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BACKGROUND
In early 1994, the NEPOOL Environmental Planning Committee (EPC) conducted a study to analyze the impact that demand side management (DSM) programs had on New England Power Pool’s (NEPOOL) NOX emissions in the calendar year 1992.  The results were presented in a report entitled, "1992 Marginal NOX Emission Rate Analysis", which was used to support applications for obtaining NOX emission reduction credits (ERCs) resulting from those DSM program impacts.  Such applications were filed under the Massachusetts ERC banking and trading program, which became effective on January 1, 1994.  The ERC program allows inventoried sources of NOX, VOCs and CO2 in Massachusetts to earn bankable and tradable credits by reducing emissions below regulatory requirements.  One of the creditable activities is electric utility DSM programs installed since January 1, 1992.  In 1994, the "1993 Marginal Emission Rate Analysis" (MEA) was published, which provided analysis on the impact of DSM programs on SO2, NOX and CO2 emissions for the calendar year 1993.  The MEA was also published in 1994, 1995, 1996, and 1997 to provide analysis for those calendar years.

The "1998 Marginal Emission Rate Analysis" provides an estimate of the impact of DSM programs on NEPOOL’s SO2, NOX and CO2 emissions for calendar year 1998.

ASSUMPTIONS
For conducting the 1998 MEA, ISO New England decided to move from a custom database to a new standardized database platform called the Electric Market Simulation System (EMSS™
).  EMSS manages the data for the desired market and creates input files to support the production simulation software, PROSYM.  The PROSYM™
 production simulation model was used to replicate actual 1998 NEPOOL system operations.  Because PROSYM™2 is a simulation model, it is not possible to exactly replicate the discrete hourly events that can occur historically, such as daily changes in fuel prices, sudden forced outages, and unit deratings.  However, there are many key parameters that can be modeled.

The key parameters and assumptions modeled within this analysis:

· Total NEPOOL DSM in 1998 is equal to an aggregate of 500 MW in all hours. 

· Actual historical hourly loads for 1998 were modeled for the NEPOOL system.

· The actual hourly net interchange with external systems (New York Power Pool, New Brunswick Power Corporation, and Hydro-Quebec) was netted from the actual historical hourly NEPOOL loads.  This results in the modeling of native NEPOOL load and generation only.

· Generating unit outages that were recorded in the ISO New England 1998 Annual Maintenance Schedule (AMS) were incorporated into the model.  Full unit outages of three consecutive weekdays or longer were explicitly modeled, regardless of whether the outages were classified as scheduled (SO) or unscheduled outages (UO).

· To represent temporary deratings and outages of less than three days, the following approaches were used:

· For units with outages recorded in ISO New England’s 1998 AMS, their forced outage rate was assumed to be negligible.

· For units not recorded in ISO New England’s 1998 AMS, their forced outage rate was based on their two-year (1997 & 1998) historical average equivalent forced outage rate.

· For nuclear units, individual monthly forced outage rates were adjusted to produce their actual 1998 monthly energies.

· For units that were capable of burning multiple fuels, the fuel switching assumptions were based on 1998 actual energy production by fuel type.  Units were assumed to burn their primary fuel for the entire month if more than 50% of the actual energy production resulted from primary fuel usage within that month.

· An annual fuel price was calculated for the units that were capable of burning multiple fuels.  This value was based on the 12-month average of fuel price information submitted monthly to ISO-NE.  Fuel prices for the remaining generating units were defaulted to those defined within the EMSS database and escalation rates were applied.  In the EMSS database, the natural gas prices for the year 1998 were taken from the Henry Hub basin, and coal and fuel oil prices were extracted from FERC Form 423 (monthly report of cost and quality of fuels for electric plants) for the year 1997 and were escalated to 1998 rates.

· The generating unit emission rates were calculated from the 1998 actual emissions as reported to the U.S. EPA’s Acid Rain Division.  For those units which were not required to file with the U.S. EPA Acid Rain Division, the assumed emission rates were either the RACT (Reasonable Achievable Control Technology) rate as provided by the owner/operator, or the AP-42 based rate associated with the unit’s technology and fuel type.

· Energy production from non-dispatchable generators and hydro units were based on actual 1998 monthly energies.  Dispatchable generators were operated according to system economics.

