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ENERGY SYSTEMS LABORATORY

Texas Engineering Experiment Station
Texas A&M University System

3581 TAMU
College Station, Texas 77843-3581

December 19, 2003

Chairman Kathleen Hartnett White
Texas Council on Environmental Quality
P. O. Box 13087

Austin, TX 78711-3087

Dear Chairman White:

The Energy Systems Laboratory (ESL) at the Texas Engineering Experiment Station of
the Texas A&M University System is pleased to provide its second annual report
“Energy Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan
(TERP)” as required under Texas Health and Safety Code Ann. § 388.003, (e) (2) (a) &
(b), Vernon Supp. 2002 (Senate Bill 5, 77R as amended 78 R & 78S).

The ESL is required to annually report the energy savings from local municipality and
county enforcement of the Texas Building Energy Performance Standards created by SB
5, as amended, and report the relative impact of proposed local energy code amendments
in the 41 Texas non-attainment and affected counties as part of the Texas Emissions
Reduction Plan (TERP).

Please contact me at (979) 862-8480 should you or any of the TCEQ staff have any
questions concerning this report or any of the work presently being done to determine
emissions reductions from energy efficiency and renewable energy measures as a result
of the TERP.

Sincerely,

/@M/JU/MW

W. Dan Turner, P.E.
Director

Enclosure

cc: Commissioner R. B. “Ralph” Marquez
Commissioner Larry R. Soward

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 2

Disclaimer

This report is provided by the Texas Engineering Experiment Station (TEES) as required under Section
388.003, (e) (2) (A) & (B) of the Texas Health and Safety Code and is distributed for purposes of public
information. The information provided in this report is intended to be the best available information at the
time of publication. TEES makes no claim or warranty, express or implied, that the report or data herein is
necessarily error-free. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement,
recommendation, or favoring by the Energy Systems Laboratory or any of its employees. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the Texas Engineering
Experiment Station or the Energy Systems Laboratory.
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VOLUME Il - TECHNICAL REPORT

Energy Efficiency / Renewable Energy Impact
In The Texas Emissions Reduction Plan

1  Executive Summary

The Texas Emissions Reduction Plan (TERP), established by the 77" Texas Legislature with the enactment
of Senate Bill 5 (SB 5), states that energy efficiency and renewable energy (EE/RE) measures are needed to
meet the minimum federal air quality standards. The 78" Legislature further enhanced the use of EE/RE
programs for meeting TERP goals by requiring the Texas Council on Environmental Quality (TCEQ) to
promote the use of energy efficiency as a way of meeting the federal air quality standards and to develop a
methodology for computing emissions reduction for the SIP from energy efficiency.

Energy Savings and Resultant NOx Emissions From Energy Code Compliance. To achieve energy savings
in new construction, SB 5 mandates statewide adoption of the International Residential Code (IRC) and the
International Energy Conservation Code (IECC) for residential, commercial and industrial buildings. The
Energy Systems Laboratory (Laboratory) at the Texas Engineering Experiment Station of the Texas A&M
University System is responsible for determining the energy savings from energy code adoption and to
report annually to the TCEQ.

Using data available from the TCEQ, the EPA, and others and new procedures developed by the
Laboratory, the annual energy savings calculated in 2003 from energy-code compliant new residential
construction in non-attainment and affected counties were 252,238 megawatt hours of electricity and
887,564 million Btus of natural gas. The resultant annual NO, reductions were 473 tons. On a peak
summer day in 2003, the NO, emissions were 2.44 tons.

Impact of Local Energy Code Changes. SB 5 also requires the Laboratory to assist municipalities and
counties to determine the energy savings of proposed local code amendments relative to the Texas Building
Energy Performance Standards (TBEPS) and to report its findings annually to the TCEQ. The Laboratory
reviewed proposed code amendments from the City of Houston and the North Central Texas Council of
Governments (NCTCOG). The proposed changes by the NCTCOG were found to be substantially
equivalent to the TBEPS. The analysis of the extensive changes proposed by the City of Houston had not
been completed by the time of this report.

