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Abstract:

The new regulations for controlling acid rain and the first phase for controlling
urban ozone in New York State are shown to be effective, in terms of reducing
emissions of sulfur dioxide and nitrogen oxides, and relatively inexpensive. In
contrast, the total cost and the marginal cost per ton of reduced emissions of
nitrogen oxides in the second phase for controlling urban ozone are relatively
high. Consequently, questions are raised about the efficiency of these proposals
for controlling emissions from electric utilities versus controlling emissions from
other sectors, such as transportation, which may play an even greater role in the
formation of urban ozone.




I. INTRODUCTION

The primary objective of this paper is to evaluate the economic implications of the 1990
Amendments to the Clean Air Act (CAA90) on the cost of producing electricity in New York State.
The two main sections of the CAA90 that affect electric utilities relate to emissions of sulfur
dioxide (SO,) and nitrogen oxides (NOy) and their contribution to acid rain and urban smog,
particularly the formation of ozone. Inthe CAA90, emissions of NOy are controlled through the
conventional regulatory practice of setting maximum rates of emissions for individual power
plants. (In practice, state regulatory agencies set these standards for NOy in states like New York
State that violate ambient air standards because the federal standards are set for ozone rather than
the precursors of ozone such as NOy.) However, the proposed procedure for controlling
emissions of SO, introduces a new national market for emission allowances. Consequently,
although total emissions of SO, are limited by the total number of allowances issued, the actual
rate of emissions of SO, and the type of control strategy used at any particular power plant are not
specified in the CAA90. The expectation is that this market mechanism for SO, allowances will
lead to lower costs for the nation compared to setting standards for individual power plants, and it
will still meet the mandated reduction in national emissions of SO,. Additional information about

the regulations in the CAA90 that affect electric utilities is given in the following section.

The analysis of the CAA90 is conducted using the CCMU Model of power production in
New York State. This model simulates the market for power production in the state on an annual
basis and is a screening model for long-run planning. It can be used to determine economically
efficient ways to meet environmental objectives, such as the regulations in the CAA90, and to
predict the effects of these regulations on the average cost of service for customers. A brief

description of the CCMU Model is given in Section 3.




The results of the analysis are summarized and discussed in Sections 4 and 5. Different
scenarios are run for the period 1991 to 2010 to determine the incremental effects of individual
components of the CAA90. The overall conclusions suggest that the requirements for SO, can be
met at a relatively low cost in the state. Some of the requirements for NOy, however, are
expensive because of the difficulty in meeting ozone standards in urban areas along the eastern
seaboard, especially in New York City. Since there is still considerable doubt about the
effectiveness of proposed strategies for meeting ozone standards, and the costs of the proposed
controls are so high, a number of issues should be clarified before current plans for controlling
emissions are accepted. The most important of these is to assign the correct balance of
responsibility for meeting ozone standards among electric utilities, transportation, and other

industrial sources.

2. THE CLEAN AIR ACT AMENDMENTS OF 1990

The Clean Air Act Amendments of 1990 (CAA90) include two significant sections related
to electric utility boiler emissions: Title IV dealing with acid deposition and Title I dealing with
ambient air quality. The focus of Title IV is sulfur dioxide (SO;) emissions from utility boilers,
with a few provisions related to nitrogen oxides (NOy) emissions. The provisions of Title I are an
attempt to bring nonattainment areas into compliance with ambient air quality standards for ozone,
carbon monoxide, and small particulate matter. The requirements for ozone nonattainment areas
affect electric utilities most directly due to the role of NOy emissions in the formation of ozone.
(Hydrocarbons, primarily non-methane Volatile Organic Compounds, react with NOy to form

ozone in the presence of sunlight.)

Title IV
The acid deposition provisions of Title IV of the CAA90 create a nationwide emissions

trading market for SO, allowances. Each allowance entitles the owner to emit one ton of SO,.




Allowances may be bought from other allowance holders, sold to other affected facilities, or

banked for future use. The provisions of Title IV are implemented in two phases beginning in

1995.

