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1. Introduction

In this report a detailed description of the procedure to calculate NOx reductions from
energy savings due to the 2000 IECC code implementation in single family residences
using the United States Environmental Protect Agency's (USEPA's) Emissions and
Generation Resource Integrated Database (E-GRID) is presented. This procedure is
proposed for calculating county-wide NOx reductions in pounds per MWh for Energy
Efficiency and Renewable Energy projects (EE/RE) implemented in each Power Control
Area (PCA) in the ERCOT region

E-GRID is a comprehensive database of environmental attributes of electric power
systems. E-GRID is based on available plant-specific data for all U.S. electricity
generating plants that provide power and report data to the U.S. government. Data
reported for each power generator includes generation (in MWh), resource mix (for
renewables and non-renewables), emissions (in tons for NOx, SO2, and CO2; and in
pounds of mercury), emission rates (in both pounds per megawatt-hour [lbs/MWh] and
pounds per million Btu [lbs/MMBtu] for NOx, SO2, and CO2; and in both pounds per
gigawatt-hour [lbs/GWh] and pounds per billion Btu [lbs/BBtu] for mercury), heat input
(in MMBtu), and capacity (in MW). E-GRID also reports changes in ownership and
industry structure as well as power flows between states and grid regions. For more
infromation on E-GRID, see http://www.epa.gov/cleanenergy/egrid.htm.

Table 1 shows the E-GRID table published in November 2002.' This table is the result of
a methodology Art Diem of USEPA performed using E-GRID data. This methodology
distributes reductions in energy generation within the ERCOT territory using E-GRTD
power flow data and E-GRID plant level capacity factor data. The EGRTD plant level
NOx emission factors are applied to these generation changes and aggregated to the
county level.

2. Description of the Tables

For the ESL's Senate Bill 5 project, several tables are needed to convert the county-wide
electricity savings from 2000 IECC code implementation into NOx reductions at the
power plants that provided the electricity using the EPA's EGRID database. In this
section, an explanation of the procedure and a detailed description of the tables (i.e.,
spreadsheets) used to perform the calculations are presented.

Table 1. Table 1 shows county-wide NOx reductions per MWh of energy savings by
each Power Control Area (PCA). The column headings indicate each PCA in the ERCOT
region. The first column shows Federal Implementation Plan (FIP) code for each county,
and the second column gives each corresponding county in the ERCOT region having

1 The Energy Systems Laboratory (ESL) received this table from Mr. Art Diem ((Environment and Energy Integration)
Phone: 202-564-3525 (diem.arttaiepa.govY) at the USEPA in November 2002.
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electric generators that could be affected by the energy savings. The next ten columns
give the NOx reductions by each PCA for one megawatt of energy savings.

In Table 1, fifty counties have electric generating plants that would be affected by energy
savings based on the methodology in the ERCOT region. Each cell shows the average
amount of NOx (in pounds) that could be reduced by electric generators in that county if
one mega Watt-hour of electricity (i.e., savings) is realized within the PCA for that
column. Counties that do not have NOx values do not contain electric power generating
plants that would be affected by energy savings realized within the PCAs shown in the
column. The Total values shown at the bottom of each column represent the total NOx
reduced by one megaWatt-hour of energy savings.

Table 2. Table 2 presents an expanded version of Table 1. The shaded counties do not
have an electricity-generating plant that would be affected by energy savings according to
this EPA methodology, or are not in the ERCOT region analyzed by EGRID. Seventy-
one (71) county names are shown in Table 2. Of the thirty-eight (38) non-attainment or
affected counties, there are five (5) counties that do not have electricity-generating plants
owned by PCAs. Eleven (11) counties are not in the ERCOT region, and may contain
power plants from other generators. Finally, not all municipal power generating plants
appear to be in the EGRID database.