Laboratory SB 5 Related Activities and Technology Development in Support of TERP. The report also
provides a summary of the Laboratory-related TERP activities; outlines for critical review, the
methodologies under development for calculating energy savings and emissions reduction from energy
efficiency; and provides valuable insights into the effectiveness of additional EE/RE measures,
technologies, and energy reduction strategies for existing buildings currently not covered by the TERP.

The Energy Systems Laboratory provides the second annual report, Energy Efficiency/Renewable Energy
(EE/RE) Impact in the Texas Emissions Reduction Plan (TERP) to the Texas Commission on
Environmental Quality (TCEQ) in fulfillment of its responsibilities under Texas Health and Safety Code
Ann. 8 388.003, (e) (2) (a) & (b) (Vernon Supp. 2002).

If any questions arise, please contact us by phone at 979-458-0675, or by email at SB5info@esl.tamu.edu.
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TERP Technical Report p. 4

ACKNOWLEDGEMENTS

This project would not have been possible without the support that was provided by the Texas State
Legislature, under Senate Bill 5. The authors are also grateful for the timely input provided by the
following individuals, and agencies: The Senate Bill 5 Stakeholders, who provided helpful insight into
construction practices, air-conditioning equipment, and window performance information. Mr. Joe Huang
and Dr. Fred Winklemann at LBNL, who provided helpful advice on the many DOE-2 questions, Mr. Jim
Mullen, Lennox International, and Mr. Dick Cawley, Trane Corporation, for help with the Air Conditioner
calculations. Mr. Art Diem, USEPA for providing the eGRID database. Mr. Thomas Smith, Texas Public
Citizen, for frequent discussions about strategies for emissions reductions. Mr. Steve Anderson, TCEQ, for
providing helpful insight about improvement to the Emissions Reduction Calculator.

Numerous individuals at the Laboratory also contributed significantly to this report, including: Mr. Don
Gilman, Ms. Vivian Yu, Mr. Malcolm Verdict, Mr. Piljae Im, Mr. Seongchan Kim, Ms. Chayapa
Chaoncharoensuk, Ms. Jaya Mukhopadhyay, and Mr. Soolyeon Cho.

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p.5

TABLE OF CONTENTS
1 EXECULIVE SUMIMEIY ...ttt bbbttt s b et b et se e b et ebe et et ene e e eneas 3
2 OVBIVIBW ...ttt bbbttt b ekt h e e h e Rt e R b et e b e e bt eb e e b e e Rt e R e e e e b e nbeeb e et e e neen e e e eneas 13
2.1 Legislative BaCKgroUNG............ooiiiiiiiiieii et 13
2.2 Laboratory Funding for the TERP .........ccciiiiii e s 14
2.3 Progress INFY 2003.......oo ot s bbb ae s 14
2.4 Energy and NOx Emissions Reduction From New Residential Construction...........c..ccccceevae.. 14
2.5 Review Of Proposed Local Energy Code Changes .......ccccveverierereieseeeerieseesesiesveseeseeseeseenees 15
2.6 Technology For Calculating And Verifying Emissions Reduction From Energy Used In
2T o [T S 15
2.7 Procedures For Calculating Energy And Emissions RedUCTION ...........cccoereiieneiicnieiienienens 16
2.8 Evaluation Of Additional Technologies For Reducing Energy Use In Existing Buildings....... 16
2.9 Recommendations For Enhancing EE / RE Emissions Impacts In The TERP..........cc.cccceenee. 16
2.10 Planned FOCUS FOI 2004 ...ttt bbb bt e s 17
3 INTRODUCTION ... .ctitiieititeiiee sttt sttt tesbe ettt sbe s aetesbe e e teabesaeteabeseetesbeseetesbeseatesbesenrens 18
3.1 T T3 (o (01U To PSSR 18
3.2 Energy Systems Laboratory’s Responsibilities in the TERP............cccccoveveveni s, 23
3.2.1  (SBb5) Section 386.205 - Evaluation Of State Energy Efficiency Programs (w/PUC).......... 23
3.2.2  (SB5) Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards..... 23
3.2.3  (SB5) Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality. ............ 23
3.24  (SB5) Sec. 388.007. Distribution Of Information And Technical Assistance. ..........c......... 24
3.25  (SB5) Sec. 388.008. Development Of Home Energy Ratings. .........ccoevvvireiiineneiniennnns 24
3.2.6  (HB 1365) Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality....... 24
3.2.7  (HB 1365) Sec. 388.009. Energy-Efficient Building Program. ...........cccccocvvvvivnivninnnnennnns 24
3.28  (HB 3235) Sec. 388.009. Certification of Municipal INSPeCtors. ...........ccocvvererinieninieniens 25
4 PROGRESS: SEPTEMBER 2002 TO AUGUST 2003 .......ccccooiiirieiiinieisesieiee e e seese s 26
4.1 (SB5) Section 386.205 - Evaluation Of State Energy Efficiency Programs (w/PUC). ............. 26
4.1.1  Held Preliminary Meetings with PUC to Discuss Procedures for Evaluating State Energy
N oL a0V o 00 Uy 4TSS 26
4.2 Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards. ................... 26
4.2.1  Created Senate Bill 5 Stakeholders GroUp.........ccccvcveriere s 26
4.2.2  Builder’s Guide (Version 1.04) PUBIIShEd..........ccccvoiviiiieiirr e 26
4.2.3  Review of LoCal AMENAMENTS .....eiuiiiiiieie et st 26
4231 North Central Texas Central Council of Governments (NCTCOG) .........ccocevvveriennn 26
4232 CILY OF HOUSTON ...ttt 27
4.24  Requested by EPA to Approve Energy Star as Above Code for Texas........cocovveverveieereenn. 27