Electric utilities are issued allowances based on their average actual energy consumption for
1985, 1986, and 1987, known as a unit's baseline. In Phase I of the program, approximately 265
units at 110 plants (listed in the CAA90) will be issued allowances calculated from their baseline
using an emissions rate of 2.5 Ib/MMBtu. Selection criterion for the Phase I units were the
capacity (100 MW or more) and high SO, emissions rates (2.5 Ib/MMBtu or more). Phase I takes
effect on January 1, 1995, but units that install flue gas desulfurization units or other high-
efficiency emissions control devic;es are eligible for a two-year extension of the compliance date
and additional bonus allowances. Phase II of Title IV affects all electric utility boilers larger than
25 MW on January 1, 2000. Allowances are issued according to a unit's baseline using an
emissions rate of 1.2 1b/MMBtu. The total number of allowances nationwide is capped at 8.9

million tons per year.

Emissions of NOy are also addressed in Title IV, although they are not included in the
emissions trading system of SO, allowances. A unit must meet the applicable NOy standard, if
any, when the unit becomes an affected source for SO,. To date, the Environmental Protection
Agency has proposed NOy limits of 0.50 1b/MMBtu for dry-bottom wall-fired coal boilers and
0.45 Ib/MMBtu for dry-bottom tangentially-fired coal boilers. It is unclear at this date whether

limits will be imposed on other types of boilers.

Title 1

Title I of the CAA90 affects electric utilities primarily through the requirements for ozone
nonattainment areas. Ozone, the primary component of urban smog, is formed through a complex
series of reactions involving hydrocarbons, nitrogen oxides, and sunlight. Consequently, the

provisions of Title I attempt to reduce ozone through controls on hydrocarbon and NOx emissions.




Title I classifies the approximately 100 ozone nonattainment areas based on the severity of the
ozone concentration. These classifications are marginal, moderate, serious, severe, and extreme
ozone nonattainment areas. All of the nonattainment areas in upstate New York are classified as
marginal and must be in compliance by November 1993. The downstate region is classified as
severe and must comply with the ambient air quality standard by 2007. Areas that are not in
compliance by the required date are moved to the next higher classification and must implement
more stringent requirements. In addition, the entire state is included in the Northeast Ozone
Transport Region. The entire transport region must implement the requirements of moderate

nonattainment areas.

For electric utilities, the Title I requirements restrict NOy emissions. Existing units will be
required to install Reasonably Available Control Technology (RACT), while new units will be
required to meet the Lowest Achievable Emissions Rate (LAER) and obtain offsets for their actual
emissions. The proposal by the New York State Department of Environmental Conservation
(DEC) for RACT in New York State implements standards that may be met through the use of
combustion modifications to control NOy from electric utilities in 1995. The draft proposal also
considers standards in 2000 that would require the use of post-combustion control technologies
such as selective catalytic reduction. These proposed standards are summarized in Table 1, and the

control technologies for NOy are described in an appendix.




TABLE 1
PROPOSED NEW YORK STATE RACT
STANDARDS FOR NOx

(Ib/MMBtu)
FUEL BOTTOM FIRING 1995 2000
Coal Dry Wall 0.43 0.20
Tangential 0.38 0.20
Stoker 0.30 0.20
Wet Wall 1.00 0.20
Tangential 1.00 0.20
Cyclone 0.55 0.20
Gas/Oil --- Wall 0.25 0.10
Tangential 0.25 0.10
Cyclone 0.43 0.10
Gas --- Wall 0.20 0.10

Tangential 0.20 0.10




3. STRUCTURE OF THE CCMU MODEL

The CCMU Model of power generation in New York State operates on an annual basis at
the state level. In a typical scenario, individual plants are dispatched to minimize costs subject to
meeting load and constraints on system reliability and emissions. In addition, generation from
non-utility sources (NUG) and demand-side management (DSM) are included. The model has a
fully integrated financial structure in the sense that higher production costs are passed on to
customers as higher rates, and these higher rates lower levels of demand and revenues received by
utilities. Consequently, the market for power is modeled in an internally consistent manner. There
are four main analytical components of the model that have undergone extensive modifications to

incorporate specific capabilities relating to the New York Power Pool (NYPP).

