ESL-HH-04-05-13

METHODOLOGY TO CALCULATE NOx EMISSIONS REDUCTIONS FROM THE
IMPLEMENTATION OF THE 2000 | ECC/IRC CONSERVATION CODE IN TEXAS
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Energy Systems L aboratory, Texas Engineering Experiment Station, Texas A& M University System

ABSTRACT

Four areas in Texas have been designated
by the United States Environmental Protection
Agency (EPA) as non-attainment areas because
ozone levels exceed the National Ambient Air
Quality Standard (NAAQS) maximum allowable
limits. These areas face severe sanctions if
attainment is not reached by 2007. Four
additional areasin the state are also approaching
national ozone limits (i.e., affected areas).

In 2001, the Texas State L egislature
formulated and passed the Texas Emissions
Reduction Plan (TERP), to reduce ozone levels
by encouraging the reduction of emissions of
NOx by sources that are currently not regulated
by the state. Animportant part of thislegisation
isthe State's energy efficiency program, which
includes reductions in energy use and demand
that are associated with the adoption of the 2001
IECC, which represents one of the first times
that the EPA is considering emissions reductions
credits from energy conservation — an important
new development for building efficiency
professionals, since this could pave the way for
documented procedures for financial
reimbursement for building energy conservation
from the state’ s emissions reductions funding.

This paper provides a detailed discussion of
the procedures that have been used to calculate
the electricity savings and NOx reductions from
residential construction in non-attainment and
affected counties using the eGRID database. The
previous paper by Haberl et a. (2004) presents
results from the application of the methodology
that is detailed in this paper.

BACKGROUND

In 2001, the Texas State L egislature
formulated and passed Senate Bill 5 to further
reduce ozone levels by encouraging the
reduction of emissions of NO, by sources that
are currently not regulated by the TNRCC,
including area sources (e.g., residential
emissions), on-road mobile sources (e.g., all
types of motor vehicles), and non-road mobile

sources (e.g., aircraft, locomotives, etc.)!. An
important part of this legislation isthe evaluation
of the State's new energy efficiency programs,
which includes reductionsin energy use and
demand that are associated with specific utility-
based energy conservation measures, and
implementation of the International Energy
Conservation Code (IECC 2001). In 2001 thirty-
eight countiesin Texas were designated by the
EPA as either non-attainment or affected areas’.
In 2003, three additional counties were classified
as affected counties®, bringing the total to forty-
one counties (sixteen non-attainment and twenty-
five affected counties). This paper provides a
detailed discussion of the procedures that have
been used to calculate the electricity savings and
NOx reductions from residential constructionin
non-attainment and affected counties. The results
from the application of the methodology
described in this paper were presented in Haberl
et a. (2004).

METHODOLOGY

In order to calculate the statewide NOx
emissions from the implementation of the 2000
IECC to residential construction a series of
methodol ogies were devel oped for calculating
the annual and peak-day energy use (electricity
and natural gas consumption) for buildings built
to representative pre-code construction and
comparing these to code-compliant construction
for prototypical buildings that represent average
construction practices in each county. These
savings were then assigned to specific counties

! In the 2003 Texas State |egislative session, the emissions
reductionslegislation in Senate Bill 5 was modified by House
bill 3235, and House hill 1365. In general, this new
legislation strengthens the previous legislation, and did not
reduce the stringency of the building code or the reporting of
the emissions reductions.

2 The sixteen counties designated as non-attainment counties
include: Brazoria, Chambers, Collin, Dallas, Denton, El Paso,
Fort Bend, Hardin, Harris, Jefferson, Galveston, Liberty,
Montgomery, Orange, Tarrant, and Waller counties. The
twenty-two counties designated as affected counties include:
Bastrop, Bexar, Caldwell, Comal, Ellis, Gregg, Guadalupe,
Harrison, Hays, Johnson, Kaufman, Nueces, Parker,
Rockwall, Rusk, San Patricio, Smith, Travis, Upshur,
Victoria, Williamson, and Wilson County.