4.25 Requested to Approve REMRate and EnergyGauge USA as Alternative Compliance Path.27
4.2.6  Estimated NOx Reduction Potential From Implementation of the IECC / IRC to New

RESTABINCES ...ttt ettt ettt ettt et e bt et e e b et e b e e b et e beeb et e beabe st eteabe e eteabeneereas 27
4.2.7  Development of an Analysis Plan to Report Energy Reductions and Link to Emissions
(=T [1Tox 1] o OO SOPRPSPPPPIN 28
4.3 Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality. ........c..ccccevernennn. 28
4.3.1  Self-Certification Form (Version 1.04) PUBIIShed..........c.cccovvviviiiiicicie e 28

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 6

4.4 Sec. 388.007. Distribution Of Information And Technical ASSIStance. ........c.ccocvvevevvvrverereennn. 28
4.4.1  Laboratory’s Senate Bill 5 Web Site Operational “eslsh5.tamu.edu”............ccccooevvvnienennn. 28
4.4.2  Web Site for the Emissions Reduction Calculator Developed...........cccocveiviiiiinienieienennn. 29

4421 Prototype Emissions Reduction Calculator (Beta 1.0, “eslsb5ec.tamu.edu”). ............ 29
4422 Enhancements to the Emissions Reduction Calculator. ...........ccccoooeveniiieniiinieinis 33
44.2.3 Developed new Emissions Calculation Procedures Using eGRID Matrix.................. 33
4424 Developed Emissions Calculation Procedures For NOx Emissions From Residential
Natural Gas Savings Due to Implementation of IECC / IRC. ........cccccooviieieiiin i 41
4.4.25 Developed Preliminary Code-traceable Input Files for Fuel-neutral Single-family
Residential, Multi-family, and Commercial DOE-2 Simulations. ..........c.cccoovvevivniviivsiecieeneiesiens 42
4.4.3  Developed Documentation for Code-traceable Simulations. ..........cccceevevevievivsnsieccicsesenn, 44
4.4.4  Analyzed Impact of Proposed 2005 IECC / IRC Code Changes. ........c.ccccvereireneninenieeans 45
445  Developed and Tested Procedures for Cross-checking Simulations Against Utility Billing
Data. 45
4.4.6 Developed and Tested Input Form for the Use of Site Inspections to Verify the Simulations.
46
4.4.7  Provide TrainiNg SESSIONS .......ccceieieeieiiieiieitestesesteseseesieseeste e srestasseeseessessessesrestessesssessenses 46
4.4.8 Responding to About 40 to 60 Calls Per WEEK ........ccceveiiiiii i 46
4.4.9  Develop Analysis for Residential Efficient Lighting Program ..........c.ccccocevvvviennsieniicienennn, 47
4.4.10 Develop Analysis for Proposed Texas Tune-up Program........cccccoeverieresnseseeseeneeneenns 47
4.4.11 Wrote and Delivered Papers on the Prototype Emissions Reduction Calculator. ............ 48
4.4.12 Analyzed RESChECK SOFIWAIE. .....c.coveiiieiicescec e 48
4.4.12.1  Test Procedure for REScheck-web SOftWAre. .........cooeveriiieiieiecce e 49
4.4.12.2 Results of REScheck-web Comparison Against the Laboratory’s IECC Code-
TrACEADIE SOTEWAIE. .. ..t ettt see b ste s neer e e e enee e 49