Table 3. In the Table 3, Table 2 was modified to allow for the calculation of NOx
reductions when electricity production (i.e., savings) is entered in the bottom row for
each PCA. To accomplish this, an empty column was added next to the each PCA
column. NOx emissions reductions for each county in the specific PCA are calculated in
this column according to the total MWh entered into the bottom of the PCA column. One
additional column was added to the right side of the spreadsheet that calculates total NOx
reductions (Tons/yr) for each county. This value represents the NOx produced by all
PCAs in one particular county, as reported by EGRID. The modified parts of the table are
shaded.

Table 4. Table 4 shows all electric utility providers for each county in Texas. This table
was obtained from the Public Utility Commission of Texas (PUCT) website
(http://www.puc.state.tx.us. November 2002). This table provides each county's region
name and the electric utility providers for each county. For the calculations performed by
the ESL in this report, the first electric utility shown in each row was assumed to be the
only electric utility for that county, since the % electricity distribution are not published
by the PUCT, and could not be obtained for purposes of publishing this report.

Table 5 and 6. Table 5 is the summary table from the ESL's 2002 TNRCC report2. In
this table, each county was assigned to a corresponding PCA using the PCA map

2 Haberl, J., Culp, C , Yazdani, B., Fitzpatrick, T., and Turner, D. 2002. "Texas Senate Bill 5 Legislation for Reducing
Pollution in Non-attainment and Affected Areas: Annual Report", submitted to the Texas Natural Resources
Conservation Commission, Energy Systems Laboratory Report ESL-TR-02/07-01, Texas A&M University, 116 pages,
(Revised: September).
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published by ERCOT in May of 20023. The assigned PCA is important because the
September 2002 NOx emissions rate was decided according to the PCA shown, using the
June 2002 NOx emissions rates published by the TNRCC. The third column shows the
assigned PCA for each county using the ERCOT map. The fourth column gives the
TMY2 weather locations that was used to perform the simulation. The fifth column lists
the 2000IECC climate zone that corresponds to the county. This climate zone was used
to select the code compliant design characteristics. The sixth column shows the National
Association of Home Builder's (NAHB) designation regarding which division of survey
data pertained to the county shown. The seventh column shows the number of projected
housing units according to the Real Estate Center at Texas A&M. This projection was
determined using linear regression of the last several years of available data for each
county. The eighth column gives the average floor area for a single family house
according to the NAHB survey data for 1999. The ninth column gives the simulated
energy use for the house calculated with the code-traceable DOE-2 simulation using the
TMY2 weather location for each county. The tenth column shows the energy use of a
similar house4 built to code-complaint specifications. Columns eleven and twelve show
the peak day electricity use for the average 1999 house and the code-compliant house for
each county. Column thirteen shows the annual electricity savings for each house and
column fourteen shows the total savings for all houses built in each county and includes a
20% transmission and distribution loss. Column fifteen shows the NOx emissions rates
for the utility provider that was assumed to provide the electricity to each county5.
Column 16 provides the annual tons of NOx emissions savings from implemention of the
2000 IECC to the new single family housing units listed for each county and includes the
20% T&D losses. Column 17 provides the average tons-NOx/day for each county, which
represents the annual total (tons-NOx/year) divided by 365. Column 18 provides the tons-
NOx/day calculated by multiplying the peak electricity savings for each county times the
NOx emissions rates for the utililty provider6. The bottom row in Table 5 gives the total
values for all non-attainment and affected counties.

In Table 6, the electric utility providers were updated to reflect the data in Table 4. The
shaded columns in Table 6 show the updated NOx values that including the new values
from Table 4. Table 6 also provides peak day savings that include the 20% T&D losses. It
is worth noting that the combination of the 20% T&D loss and the new NOx values
increased the total peak-day emissions rates from 2.09 to 2.6 tons-NOx/peak-day.