® These counties are Henderson, Hood and Hunt countiesin
the Dallas — Fort Worth area.
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in the state and the electricity use traced back to
the power plants that supplied the electricity use
using the EPA’s eGRID database”.
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Figure 1. Procedures for the annual and peak-
day energy use calculations for 1999 residence
and 2000 IECC complaint residences

Calculation of Annual and Peak-day
Electricity Savingsin New Residential
Construction Figure 1 shows the overall
procedure for performing the energy savings
calculations. In the first step, the building
characteristics for the pre-code (i.e., 1999) and
the code-compliant house were identified. The
characteristics of the 1999 house were collected
using the baseline construction data from the
annual survey of the National Association of
Home Builders (NAHB 2000). These 1999 data
were assumed to represent the pre-code
construction practices for each county. Next, the
building characteristics for the code-compliant
house were defined by determining the
appropriate building envelope characteristics for
the 2000 IECC compliant new house for a
particular county. For the 1999 and code-
compliant data, the windows U-value and the
SHGC were converted to the DOE-2-required

4E-GRID, Ver. 2, isthe EPA’s Emissions and Generation
Resource Integrated Database (Version 2). This publicly
available database can be found at
www.epa.gov/armarkets/egrid/.
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glass conductance and the Shading Coefficient
(SC) values®. The 1999 and code-compliant
building characteristics were then input
separately into the standard DOE-2 input file as
PARAMETERS. Two simulations, one for the
1999 house and one for the code-compliant
house were then performed using the DOE-2.1e
simulation program with the appropriate TMY -2
weather data assigned to the county.

From the output files of the DOE-2
simulations for the 1999 and the code-compliant
houses, annual electricity, natural gas use, peak-
day electricity use, and natural gas use on the
peak-day for eectricity wereidentified (Figure 2
to Figure 5). To calculate annual electricity and
natural gas savings, DOE-2's BEPS (Figure 2)
and BEPU (Figure 3) reports were extracted
from the DOE-2.1e output files. The BEPS and
BEPU reports contain the simulated annual
building energy performance summary. From
these reports, the total annual energy use (Btu),
and total annual electricity (kwh) and natural gas
(therms) use were identified for both the 1999
and code-compliant houses.

To calculate the peak-cooling electricity
and natural gas savings, another procedure was
required. First, the DOE-2 report LS-A was
extracted from the output files for the 1999
house (Figure 4). ThisLS-A report makes it
possible to identify the time and date of the peak
cooling load for the pre-code house. Using the
same peak day from the report LS-A for the 1999
pre-code house, the electricity and gas use of the
pre-code and the code-compliant house for the
same peak-cooling day were extracted from the
hourly report (Figure 5). The peak-day €electricity
and gas savings were then calculated by
comparing the pre-code values against the code-
compliant values for each county using data from

® The DOE-2 program has several methods for entering
window properties, including the two digit Window type,
four digit window type (which callslibrary files previously
prepared by the WindowX program, and a method that uses
the glass conductance, and shading coefficient. Although the
four digit window entry routine is recognized to yield more
accurate values for high efficiency windows, it cannot be
used in a general purpose simulation where only the U-value
and shading coefficient are known, because the four digit
method relies on window properties read from library files,
which were previously created with the WindowX program
that used characteristics from an actual window, including
size and shape of the window.

Proceedings of the Fourteenth Symposium on Improving Building Systems in Hot and Humid Climates, Richardson, TX, May 17-20, 2004