4.5 Sec. 388.008. Development Of Home Energy Ratings. .........ccocuveiiriniene i 57
45.1  Development of a Standard Input File for Code Compliance Testing.........ccccovvvvvereeiieneenn. 57
45.2  Investigated effect of thermal mass on Simulation............coccoiiiiiniiiin e, 57

5 RECOMMENDATIONS FOR REPORTING ENERGY SAVINGS AND EMISSIONS

REDUCTION ACCEPTABLE TO THE EPA FOR SIP CREDITS ....ccoooiiiieieeeeenie e 60
51 The TCEQ Should Develop Standardized Methods for Reporting NOx Reductions, Including
Adjustments to Electricity Savings Needed for the eGRID Program. .........ccccveiveverereniesiesnsiesseeneeseenns 60
5.1.1 Review of Nationally Accepted Protocols for Measurement and Verification of Energy
CoNSErVatioN RELIOTILS. ...iiiiiiieice ettt saeere e eneeneens 60
5.1.2 The TCEQ should Develop Standardized Calculations of Emissions Reduction................. 63
5121 The TCEQ Should Develop Standardized Calculations in Facilities With Monthly
ULHIEY BIITING DALA. ....cveitiiteeieiie ettt st sbe bbbt e e enee e 64
5122 The TCEQ Should Develop Standardized Calculations for Street Lighting and Traffic
Signal Lighting IMPrOVEMENTS. .........oiiiiiiiiiiee et bbb bt 64
5.1.2.2.1 Street Lighting RetrofitS. ........ccooiiiiiiiiiicic e 64
5.1.2.2.2 Traffic Signal Lighting Retrofits. .........ccccoiiiiiiiiiic e 65
5123 The TCEQ Should Develop Standardized Calculations for Solar Thermal Installations.
65

5124 The TCEQ Should Develop Standardized Calculations for Solar PV Installations. ... 66
5125 The TCEQ Should Develop Standardized Calculations for Wind Energy Installations.

66

5.1.3 The TCEQ Should Develop Standardized Calculations of Emissions Reduction From PUC’s

SB5 aN0 SB7 PrOGIAMS......c.viiiitiieiiitiieetiate sttt sttt ettt b e eb bbbt b se bt e s bt b ese b e b s eb e b e ans 66

5.1.4  Example Calculation of Peak Day Electricity Savings Calculated From Monthly Utility

271 | T To [ I L OO P RSP 67
5.2 Recommendations for Additional NOX RedUCTIONS .........cccoiiiiiiiiiiiiiee e 69

5.2.1  The TCEQ Should Further Evaluate Reducing NOx Emissions by Implementing a Texas

Tune-up for BUilding HVAC SYSIEMS ........cociiiiieie ettt sttt st sn s 69

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 7

6 TECHNOLOGY OF REPORTING & VERIFYING EMISSIONS REDUCTIONS FROM

ENERGY USED IN NEW BUILDINGS .......coviiitiiiisici et 71
6.1 Procedures for Calculating Electricity RedUCHIONS...........cccoiiiiiiiiiiiice e 71
6.1.1  ReSidential BUIIAINGS.........cooiiiiiiiiiiie ettt 71
6.1.1.1 Residential: NeW CONSIIUCTION.........coiiiiiiiiieiie e 71
6.1.1.1.1 Calculating baseline energy use of Nnew ConStruction............ccccocevvvvienveieeveciesnenn, 72
6.1.1.1.2 Calculating code-compliant energy use of new construction. ..........cc.ccccevvevvernennn. 72
6.1.1.1.3 Reconciliation of the Total SAVINGS. .......ccccceveiiiieiiciecce e 73