The operating sequence of the four components of the model is illustrated in Figure 1 and is
initiated by setting the rates charged for electricity in the Demand Module (DEMAND) for three
classes of customer. This determines revenues received, annual energy requirements and load for
the coming year. The next component is the Pollution Control Module (CONTROL) which
screens plants to ensure that they meet SIP (State Implementation Plan) standards for emissions of
SO;, NOy and particulates. If a plant does not meet standards, an appropriate new control option
is selected which might involve switching to a cleaner fuel or installing control equipment. This is

the standard way of dealing with emissions of NOy and total suspended particulates.

Prior to dispatching the plants operated by the NYPP, energy requirements and peak load
are modified to account for firm or prescheduled imports, exports and net losses from pumped
storage. Generation from NUG sources, DSM, potential new sources of power, fuel switching
and retrofitting scrubbers on NYPP plants are all incorporated into the Dispatch Module
(DISPATCH). The inclusion of this range of options in the Dispatch Module is a feature that

distinguishes the CCMU Model from standard production models of generation. The implication




FIGURE 1
STRUCTURE of the CCMU MODEL
New York State Electric Utility Simulation Model
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is that the timing of installing new generating capacity or new technologies (e.g. scrubbers) can be
determined by the model as well as specified by users.

The Dispatch Module is based on the XMP linear programming algorithm, and it
determines the optimum pattern of generation to meet a five step load duration curve subject to
specified environmental and reliability constraints. A typical activity (column) in the linear
programming model (LP) represents a plant in one of the five load segments. Each activity can be
constrained by a maximum (representing availability) and minimum (representing "must-run"
requirements). The maximum capacity factor for a plant is represented by a row constraint across
all five load segments. The Dispatch Module determines the pattern of generation and provides the
data used to calculate emissions and production costs. Production costs and the net cost of
purchases of power are then passed on to the Finance Module (FINANCE). All costs, including
capital charges, are accounted for in this module to determine allowed revenues for the year. This
information is passed on to the Demand Module to determine rates for the following year. Hence,
it is assumed that the regulatory process operates with a one year lag. If actual revenues are lower
(higher) than allowed revenues, electric rates are adjusted upwards (downwards) in the following

year. In addition, the new rates reflect changes in the projected cost of fuels used for generation.

The levels of emissions from each plant are determined in the model on the basis of boiler
characteristics, the level of generation, the quality of fuel used and the type of control equipment
installed. This information is aggregated to give emissions at the utility and state level each year
for carbon, SO,;, NOx and total suspended particulates (TSP). The total level of any or all of
these pollutants can be constrained in the Dispatch Module to a maximum level. Constraints can
also be imposed on SO, or NOy emissions in sub-state regions such as the New York City
region or for plants affected by Phase I of Title IV in the CAA90. In addition, any given weighting
scheme for production costs and emissions at the plant level can be used to simulate environmental

dispatching as an alternative to the standard criterion that considers only production costs.
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Another feature of the CCMU Model is that emissions of SO, and NOy from each plant
can be related to the corresponding deposition rates of wet and dry sulfates and nitrates at
environmentally sensitive sites in the state. Transportation factors for each site are specified for
each power plant to convert the amount of SO, and NOy emitted to the annual average
deposition of sulfates and nitrates per hectare. Consequently, annual levels of deposition
attributable to NYPP and NUG sources can be determined in the model at the selected sites, and

constraints on the maximum levels of deposition can be imposed within the Dispatch Module.

The overall implication of the structure of the CCMU Model is that economically efficient
patterns of generation can be determined subject to multiple constraints on levels of emissions.
Other options, such as the trading of allowances for SO; or offsets for carbon sequestration
through reforestation, can be incorporated. Since it is also possible to modify standards for
emissions at the plant level (e.g. SIP standards), sub-state levels and the state level, the framework
can be used to evaluate simultaneously a wide range of policies affecting emissions. If stricter
emission standards are specified at the plant level, a screening process identifies plants which do
not meet the new standards, and a new fuel and/or a control device is selected in the Control
Module to minimize expected production costs at the plant. The overall effect is to revise the data

characteristics of a plant and the associated fuel prior to entering the Dispatch Module.