ESL-HH-04-05-13

EPORT- BEPS BOILDING ENERGY PERFORMANCE SUMMARY LE- HOUSTON TX TMYZ2

ERERGY TYPE: ELECTRICITY HATURAL-GAS
UORITS: MBTU

CATEGORY OF UsSE

AREA LIGHTS 13.2 0.0
MISC EQUIEMT 13.2 0.0
HEAT 0.0 T.6
SPACE COOL 17.0 0.0
PUMPS & MISC 0.2 0.0
VENT 0.0
DOMHOT WATER 0.0 16.3
45.9 23.9
TOTAL S EHERGY E69.B6 METU 23.4 KBTOD T=-¥E AREA
TOTAL SOURCE EMERGY 161.75 MBTUO 54.2 KBTU/SQET-¥R M LEEA
PERCENT OF HOURS ANY SYSTEM Z0ME OOTSIDE OF THROTTLING RANGE = 0.0
FERCERT OF HOURS ANY PLANT LOAD NOT SATISFIED = Q.0
Figure 2: DOE-2 BEPSreport
REPORT- BEPU BUILDING EHWERGY PERFORMANCE SUMMAERY {UTILITY UHITS) WEATHER FILE- HOUSTOMN TX THMY2
ERERGY TYPE: ELECTRICITY HATURAL=GAS
SITE UMITS: EWH THEEM
CATEGORY OF UsSE
AREA LIGHTS 3854. 0.
MISC EQUIEMT 3854. .
SPACE HEAT Q. Ta.
SPACE CODL 4967, 0.
PUMPS & MISC E5. 0.
VENT FAHNS T21. 0.
DOMHECT WATER 163.
TOTAL 13460. 239.
ToTAL ELECTRICITY 13460. KWH 5.384 KWH /SQFT-YR GROSS-AREA 4.511 KWH FEQFT-YR HET-ARER
ToOTAL HATURAL-GAS 239. THEERM 0.09c THERM /S50 -¥E GROSS-AREA 0.080 THEEM FEQET-YE HET-ARER
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THREOTTLING RANGE = 0.0
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.0

Figure 3: DOE-2 BEPU report
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REPORT= L L SEACE PELK LOADS SUMMARY ITX TMY2
TIPLIER CCOLING LOAD TIME OF DRY- WET- TIME OF DRY- HET~-
SPACE MNaME ELOOR [KEBTO/HE] PEAK EULE BUOLE FEAK BUOLE BULE
EM=-1 1. 1. 5. F 76.F JEW 11 4 AM 14.F 15.F
GEARAGE-1 1 97 . F 78.F JEN 11 4 aM 18.F 15.F
suM £4.905
BUOILDING PEAK 63.6559 JUL 30 2 BM 89T7.F 74.F -59.501 JEN 11 4 aM 18.F 15.F
Figure4: DOE-2 LS-Areport
REP1 = HOURLY-REPORT REP1 = HOURLY-REPORT
FLANT END-TSE END-USE
TOTAL HEATING DHY HEAT
ELECTRIC FUEL FAl FUEL Pl
EW BTU/HE BTU/HR
-—--{10] ----115] ----(18)
730 1 0.830 730 1 500.000 1708.971
730 2 0.8s0 730 2 500. 000 1708.971
730 3 0,880 730 3 500. 000 1708.971
730 4 0.8a0 730 4 500. 000 1708.971
730 5 a.8a0 730 5 500.000 1708.971
730 8 0,880 730 6 500.000 1708.971
730 7 1.710 730 7 500.000 1708.971
730 8 Z.425 730 8 500.000 1708.971
730 9 z.821 730 @ 500.000 1708.971
73010 5,523 73010 500. 000 1708.971
73011 4,347 73011 500.000 1708.971
73012 4. 386 73012 500.000 1708.971
73013 4,880 73013 500.000 1708.971
73014 4,928 73014 500.000 1708.971
TA0LE 5.002 73015 500. 000 1708.971
73016 4,858 73016 500.000 1708.971
73017 4. 494 73017 500.000 1708.971
TA01E 4,119 73015 500.000 1708.971
73019 3.414 73013 500.000 1708.971
73020 2.682 73020 500.000 1708.971
73021 2.167 73021 500.000 1708.971
73022 1.960 73022 500. 000 1708.971
73023 1.654 73023 500.000 1708.971
73024 1.563 73024 500. 000 1708.971
0 DAILY SUMMARY [JUL 30) 0 DAILY SUMMARY (JUL 30)
m 0. ean Mm 500. 000 1708.971
2 5. o0z mx 500. 000 1708.971
sm 66. 247 5M 12000. 000 41015. 289
iV T I\ 500.000 1708.970

Figure5: DOE-2 hourly report for one day.
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Table 1: PUCT power suppliers by county (Obtained from PUCT website, http://www.puc.state.tx.us.
November, 2002) (Part a).
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Figure 6: Annual and peak-day NO, emission
reductions cal culation.