3. Sample Calculation

In this section two example calculations are presented. The first one is for the calculation
of annual NOx emissions reductions and the other is for the calculation of peak day NOx
emission reductions. In this calculation procedure, all calculations were performed using

3 The map obtained from the ERCOT was presented by Mr. Ken Donoho at the Hot and Humid conference in Houston,
Texas in May. This map is contained on page 71 of the ESL's September 2002 report to the TNRCC (ESL-TR-02/07-
01). County assignments were made by choosing the predominate utility provider from the map.
4 Characteristics such as floor area, window-to-wall ratio, etc., are held constant, wall R-value, roof R-value, window
U-value, window SHGC, air-conditioner SEER and furnact AFUE were changed.
5 These values represent the June 2002 values published by the TNRCC from the EPA's EGRID report.
6 This value does not include a 20% T&D factor.
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several EXCEL spreadsheets. To perform these calculations, the user inputs the
electricity savings for each PCA into the appropriate cells in the bottom row of the
spreadsheet (Table 3).

Calculation of annual NOx emissions reductions

As shown in Table 1, the energy savings from a PCA cause NOx emission reductions in
other counties where the power plant is located. Since the ESL's summary table (See
Table 6) presents the energy savings for each county, as a first step, the energy savings
for each county were totaled by PCA. Table 7 presents the total electricity savings by
PCA. Since the EPA 's EGRID table only provides values for the ERCOTReston only,
the counties included in the other NERC regions such as SERC, WSCC and SPP are
excluded in this calculation. From the Table 7, 27 counties are in ERCOT region, and the
other 11 counties are in SERC, WSCC and SPP regions. According to the Table 7, the
total electricity savings estimated in SERC, WSCC and SPP regions are 23,683 MWh per
year which is about 12.5% of total electricity savings in 38 counties. In addition, the total
NOx reductions in SERC, WSCC and SPP regions are 31.7 tons per year which is about
7.5% of total NOx reductions for 38 counties. Therefore, future analysis using EGRID
will need to be expanded to include the total NOx reductions from electricity savings in
all 38 counties.

As the next step of the calculation, energy savings (MWh) for each PCA in the Table 7
were entered into the last row of the corresponding column for the appropriate PCA in
Table 3. For example, there was 2,477.2 MWh energy savings in the American Electric
Power West/PCA(Table 7). This was input in the last row of the American Electric
Power West/PCA column in Table 9.

Then, the NOx emissions reductions due to the energy savings by county were calculated
as shown in the corresponding cells. For example, for Bastrop County, 2,477.2 MWh of
electricity savings is multiplied by 0.01 which is shown beside in the row for Bastrop
county (See Table 9). The calculated value, 24.77 lbs of NOx is from the 2,477.2 MWh
saved by AEP due to the implementation of the 2000 IECC to single family residential.

After repeating this calculation for all counties and all PCAs, the NOx emissions
reductions for each county are calculated by summing all value for the county across the
row. For example, for Bastrop County, 8,862.27 lbs of NOx (= 24.77 + 4,977.32 +
3,572.11 + 288.07) are reduced from all electricity savings for AEP, Austin Energy,
Lower Colorado River Authority, and San Antonio Public Service Bd. PCAs (See Table
10)

Calculation of peak day NOx emission reductions

This calculation procedure is nearly the same as the previous calculation. Table 8 was
developed to calculate peak-day NOx emission reductions. This calculation is important
since peak-day NOx emissions reductions are about 2x greater than average daily NOx
emissions reductions calculated by dividing the annual NOx emissions by 365.
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As a first step of the calculation, peak day energy savings (MWh) for each PCA in the
Table 8 were entered into the last row of the corresponding column in Table 3.

Then, the NOx emissions reductions due to the energy savings by county were calculated
as shown in the corresponding cells.

After repeating this calculation for all counties and all PCAs, the NOx emissions
reduction for each county is calculated by summing all value for the county across the
row. Table 11 shows the finished calculation results.

4. Results

In this section, the calculated electricity savings and NOx emissions reductions are
presented in figures and maps to better facilitate an understanding of the where the
different counties are located and the magnitude of the emissions reductions from
implementation of the 2000 IECC.

Figure 1. Figure 1 shows the distribution of the 38 non-attainment and affected counties
in Texas. Non-attainment counties are shown in blue and affected counties are shown in
light blue.