If reserve margins are high, it is possible to meet restrictions on emissions by generating
more power from expensive oil plants and less from cheaper coal plants. However, getting
substantial reductions of emissions this way becomes more limited and expensive when reserve
margins decline. Consequently, capabilities have been added that allow for fuel switching,
retrofitting control devices at existing plants and a range of potential new supply options,
(including DSM) in the Dispatch Module. In general, optimum solutions for scenarios when

constraints on emissions are imposed involve earlier retirement of old, dirty plants compared to
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scenarios with no constraints on emissions. These old plants would be replaced by new, cleaner

sources of generation, such as combined cycle turbines, or reductions in demand through DSM.

4. AN INCREMENTAL ANALYSIS OF THE CAA90

The purpose of this section is to present the results from a series of scenarios using the
CCMU Model. The scenarios are specified in such a way that the incremental effects of individual
components of the CAA9Q can be evaluated in terms of changes in emissions and costs. The

scenarios are:

1. Base (no CAA90 controls)

2. Add Title IV (Acid Rain)

3. Add Title I, Phase I (Urban ozone)
4. Add Title I, Phase II downstate

5. Add Title I, Phase I upstate

The sequence of scenarios implies that the last one, Scenario 5, corresponds to implementing

controls for both acid rain (Title IV) and urban ozone (Title I) throughout the state.

The characteristics of the Base are summarized in Table 2 for the forecast period 1991-
2010. Most of the assumptions correspond to those used by the New York State Department of
Public Service for setting Long-Run Avoided Costs in 1992 (LRAC). Levels of demand (energy
requirements) are set exogenously in all scenarios. Consequently, higher costs do not have a

dampening effect on sales, and the levels of energy requirements are identical in all five scenarios.
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TABLE 2

SUMMARY OF INPUT ASSUMPTIONS
SCENARIO 1: BASE

Financial Annual Rate (1991-2010)

General Inflation Rate 4.0%

Real O&M Escalation Rate 2.0%

Nominal Return to Deb 9.5%

Nominal Return to Pref. Equity 9.0%

Federal Tax Rate 34.0%

State Tax Rate 9.0%

Investment Tax Credit ' 0.0%

Annual Growth (percent)*

Economic/Demographic 1991-2010

Real Total Personal Income 1.4

Population 0.5

Employment - Industrial 0.7

Employment - Total 0.7

*These inputs do not affect sales because demand is determined exogenously.

Fuel Prices (real) Annual Growth (percent)
1991-1992 1992-1994 1994-2002 2002-2005 2005-2010
Coal Low sulfur -7.2 -1.6 1.1 1.3 1.2
High sulfur -2.1 -1.8 0.8 0.9 1.1
4.4 -1.0 2.0 5.6 2.4
4.4 -0.9 2.6 5.5 2.5
0Oil Low sulfur
High sulfur
Natural gas 2.1 2.5 2.7 5.6 2.5
Nuclear 0.0 0.0 0.0 0.0 0.0
Energy Requirements Exogenous at LRAC levels
Imports and Exports Exogenous at LRAC levels
Non-Ultility Generation Exogenous at LRAC levels
Demand-side Management Exogenous at LRAC levels
Natural Gas Availability Unconstrained (1992-2010)
Utility Owned Additions/Retirements Exogenous at NYPP 1992 schedule

1990 Amendments to the Clean Air Act Not implemented in the Base
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Results of the Base and Title IV of the CAA90 (Scenarios 1 and 2) are summarized in
Figure 2 in terms of emission of SO;, NOy and carbon and the additional revenue requirements
of implementing Title IV of the CAA90. In the Base (identified by N) with no CAA90 controls,
emissions of SO, (these include emissions from NUG sources and the NYPP share of a plant at
Homer City in Pennsylvania) drop from 470 Ktons per year in 1990 to about 380 Ktons by 1995
due to increased generation from NUG sources and growth of DSM. Emissions of SO,
increase only slightly after 1995 in the Base. Patterns of emissions of NOy and carbon in the
Base are similar to the pattern for SO,, but the rates of increase after 1995 are higher in both
cases. These increases reflect increasing demand for electricity over the forecast period (sales of

electricity increase by 1.4 percent per year from 1990 to 2010).