Calculation of NOx Emissions From Code
Implementation in New Residential Construction
Using eGRID The next steps in the methodol ogy
involved multiplying the DOE-2-cal cul ated
electricity and gas savings (annual and peak day)
from the comparison of the pre-code to code-
compliant construction times the number of new
units in each county to obtain the county-wide
electricity and gas savings (annual and peak day)
as shown in Figure 6. Next, the county-wide
electricity savings were then adjusted to account
for transmissions and distribution losses’ (T&D
losses). Then, a utility company was assigned to
each county using the Texas Public Utility
Commission’s (PUCT) listing of utility
providers® (Table 1: and Table 2:). After this
step, the 38 counties were grouped according to
utility (i.e., PCA) as shownin Table 3. This

® The dates for these peak-cooling days across the 41
counties are non-coincident, which is assumed to give results
that are the most consistent with the measured weather data
for the EPA’s episode days for 1999 (Dallas-Ft. Worth), and
2000 (Houston, Galveston, Beaumont, Port Author). Use of
coincident peak across different TMY -2 weather files gives
lower temperature values.

" These T& D |osses were assumed to be 20% for the 2003
calculations.

8 For the cal culations performed for the 2003 Annual report,
thefirst utility listed for each county was assumed to be the
only utility for that county.
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grouping was performed to alow for the total
utility electricity savingsto be input into the
EPA’s eGRID database.

For a given region, eGRID produces a
meatrix such as that shown in Table 4, which
shows the pounds of NOx per MWh produced by
aspecific utility in each county®. In Table 4 the
counties are listed alphabetically in each row,
with the utilities listed in each column. The
bottom row of Table 4 gives the total |bs-
NOx/MWh for each utililty, which represents the
NOx emissions from all the utility plants that
serve that utility. Each individual row in Table 4
gives the IbssNOx/MWh produced in each
county, which includes the emissions from all
utilities that have plants located in that county. A
large value in agiven cell of arow for a utility
provider indicates large power generation
facility.

Toal Evmangy' | Toshal Evia |
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Table 3: Calculation table for energy use by
PCA

® The information shown is from the November 2002 edition
of the eGRID database, provided by Art Diem at the
USEPA.
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County-wide MOx Reductions in pounds per MWh for EE/RE implernented in each listed PCA
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Table 4: EPA’s eGRID table: County-wide NOXx reductions in pounds per MWh for EE/RE implemented in
each listed PCA (Received from USEPA November 2002).

Thevauesin eGRID are assembled for agiven
period of time and represent the measured NOx
emissions for agiven utility divided by the total
power production for agiven plant.

Before the eGRID database could be used it
needed to be modified, as shown in Table 5.
First, the non-attainment and affected counties
(i.e., rows) that did not contain electric utility
generation facilities were added to the matrix as
shown in Table 5. These additions appear as
rows that have 0.00 Ibs-NOx/MWh values since
they represent counties that did not contain
power plants for the utilitieslisted in the
November 2002 version of eGRID™. After all 38

0 The utilities listed in the 2002 eGRID include: American
Electric Power (AEP), Austin Energy, Brownsville Public
Utility Board, Lower Colorado River Authority (LCRA),
Reliant Energy, San Antonio Public Service, South Texas

counties had been added to the modified eGRID
database, each column of eGRID was expanded
to include amultiplier as shown in Table 5.
These multipliers were used to cal culate the Ibs-
NOx/MWh for each MWh saved by the utility,
which isthe row bottom of Table 5. Calculation
of the annual NOx reductions and peak-day NOx
reductions by county™ was then accomplished
by adding across each row, which yields the
Total NOx reductions shown in the far right
column of Table 5. The valuesin this column

Electric Coop, Texas Municipal Power Pool, Texas-New
Mexico Power Company, and TXU.

™ The calculation of annual NOX reductions required the
input of annual savings of MWHh/utility in the bottom row of
the table. Similarly, the peak-day NOx reductions required
the input of peak-day savingsin MWHh/tility in the bottom
row of the table.
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were then used to report the NOx reductions for
each county, such asthose shown in Figure 7.
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Table 5: Modified eGRID database for calculating NOx emissions by the 38 non-attainment, and affected

Calculation of Peak Day Electricity Savings
Calculated From Monthly Utility Billing Data. In
Section 388.005 of the Texas Emissions
Reduction Plan (TERP) political subdivisions
(i.e., city and county governments) are required
to establish agoal to reduce their electricity
consumption by 5 percent per year beginning
January 1%, 2002. Unfortunately, savings were
then reported to the Texas State Energy
Conservation Office as kWh/year, which were
then divided by 365 to obtain average daily NOx
reductions. For savings associated with cooling-
related loads, this can lead to severe
undercounting, which has been shown to be as
much as 100% in residences'™.