METHODOLOGY
Marginal emissions were calculated by comparing two simulations.  The Reference Case was created to replicate, as closely as possible, the actual 1998 NEPOOL system operation.  To calculate the amount of additional emissions that would have been emitted if DSM programs were not in place, a case (marginal case) with the loads increased by 500 MW in all hours was created.  The resultant hourly NEPOOL system emissions were then divided into the four time-periods described below.

Based on a comparison between these two simulations, monthly differences in energy output and the corresponding SO2, NOX and CO2 emissions were determined.  From those results, the marginal emissions, expressed in Lbs./MWh and Lbs./MBtu, were calculated for each of the four time-periods.  These emission rates were based on 1998 actual fuel use and other discretely modeled system conditions.  Caution should be exercised in using this information for years other than 1998.

It is important to realize that ISO New England centrally dispatches the generating units in New England.  ISO New England commits and dispatches all units to meet the hourly load and operating reserve while minimizing production costs.  This means that multiple units may increase output in response to an increase in load. Therefore, there is no single marginal unit that can be identified at any given time.  Rather, there are multiple marginal units, located throughout the six New England states.

This report calculates 1998 NEPOOL marginal SO2, NOX and CO2 emission rates, expressed in Lbs./MWh and Lbs./MBtu.  Also included, by state, are incremental tons of emissions and energy consumption.  This data was calculated for the following four time-periods by increasing the actual 1998 NEPOOL loads by 500 MW in all hours:

1. On-Peak Ozone Season (where the Ozone Season is defined as occurring from May 1st to September 30th) consisting of all weekdays between hour beginning 8 A.M. and hour beginning 9 P.M. from May 1st to September 30th.

2. Off-Peak Ozone Season consisting of all weekdays between hour beginning 10 P.M. and hour beginning 7 A.M. and weekends from May 1st to September 30th.

3. On-Peak Non-Ozone Season consisting of all weekdays between hour beginning 8 A.M. and hour beginning 9 P.M. from January 1st to April 30th and October 1st to December 31st.

4. Off-Peak Non-Ozone Season consisting of all weekdays between hour beginning 10 P.M. and hour beginning 7 A.M. and weekends from January 1st to April 30th and October 1st to December 31st.

No distinction was made for holidays because the impacts were considered to be negligible.

RESULTS
Table 1 shows the incremental generation, by state, for the Ozone Season and Non-Ozone Season time-periods.  Also shown is the percent of total NEPOOL generation increase, by state, resulting from a 500 MW increase in all NEPOOL hourly loads.
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Table 2 shows SO2, NOX and CO2 marginal emission rates in Lbs./MWh for the NEPOOL system for each of the four time-periods.  Table 3 shows the same information expressed in Lbs./MBtu.  A conversion factor of 10 MBtu/MWh was used.

The overall NEPOOL emissions and operating reserve for each state are very dependent on the specific units that are seasonally available to serve NEPOOL load.  Therefore, there could be wide variations in the seasonal emissions, primarily due to changes in unit availability, fuel consumption, and load level.
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Tables 4, 5 and 6 show the calculated marginal emission rates for SO2, NOx and CO2 in Lbs./MWh for the years 1993 through 1998.  There is a decrease in the marginal emission rates for NOx in 1995 primarily due to the implementation of NOx Reasonably Available Control Technologies (RACT) regulations as required under Title I of the 1990 Clean Air Act Amendments.  There is an increase in the marginal emission rates for CO2 from 1997 to 1998, primarily due to the lower availability in nuclear generation, and the subsequent increase in fossil-fired generation to compensate for that loss.  For the most part, the NOx marginal emissions rate trend decreases into the year 1998, due to NEPOOL Participants’ commitment to lower NOx emissions.
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Table 6
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Figures 1, 2 and 3 are graphical representations of Tables 4, 5 and 6, respectively.

Figure 1
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Figure 2
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Figure 3
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Table 7 shows the calculated incremental SO2 emissions, by state, for the ozone season and non-ozone season time-periods, that would have been produced if the total NEPOOL load in all hours was increased by 500 MW.  Also shown is the percent of the total increase in emissions that would have correspondingly been produced within each state.  Tables 8 and 9 show the same information for NOX and CO2, respectively.
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