6.1.1.2 Residential: EXisting CONStIUCHION.........cccvviviieieriee s 74

6.1.2  Commercial/Industrial BUildiNgS.......c.coveriieiiiisiiiee e 83
6.1.2.1 General Description Of ProCedUIe. ........ccccviiieiiee e 83
6.1.2.2 Reconciliation of the total SAVINGS. ........ccoiriiiiiiiie e 85
6.1.2.3 Commercial/Industrial Buildings: Existing CONSIrUCLION .........cc.coovvenernienenineneene 86

6.1.3  Renewables Applied t0 BUIlAINGS........ccoiiiiiiiiiieeee e 86
6.1.4  Calculation of Total Annual County-wide IECC /IRC Electricity Reductions................... 86
6.2 Procedures for Calculating NOX Emissions RedUCTION. ...........cccooiiiiiiiiis i 93

7 TECHNOLOGIES FOR REDUCING ENERGY USED IN BUILDINGS (UPDATE TO 2002

{0 I TSSOSO 103
7.1 BUIING ENVEIOPE .....c.eiiiiciecece ettt et sttt sreste e enee e 103
711 NEW CONSLIUCTION ...ttt sb e et ettt sb e et sbe e eteebeneere 103
7.1.2  EXIStING CONSIIUCLION ....cvviiiiiiecii ettt st sre e ena e e s 103
7.2 Lighting/Day lighting .......cveiveiiii et sneera e 103
721 NEW CONSIIUCTION ..cuviiieiic ettt re s be et e et e et e st e e st e e sbeesreeneesnneens 104
7.2.2  EXIStING CONSIIUCTION ....viviiiiiiieieieit ettt bbb e sr e 104
7.2.3  Increased use of Compact FIUOIreSCeNt LamMPS.......ccoiirieiierieinerieenie s 104
7.3 F AN o] o] [T T o= USSR OPRR 105
7.3 1 RESIABNTIAL ..ot bbb b bttt 105
7.3.2  Commercial BUIlAINGS .......o.ooiiiiiiiiee e 105
7.4 Heating/Co0liNg SYSIEIMS .......ciiiiiitiie sttt sr et e besbeste e e eneeseens 106
7.4.1  Residential: New or EXisting CONStIUCHION........c.couiviiieiiiniie e 106
7.4.2  Commercial BUIAINGS........ccciiiiiiieiie et 107
7421 NEW CONSIIUCTION ..ttt 107
7.4.2.2 OIS (o J O] TSy Tod o] o 107

75 Low NOx Combustion Technologies for Building SyStems ..........cccocvevevvnievienivninnceienees 108
7.6 INAUSEFIALL.....ecee e b e e s te e be e s be et e e abeebbesbaesbeesreeresnneans 108
7.7 L@ ] TP 108
T.7.1 RESTAUIANTS ...ttt ettt bbbt bt e et he e e bt e bt e st e e b b e et e e st e e sbeenbeenesnnesnes 108
T.7.2  GIOCEIY STOTES ...tieitiite ittt ettt ettt b e b et ekt e ae e she e e bt e bt e s bt as b e et e e sbeesbeenbeenesnnesnes 109
7.8 RENEWADIES. ...ttt st bbbt e 109
7.8.1  Solar Thermal SYSIEMS ........cccviiiiiiieiiiie et e e e re e nre e 109
7.8.2  Solar PV, and BIPV SYSIEMS.......c.cciiiiiieiiiiie sttt sttt st te et ne e e 109
7.9 Thermal Comfort and INdoor Air QUAILY ........oviviriiiiiiiisies s 109

8 CALCULATED NOx REDUCTION POTENTIAL FROM IMPLEMENTATION OF THE IECC
/IRC 110

8.1 Calculations Required for Analyzing Implementation of IECC/IRC........ccccoevivviivivcinnnne 110

8.2 Calculations of 2003 Emissions Reduction From Implementation of the IECC / IRC to New
Single-family Residential CONSIIUCTION. .........ciruiiiiriiiiiee e 110