In Scenario 2 (identified by 4 in Figure 2), the acid rain controls in Title IV of the CAA90
are implemented in two phases (see Section 2 for additional discussion). It is assumed that
allowances for emissions can be traded within the NYPP at no cost to the state, and that buying
allowances from other states is expensive ($1253 per ton in 1990$). In Phase I, the 2 oil plants
downstate (Northport 1-3 and Port Jefferson 3-4) already meet the new standard for 1995 because
of the State Acid Deposition Control Act that limited the sulfur content of fuels in 1988. The 3 coal
plants upstate (Greenidge 4, Milliken 1-2, and Dunkirk 3-4) do not meet the new standards, but a
scrubber (Clean Coal Technology) is planned for Milliken in 1995. This scrubber is eligible for
bonus allowances. The overall implications for Phase I of Title IV is that the constraint on
emissions of SO, for affected plants in the state is not binding, and unused allowances are
accumulated until Phase II is implemented in 2000. Under Phase II of Title IV, all plants are
affected and a new annual level of allowances (305 Kton per year) is issued. Unused allowances
from Phase I are used over the period 2000-2004 to provide an easier transition into Phase II (the
constraint on total emissions of SO, is reduced linearly to reach the level of 305 Kton in 2005).
Scrubbing was not allowed as an option in Phase II, and consequently, the constraint on emissions

of SO, was met by switching to fuels with lower sulfur contents or by purchasing allowances
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from other states. For both Phase I and Phase II of Title IV, the relatively modest standards for
emissions of NOy are imposed, and the selection of control devices is specified exogenously for

any plant that does not meet the standards.

The results summarized in Figure 2 for Title IV show the expected reductions in emissions
of SO, and NOy in 1995 compared to the Base that result from installing a scrubber at Milliken
and NOy controls at the three coal plants affected by Phase I. Additional reductions of SO, and
NOy occur in 2000 when all plants are affected by Phase II. (The implications of Title IV on
emissions of carbon are very small since the CAA90 does not deal explicitly with emissions that
contribute to global warming.) After 2000, emissions of SO, are above the annual level of
allowances issued to the NYPP until 2005 because unused allowances from Phase I are available.
In 2005 and 2006, the annual constraint of 305 Ktons per year is binding. After 2006, emissions
of SO, increase because allowances are purchased from other states (installing additional
scrubbers in Phase II was not an option in these scenarios). The cost of meeting Title IV increases
after 1995 to reach about $130M per year in 1990$ by 2010. This cost reflects the increasing cost
differential for low sulfur coal (see Table 2) and the cost of purchasing allowances after 2006, but
it corresponds to only a 0.7 percent increase of the average cost of service above the Base by 2010.

In other words, the cost of meeting Title IV in the CAA9O is relatively small.

The results in Figure 3 summarize the implications of trying to meet ambient air standards
for ozone in Title I of the CAA90. In this figure, Title IV is treated as the initial scenario. Phase I
of Title I (Scenario 3) limits emissions of NOy in 1995 (see Table 1) and is identified by A in
Figure 3. Phase II of Title I downstate (Scenario 4) and Phase II of Title I upstate (Scenario 5),
restrict emissions of NOy in 2000 and are identified by D and 1, respectively. For all three
scenarios relating to Title I (3-5), the effects on emissions of SO, and carbon are very small, but
the effects on emissions of NOyx are, as expected, substantial. Phase I reduces emissions of

NOy in 1995 by almost one third from the level in Scenario 2. Phase II reduces emissions of
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NOyx by roughly the same amount in 2000 to give total emissions of about 70Kton per year from
2000 on in Scenario 5. The decrease of emissions upstate in Phase II is about double the

corresponding decrease downstate.