Figure 2 and 3. Figure 2 shows the geographical distribution of projected 2002 annual
electricity savings due to the implementation of the 2000 IECC to new single-family
houses in the non-attainment and affected counties. Figure 3 presents the savings for each
county sorted from the biggest savers to the smallest savers. These savings correspond to
the values listed in Table 6. The savings were calculated using the code-traceable DOE-2
simulation, which compared the 1999 NAHB average house against the code-compliant
house for each county. In this figure, "other counties" means the counties that are not
included in the non-attainment and affected counties but shown in the EGRID table
(Table 1).

Figure 4 and 5. Figure 4 shows the geographical distribution of annual NOx emissions
reductions from power plants due to the 2000 IECC. Figure 5 shows the individual
county NOx reductions. These NOx emissions reductions were calculated using the
procedure outlined in Table 10. It is interesting to note in Figures 4 and 5 that much of
the NOx emissions reductions occur in counties where there is limited growth in
residential single-family housing. Conversely, it is clear that much of the pollution
produced by housing is produced in counties other than the counties where the electricity
is consumed.

Figure 6 and 7. Figure 6 and 7 shows the distribution of 2002 peak day electricity
savings due to the implementation of the 2000 IECC to new single-family houses. These
values were calculated using the actual peak electricity savings as shown in Table 11.
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Figure 8 and 9. Figure 8 and 9 shows the distribution of peak day NOx emissions
reductions from power plants due to the 2000 IECC. These NOx emissions reductions
were calculated in the previous procedure in Table 11. It is interesting to note in Figure 9
that three counties (i.e., Ward, McLennan, and Mitchell) rise significantly in NOx
reductions during peak days when compared to annual NOx reductions (Figure 5).

Table 1. EPA's EGRID table: County-wide NOx Reductions in pounds per MWh for
EE/RE Implemented in each listed PCA (Received from USEPA at November 2003)
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Table 2. EPA's EGRID table: County-wide NOx Reductions in pounds per MWh for
EE/RE Implemented in each listed PCA (Including 38 Non-attainment and Affected
Counties)

July 2003 Energy Systems Laboratory, Texas A&M University
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Table 3. Modified Calculation
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Table 4(a). PUCT Power Suppliers by County (Obtained from PUCT website,
http://www.puc.state.tx.us. November, 2002)
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Table 4(b). PUCT Power Suppliers by County (Obtained from PUCT website,
http://www.puc.state.tx.us. November, 2002)
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Table 5. ESL Summary table: County-wide NOx Reductions Due to the 2000 IECC
(Single Family Residences)
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Table 6. Modified Summary Table Using the November 2002 PUCT PCA assignments.
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Table 7. Total Annual Electricity Savings Due to The 2000 IECC by Power Control Area
(Single Family Residences)
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Table 8. Peak Day Electricity Savings Due to The 2000 IECC by Power Control Area
(Single Family Residences)
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Table 9. Example of Calculation for American Electric Power/PCA and Bastrop County
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Table 10. Example of Calculation for Annual NOx Reductions
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Table 11. Example of Calculation for Peak Day NOx Reductions
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Figure 1. Distribution of the Non-attainment & Affected Counties in Texas
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Figure 2. Distribution of 2002 Annual Electricity Savings Due To the 2000 IECC (Single
Family Residential)
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Figure 3. 2002 Annual Electricity Savings Due To the 2000 IECC (Single Family
Residential)
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Figure 4. Distribution of Power Plant Annual NOx Reductions Due To The 2000IECC
(Single Family Residential)
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Figure 5. Power Plant Annual NOx Reductions Due To The 2000 IECC (Single Family
Residential)
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Figure 6. Distribution of 2002 Peak day Electricity Savings Due To the 2000 IECC (Single Family
Residential)
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Figure 7. 2002 Peak day Electricity Savings Due To the 2000 IECC (Single Family Residential)
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Figure 8. Distribution of Power Plant Peak Day NOx Reductions Due To The 2000 IECC (Single
Family Residential)
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Figure 9. Power Plant Peak day NOx Reductions Due To The 2000 (Single Family Residential)
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