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 8

8.2.1 2003 Results for New Single-family Residential Construction. .............cccccoveviereiencnniens 110
8.2.2  Tracing the Savings to Individual Measures: Harris County and Tarrant County.............. 112
8.2.2.1 HAITIS COUNTY. ...ttt bbbttt e e bbbt e 112
8.2.2.2 TATANT COUNLY. c.eeiieiee ettt b ettt e st e b e sbe e e enes 114
8.2.3  SUMIMAIY ...ttt b et bttt b e e e bt e bt e s bt eh b e nb e e st e e nbeenbeenneannennes 115
8.3 Calculated 2003 Emissions Reduction From Implementation of IECC / IRC to New Multi-
L1001V O a3 {0 Tod 1 o] o SR 128
8.3.1 2003 Results for New Multi-family Residential Construction. ...........ccccccoeevvviviireieinennenn, 128
8.3.2  Tracing the Savings to Individual Measures: Dallas County and Tarrant County.............. 130
8.3.2.1 L Fo L SO0 U ) Y2 130
8.3.2.2 JLIE: L 100U 131
81303 SUIMMAIY ...ttt ettt e bRt bbbt nn e ar bt r e 133
8.4 Calculated 2003 Emissions Reduction From Electricity and Natural Gas Savings Due to the
Implementation of the IECC / IRC to New Residential Construction (Single-family and Multi-family).
144
9 REFERENGCES...... .ottt sttt sttt st st et e et ettt et e s be st e sbeeaeebb e s e beste st e sbesbeebae s entees 150
IO N o o 1 1 PSS 153
10.1 Residential BUIIAEI™S GUITE. ......ceiiveiiiiiiiiecre ettt sttt ebe b be et esra et s 153
10.2 Code Compliance Form for Residential Areas. ..........ccccveiereieiieiesieieieese e se s e seeee e 155
10.3 Laboratory’s Letter Regarding U.S.E.P.A.’s Energy Star New Homes Program.................... 157
10.4 Laboratory comments on Project No. 22241 filed with the Texas Public Utilities Commission
(0] QT ® ot (o] oT=T B TR0 0SS 162
10.5 Laboratory’s Letter to Representative Chisum Regarding Analysis for Proposed Residential
Efficient Lighting PrOgIaM.........cooiiiiioieie ettt sttt sneste e en e e enees 166
10.6 Laboratory’s Letter to Texas Public Citizen Regarding Analysis for Proposed Residential
Efficient Lighting Program and Texas TUNe-UpP Program..........ccocueeeerereneneneeeeieesie e 167
10.7 Detailed Analysis to Support the Laboratory’s Letter to Texas Public Citizen Regarding
Analysis for Proposed Residential Efficient Lighting Program and Texas Tune-up Program. ............. 169
10.7.1 Detailed Analysis of NOx Emissions Reduction from Commissioning of Commercial
Building HVAC Systems: TEXAS TUNE-UP. ....ccververrerieireieaeeriersestessessessessessessesssessessessessessesssssssessses 169
10.7.2 Detailed Analysis of NOx Emissions Reduction from Compact Fluorescent Incentive

Program. 170

10.8 DOE-2 parameters for REScheck Comparison Versus the Laboratory’s IECC Code-traceable
SIMUIALION (SECLION 4). ...ttt bbbt bbbt sb bt 173

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 9

TABLE OF FIGURES

Figure 1: EPA Non-attainment (dark shade) and affected counties (light shade)...........cccooiiiiniiinnenn. 20
Figure 2: Available NWS, TMY2 and WYEC2 weather files compared to IECC / IRC weather zones for
L2 ST T TP TP TR TR PROPRUUP 20
Figure 3: 1999 Texas county population for non-attainment (dark shade) and affected (light shade) counties
(SOUICE: U.S. CBNSUS). ..vevrerierietieieestes e stestesteesteseesbestesbestesteeseessesaesaesbesbesbeabeeseesee s etestestestesneereeneeneeses 21
Figure 4: 1999 Housing units by county (Source: RECenter 2002). ........cccoevveieeieeiieie e e sreseeeesee e 21
Figure 5: 1999 Residential building permits by county (Source: Real Estate Center, TAMU).......c.ccco..... 22