The cost of Phase I of Title I is modest starting at about $70M per year in 1990% in 1995
and falling to $20M per year in 1990$ by 2010. This behavior differs from the cost pattern for
Title IV because the costs in Title I are associated with capital investments rather than switching to
cleaner fuels and purchasing allowances. The costs of Phase II of Title I are relatively high,
however, reflecting the high capital and operating costs of post-combustion modifications
(selective catalytic reduction). The full cost of implementing Title I amounts to about $400M per
year in 1990$, almost three times as much as the cost of implementing Title IV at its highest level
in 2010. The cost of Title I corresponds to approximately an additional 3 percent increase in the
average cost of service above the cost with Title IV implemented. The overall effect of the CAA90

is to increase the average cost of service by almost 4 percent above the Base.

The costs of control devices for emissions of NOx are specified exogenously in Scenarios
2-5, and are based on engineering estimates for individual plants. These estimates were obtained
from Joe DeAngelo (New York State Electric and Gas) and were used instead of the generic cost
equations that are part of the CCMU Model. A comparison of the cost estimates with the
corresponding costs derived from the equations is given in an appendix. These equations were
taken from the Integrated Air Pollution Control System Model (Version 4.0) developed for the US
Environmental Protection Agency. In general, the equations give lower costs for Phase I
(combustion modifications) and higher costs for Phase II (post-combustion modifications) than the
engineering estimates. The implication is that the contrast in costs between Phases I and II would
be greater using the cost equations in the CCMU Model. Phase I would be even less expensive

and Phase II even more expensive than the results presented in Figure 3.
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S. NCLUSIONS

The first conclusion from the results presented in Section 4 is that the costs of meeting the
requirements for controlling acid rain (Title IV of the CAA90) are relatively low (less than a 1%
increase in the average cost of service by 2010). In fact, costs would have been even lower if
installing additional scrubbers in Phase II had been an option or the specified price of purchasing
an allowance for SO, had not been as high (sales of allowances have been made for $250-400 per
ton compared to over $1200 per ton used in the scenarios). These results illustrate the difference
between New York State and many mid-western states where controlling emissions of SO, will
be a major undertaking. In New York State, reductions in emissions of SO, have already
occurred because of the State Acid Deposition Control Act. Additional reductions will come from
increases in generation from gas-fired NUG sources and from DSM. However, if emissions of
SO, in the state are limited to the level of allowances issued in Phase II (by preventing purchases
of allowances from other states), installing additional scrubbers on coal plants should be
considered as an option (installing scrubbers in New York State would cost roughly $800 per ton

of SO, removed which is about two thirds of the specified cost of purchasing allowances).

The incremental costs of implementing Phase I of Title I (reducing emissions of NOy in
1995 as a step towards meeting standards for urban ozone) are lower than the costs of
implementing Title IV. However, the costs of Phase II of Title I are relatively high because the
controls involve installing post-combustion modifications (see the Appendix). By 2010, the cost
of both Phases of Title I is roughly three times as high as the cost of Title IV. A large part of these
costs are associated with the capital cost of devices for controlling emissions of NOy. These
capital costs are summarized in Table 3. The cost of the combustion modifications for NOx
installed to meet Title I'V and Phase I of Title I are relatively low ($91M and $343M, respectively).

Installing selective catalytic reduction at most plants to meet proposed standards for NOx in
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Phase II of Title I is much more expensive ($1561M). In addition, the operating costs are also

higher than they are for combustion devices alone (see the Appendix).

TABLE 3
CAPITAL COSTS FOR NOx

CONTROLS
(MILLION 1994$)

1995 2000 Total

Title IV 23 68 91
Title I, Phase I 343 0 343
Title I, Phase II 0 1561 1561

The overall implications of the results in Section 4 can be summarized in terms of the
incremental effects on emissions and costs of the different components of the CAA90. To simplify
the discussion, it is convenient to consider a single measure of emissions because emissions of
SO; and NOy change simultaneously in the different scenarios. A measure called “NOy
Equivalent” is defined for this purpose as the sum of emissions of NOy plus emissions of SO,
divided by two. This implies that one ton of NOx causes twice as much “damage” as one ton of
SO,. (This ratio is approximately the same as the ratio of costs used by the New York State
Department of Public Service to measure the non-market costs of emissions from potential new
sources of generation.) The results in Figure 4 show the cumulative effects on NOx Equivalents
of the controls implemented in the four scenarios described in Section 4. In terms of emissions,
the effects of Title IV (mainly on emissions of SO;) and Phase II of Title I (mainly on emissions
of NOy) are both substantial, but the effects of Phase I of Title I from 1995 on are partly
superseded from 2000 on by the effects of Title IV. The additional reductions after 2000
associated with Phase II of Title I are roughly two-thirds as big as the combined reductions for