*2 For more information about the 2:1 differencesin the peak-
day NOx reductions versus average daily NOx reductions see
the report by Haberl, J., Culp, C., Yazdani, B., Fitzpatrick,
T., and Turner, D. 2002. “Texas Senate Bill 5 Legidation 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).

counties.

To improve the reporting of peak-day NOx
reductions from utility billing data, a method was
developed to extract peak-day electricity
reductions from monthly utility billing data as
shown in Figure 8 and Table 6. In Figure 8 the
simulated electricity useis shown for two
identical single-family residences, with the
exception that oneis built to the NAHB's pre-
code specifications, and one built to code-
compliant specifications™. In part (a) of Figure
8 the simulated monthly electricity use of the
pre-code house is plotted versus average monthly
temperature with a three-parameter, weather-
dependent model shown super-imposed over the
data. This three-parameter model, which was
calculated with ASHRAE' s Inverse Model
Toolkit (IMT) (Kissock et a. 2003, Haberl et al.

%3 For more information about the pre-code and code-
compliant simulations see the report by Haberl, J., Culp, C.,
Yazdani, B., Fitzpatrick, T., Turner, D. 2003b. “Energy
Efficiency/Renewable Energy Impact in the Texas Emissions
Reduction Plan (TERP): Volume 1: Summary Report”,
Energy Systems Laboratory Report No. ESL-TR-05/03/12-
03, Texas A&M University (December).
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Figure 7: 2003 peak eay NOx reductions from electricity and natural gas savings due to the 2000 IECC for
single-family and multi-family residences by county.

2003), is used to predict the house’ s peak-day Table 6 contains a comparison of the peak-
electricity savings using the model’s daily daily electricity use extracted using the described
coefficients (shown directly below the plot) method versus the actual peak-daily electricity
times the peak daily temperature. In part (b) of from the DOE-2 simulation of the pre-code and
Figure 8 the simulated monthly electricity use of code-compliant house. According to the

the code-compliant house is plotted versus simulation, the peak day on the TMY -2 Houston
average monthly temperature with a three- weather file was July 29", which had an average
parameter, weather-dependent model shown temperature of 85.2 F. On this day the DOE-2
super-imposed over the data. simulation calculated an electricity use of 65.74
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Peak Day Daily ng%l?ticgégyk Daily Electricity Difference
(DOE-2 Temperature Day (KWhday) Use for the Peak (DOE-2 Hourly vs.
LS-A for the Peak (DéE-Z Hour{ Day (kWh/day) IMT Mot )y
Report) Day (F) data) y (IMT 3PC Model) y
1999
Standard Jul 29 85.2 64.44 1.98%
House
IECC Jul 29 85.2 56.34 0.76%
House
Peak-day o
Savings 8.10 9.5%

Table 6: Comparison of peak-day electricity savings from 2000 IECC for simulated vs. estimation using

monthly utility billing data analyzed with ASHRAE's IMT.
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Figure 8: Estimation of peak-day electricity use
from monthly utility billing data using
ASHRAE's IMT.

kWh/day for the 1999 pre-code house, which
was well matched by the monthly regression
model that predicted 64.44 kWh/day (1.98%

difference). In asimilar fashion, the DOE-2
simulation calculated an electricity use of 56.78
kWh/day for the code-compliant house, which
was also well matched by the monthly regression
model that predicted 56.34 kWh/day (0.76%
difference). The electricity savings predicted by
the hourly DOE-2 simulation was 8.96 kWh/day,
which was also well matched by the monthly
regression that predicted 8.10 kwh/day (9.5%
difference), which is acceptable considering that
hourly data are not available for most existing
buildings. Therefore, this method is being
proposed for use in improving the peak-daily
electricity savings from buildings that report
their savings with utility billing data.

SUMMARY

This paper has presented a detailed
discussion of the procedures that have been used
to calculate the electricity savings and NOx
reductions from residential construction in non-
attainment and affected counties. These
procedures use the EPA’s eGRID database, as
well as utility supplier data from the Texas PUC
to translate county-wide electricity savings to
power plant NOx reductions. A procedure has
also been presented that extracts peak-daily
electricity savings from monthly utility billing
data, including a comparison of the method
versus simulated peak-daily electricity savings
for a house built to pre-code and code-compliant
specifications. Results of the application of these
procedures are reported in companion paper by
Haberl et al. (2004).
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