to modify the two units to allow them to burn the low-
sulfur coal. This capital cost associated with botler modifications
for the coal switch, in addition to the higher cost of the low-gulfur
coal, make the wet FGD system a cheaper alternative for NYSEG.
The NYSEG Corporation has begun construction of a wet FGD
system at Milliken.

The NYSEG units could meet the Phase 1 1995 $O, limit of
2.5 1b/10¢ Btu either with wet FGD or by burning low-sulfur coal.
The controlled 8O, etnission rate for the LS coal of 1.4 1b/10¢ Btu
is not sufficient to meet the Phase Il requirements. To meet the
Phase I SO, emission limit requires a greater than 72 percent
reduction, which is more than the low-sulfur coal achieves. If low-
sulfur coal were used to meet the Phase I limit, additional scrub-
bing would be required to meet the Phase I limit unless a lower-
sulfur coal than the one evaluated in this study were used.

Table VIII. Comparisen of sulfur diexide control costs.®

Defrolf Edison.

Costs and emissions {for NO, control technologies for both
companies are shown in Table IX. The uncontrolied NO, rates
were estimated by IAPCS. For DE, costs for SCR range from
12.3 to 13.3 mills/kWh, It is expected that Version 5.0 of the
model will estimate considerably lower SCR costs than this
developmental version. For the Monroe unit, LNC offers a much
less costly alternative at 1.1 mills/kWh. For NYSEG, LNC costs
range from 0.66 to .93 mills/kWh (estimates for SCR were not
made for NYSEG). Although not shown here, additional analyses
could have been conducted to estimate the cost and performance
of combined LNC and SCR.

Detroit Edison’s Monroe unit could meet the proposed CAAA
NO, limit of 0.5 1b/106 Btu for wall-fired units using either LNC
or SCR. However, Monroe is a cell burner unit for which a NO,
limit has not yet been set. The NQ, reduction estimated by IAPCS
for LNC applied to Monroe of 51 percent may not be achievable
for cell burher units.

At the time of the writing of this paper, Detroit Edison’s
proposed new units would have had to meet 1979 NSPS NO,
requirements, which were set at 0.6 Ib/10¢ Ba for bituminous

New York State
Electrlc-and Gas Carp.

Unit

Coal

Control System
Size (MW}
Direct Process Area Costs
(00080 -
Indirect Casts {1,000 $

{Ibhit @ $ull load)-
Capactly Factor (%) -~~~
Uncontrolled (), Emissions

(tonshys @ LF) . '

50, Redigtion (%)
Controlled S0, Emiséi
Comtrolied: 80, £

"~ ADVAGATE' .~

ey HSE & high sulfiifs
*AH costs are In 1992 dollars
“NA = not available.

Uncontrolled emissions for LS coal-are assumed to be equat to uncontrolled HSE coal emissions.
*Estimates do not include replacement electricity costs or bonus aliowance credits.
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Table EXL Companison of NO contr ul coses.

Detrolt Edison New York State Eleclric and Gas Corp.

Unit Monree  Monroe  DEUnitNe.2 DEUnitNo.3 Milliken No.t  Milliken No.2 Greenidge No. 4
Ceal Coal Bland Coal Blend LSWigoat - 15W €Coal HSE Coal HSE Goal HSE Coal
Controt System {NC SCR SCR - SCR LNC LNG LNC
Size (MW) 750 750 BOD ... 300 . - 157 e 181 108
Direct Process Area Costs (1,000 $)° 11,971 46,868 071445 1B ugare v 2,800 2,002
indirsct Costs (1,000 $) 8,559 79,954 ‘53,385 ¥ ST I - TR 1,089
Total Capital Cost (1,000 $) 20530 126,822 ' 3401 3.087
Totat Capital Cost ($/KW) 274 169.1 288
First Year 0&M Costs {1,000 $A) 1,066 25,101 136
Levelized Annual Revenue Req. (1,000 $41) ‘5355 64,431 T G93
Levelized Annual Revenue Req. {millsWh) <410 -« 13.27 et (.93
Coat Rate (tor/hr @ full load) 296.1 335.0 §1.2 411
Uncontrolted NO, Emissions (Ib/hr @ fultload) 7,034 .~ 7,034 918 s BB
Capacity Factor (%) ‘738 . 738 85 83 79
Uncontrofled NO, Emissions e

{tons/yr @ stated GF) 22,768 22,768 21,641 i 3332 3,337 2,239
Uncontrolled NO, Emissions (tb/10° Btu) 0.95 0.95 A3 a8 0.60 0.60 0.60
NO, Reduction (%) 51.0¢ 80.0 aon . BO:D- 250 250 25.0
Contrelled NG _Emissions (ton/yr) 11;156 4,554 4,328 2,164 2499 2503 1,680
Controlled NO, Emissions (Ib/10 Btu) 047 0.19 0.23 0.23 0.45 0.45 045
NO, Reduction {tons/y) 1,612 18,241 17,313 8.657 833 834 560
Cost Per Ton of NO, Removesd ($/ton) 481 3,537 2,766 2,983 832 940 1,238

*Key:LNC = low NOx combustion; SCR = selective: catalytic reduction; L.SW = low sulfur western; DE = Detroit Edison; HSE = high-sulfar eastern; FGD = flua

gas desulfurization; LSW = low-sulfer western; LS = low sulfur; CF = capacity factor;

Y000 $ = in thousands of doHars.

*Estimated NOX reduction for wall-fired units with low NO, bumers and overfire air.

“Costs do not include replacement efectricity costs or bonus allowange credits.

coal. The CAAA requires the NSPS NO, limit to be revised by 1994,
Low NO, combustion may not achieve the new NO, limit; therefore,
SCR or SNCR may be required for DE’s hypothetical new units.

Allthree of NYSEG's units could meet the proposed (when this
paper was written) CAAA NO, limit of 0.45 Ib/105 Btu for
tangentially fired boilers using LNC 1o achieve 25 percent control.
The uncontrolled NO, emission rate of 0.6 [b/10¢ Btu was estimated
by IAPCS. IFNYSEG wanted 1 achieve greater NO, reduction, more
advanced LNCFS control systems could be installed.

Conclusions

The IAPCS model offers utilities a tool for analyzing different
control options 1o meet 50,, NO,, and PM emission regulations.
It provides cost and emission estimates for those controls and can
help to narrow the choices available for each type of control. Tt
allows the user to obtain estimates of control systems for site-
specific boilers and coal types using different economic and
control technology parameters. It aiso allows the user to easily
change system parameters to analyze the effects of these changes
on system performance and cost and thus conduct sensitivity
analyses of costs with respect to any paraméter or group of
parameters. For example, the model could be used to estimate costs
for 50, control with coals containing 1.0, 1.5, 2.0, and 2.5 percent
sulfur in terms of mills/kWh and $/ton of SO, removed. The IAPCS
model may prove especially useful to utilities trying to make deci-
sions regarding CAAA requirements because of the large number of
builers that will require €, and NO controls, and the potential effect
ol the market for ailowanee trading and banking.
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