Title IV and Phase I of Title I in terms of NOx Equivalents.
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Figure 5 summarizes the corresponding incremental costs (per ton of NOy Equivalent) of
reducing emissions as the scenarios are implemented in sequence. The costs per ton for Title IV
and Phase I of Title I are generally less than $2000 per ton, although the cost per ton of Title IV
increases above this value by the end of the forecast period (because the price of purchasing
allowances for SO, is high: about $2500 per ton in terms of NOy Equivalents). The costs for
Phase II of Title I are much higher than the costs for Title IV or Phase I of Title I both upstate
(about $5000 per ton) and downstate (about $8000 per ton). Consequently, the logical question to
ask is whether the controls in Phase II of Title I are economically efficient in the sense of 1) leading
to benefits that outweigh the costs, and 2) there being no options in other sectors of the economy

for reducing emissions at a lower cost (in terms of meeting standards for urban ozone).

There are no simple answers to the questions raised in the previous paragraph. The
violation of standards for urban ozone is episodic and requires the right mix of ingredients (NOyx
and hydrocarbons: see the Appendix) and sufficient sunlight. These conditions tend to occur
during the summer if air masses are relatively static for a series of days. For most of the year,
levels of urban ozone meet the required standards, and emissions of NOy pose more of a problem
for acid rain than for urban ozone. In contrast, other environmental concerns like acid rain and
global warming are more directly related to total levels of emissions (particularly global warming).
With acid rain, an additional issue is that some regions are more sensitive to deposition than others.
Total annual levels are the typical values of variables predicted by the CCMU Model. Since
weather patterns where levels of urban ozone are high may be very different from average weather
patterns for a year, it is difficult to use results from the CCMU Model to address the episodic

nature of the ozone problem. Nevertheless, there are issues that can be illustrated by the model.

First, the location of emissions matters. For example, it is reasonable to expect that
emissions of SO; and NOy from plants upstate contribute more to the problem of acid rain than

equivalent levels of emissions from plants downstate. The opposite érgument could be made for
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the contribution of emissions of NOy to the formation of urban ozone. This point is illustrated
by the results in Table 4 which shows the relative effects of five utilities operating plants downstate
compared to three utilities with plants upstate. The average annual rates of deposition of wet and
dry nitrates from one ton of NOy emitted each company are predicted for each of the five
scenarios discussed earlier in this section. These deposition rates for three sites in the year 2005,
are normalized in Table 4, so that the average rate of deposition per ton from the NYPP is 100.
The first two sites (Western Adirondacks and Catskills) have been identified by the New York
State Department of Environmental Conservation as being sensitive to acid rain. The third site
(Brookhaven) is close to New York City, and it was chosen to represent the region affected by
high concentrations of urban ozene. The year 2005 was selected to represent a year when all
components of the CAA90 are enforced and no allowances for SO, are purchased from other

states.

The greatest contrasts between the five utilities downstate and the three utilities upstate
occur for Western Adirondacks and Brookhaven (Central Hudson is on the border between upstate
and downstate and could be classified in either group). The upstate utilities have deposition rates
per ton emitted that are above average for Western Adirondacks and well below average for
Brookhaven. The opposite holds for the downstate utilities. The question that needs to be
answered is what effect will reductions of NOyx from upstate plants have on concentrations of

ozone in the downstate region?

Another issue for consideration is how do emissions from utilities compare to emissions
from transportation and other industries in their effects on the formation of ozone? Since most of
the emissions of hydrocarbons and a large part of the emissions of NOy (larger than the share
from utilities) come from transportation, the effectiveness of controls on NOy emissions from
utilities cannot be judged without considering the emissions from other sources. The analysis in

Section 4 implied that the incremental costs for reducing emissions of NOy from utilities would
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be approximately $8000 per ton to meet the standards in Phase II of Title I of the CAA90. Since
this cost is expensive and the controls only affect utilities and other point sources, the question that
needs to be answered is whether there are more efficient ways to meet standards for urban ozone

by reducing emissions from non-utility sectors such as transportation.

Answering these questions about the effectiveness of proposed regulations for reducing
emissions of NOx from utilities will require research by atmospheric scientists, engineers and
economists. Efforts made now to provide answers have the potential for saving substantial
expenditures in the future because the projected cost of investment for implementing NOy controls

in New York State is so high (over $1.9 billion (see Table 3).
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NOyx APPENDIX: Control Technologies in the CCMU Model

Low Excess Air

Low Excess Air (LEA) firing controls NOy formation by reducing the amount of
atmospheric NOjy available in the furnace to form NOy. LEA firing has the side benefit of
improving boiler efficiency, resulting in lower heat rates, reduced fuel consumption, and lower
production costs. Consequently, most utility boilers have already implemented LEA firing in order
to reduce costs rather than to reduce NOyx emissions. LEA provides a NOyx reduction of
approximately 15 percent. Control costs for LEA are on the order of $200/ton NOy without
including fuel savings. These fuel savings can result in a control cost of -$775/ton NOx or more

depending on the fuel price.
Overfire Air

Overfire Air (OFA) reduces NOy emissions by staging the combustion inside the entire
boiler. Fuel is burned in the existing burners with less than the required amount of combustion air.
Combustion is completed in the region above the burners where the overfire air is injected. This
combustion staging reduces NOy emissions by reducing the peak flame temperature of the
combustion process, the key variable in the formation of thermal NOy. OFA provides a NOy

reduction of approximately 25 percent. Control costs for OFA are on the order of $125/ton NOx.
Low-NOy Burners

Low-NOy burners (LNB) control NOx emissions by staging the combustion within the
burner flame itself. Like OFA, LNB reduces NOy emissions by reducing the peak flame
temperature. Because the fuel or air staging lengthens the combustion process, the use of LNB can
often result in longer flames that may impinge on boiler walls in some boilers. NOy reductions for

LNB are approximately 35 percent. Control costs for LNB are on the 6rder of $300/ton NOy.
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Low-NOy_Concentric Firing System

The Low-NOy Concentric Firing System (LNCFS) was developed specifically for
tangentially-fired boilers. NOy reductions are achieved through fuel staging in the burners
themselves and through the use of separated overfire air. LNCFS provides a NOy reduction of
approximately 40 percent. Control costs for the LNCFS system are on the order of $125/ton
NOy.

Low-NOy_ Burners + Overfire Air

The combination of LNB and OFA results in a higher NOy removal rate than either of the
two technologies can achieve separately. The combination provides the functional equivalent of the
LNCEFS for wall-fired boilers. The combination of technologies can provide a NOy reduction of

approximately 50 percent. Control costs for LNB+OFA are on the order of $500/ton NO.

Selective Catalyvtic Reduction

Selective catalytic reduction (SCR) is a post-combustion treatment technology. Ammonia
is injected into the flue gas stream where it thermally dissociates into nitrogen and hydrogen ions.
These ions react with the NOy in the flue gas over a catalyst bed to form molecular nitrogen and
water. Due to the use of a precious metal catalyst bed that must be periodically replaced, both the
capital and operating costs of SCR are high compared to combustion modification technologies.
The ammonia is also capable of reacting with SO in the flue gas to form ammonium bisulfate, a
sticky compound which can foul surfaces in the catalyst bed or air heater. In addition, most of the
SCR boiler installations worldwide have been on gas- or oil-fired boilers or boilers burning low-
sulfur coal. To date, there has been very limited experience with the use of SCR on high-sulfur
coal boilers similar to those used by U.S. electric utilities. SCR can provide a NOy reduction of
80 percent to 90 percent from inlet NOx concentrations. Control costs for SCR are on the order

of $2,000/ton NOy to $3,000/ton NOy.
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