Figure 6: Map of 1999 residential building permits by county (Source: Real Estate Center, TAMU) ........ 22
Figure 7: Laboratory’s Senate Bill 5 web page for providing information about implementing the IECC /

(SRS 29
Figure 8: The Emissions Reduction Calculator: ENtering Page...........ccocvviireiiiieineneeseseesie e 30
Figure 9: The Emissions Reduction Calculator: Main Page. .........cccouiiiiiiiiiieiinieiee e 31
Figure 10: The Emissions Reduction Calculator: House Details Page. .........ccocerireiiriiiencneiisecieie e 31
Figure 11: The Emissions Reduction Calculator: Simulating the Energy Savings.........ccccocevevriiieniieinnenne. 32
Figure 12: The Emissions Reduction Calculator: RESUILS Page........ccccevveieiiieiicieeiicie e 32
Figure 13: The Emissions Reduction Calculator: Results Page FOOtNOte. ..........cccovevveveviiive e, 33
Figure 14: Texas electric retail service map (Source: ERCOT 2002). .....cccocvvieieeeeiieiieiresesiesreseseesee e 35
Figure 15: Comparison of Peak Day Versus Average Daily NOx Reductions From Electricity Savings for

the 38 Non-attainment and Affected COUNLIES. ..o e 35
Figure 16: Distribution of 2002 Peak day Electricity Savings Due To the IECC / IRC (Single Family

RESTABNTIAL ...ttt b ettt b ettt b e et ab e et abe et 39
Figure 17: 2002 Peak day Electricity Savings Due To the IECC / IRC (Single Family Residential)........... 39
Figure 18: Distribution of Power Plant Peak Day NOx Reductions Due To The IECC / IRC (Single Family

RESTABNTIAL ...ttt bbbt bt bt e se et e b e b sb et e bt e bt e e e b e 40

Figure 19: Power Plant Peak day NOx Reductions Due To The IECC / IRC (Single Family Residential) 40
Figure 20: Comparison of Peak Day Versus Average Daily NOx Reductions From Natural Gas Savings for

the 38 Non-attainment and Affected COUNLIES. .........coviiiiiiiiie e 42
Figure 21: lllustration of Existing Single-family Residential IECC Code-traceable Simulation ................. 43
Figure 22: lllustration of New Two-story, Single-family Residential IECC Code-traceable Simulation with

Selectable CrawlSPace/SIab. ........ccciiiiiiiieec e e 43
Figure 23: lllustration of Multi-family Residential IECC Code-traceable Simulation...........cc.ccoceeverernennn. 44
Figure 24: lllustration of Commercial Office Building IECC / IRC Code-traceable Simulation................. 44
Figure 25: Proposed New Climate Zones for ICC 2003/2004 Climate ZONES. ........ccccerveerereeneneieseneens 45
Figure 26: Sample REScheck-web Compliance CertifiCate. ..........covviiiiiiniiiiiccesc e 50
Figure 27: Start Screen of RESCheck WEeD VEISION. ........cc.oiiiiiiiiiii s 51
Figure 28: Input Screen for Project INfOrmMation ..ot 51
Figure 29:Input Screen for Envelope INFOrmation..............cooiiie i 52
Figure 30: Input Screen for Mechanical INfOrmation ............ccccoeiieiiiiii s s 52
Figure 31: Screen showing Results 0f RESCHECK.......c.cccciviiiiiii i 53
Figure 32: Simulated Comparisons of a Single-family Residence With Varying Amounts of Thermal Mass

Using Different DOE-2 Calculation Schemes (Annual Energy use, MBtu/year). .........ccccevvevverennenn. 58
Figure 33: Simulated Comparisons of a Single-family Residence With Varying Amounts of Thermal Mass

Using Different DOE-2 Calculation Schemes (Peak Day Cooling Use, kBtu/peak-day). .................. 59

Figure 34: Sample Models for the Whole-building Approach. Included in this figure is: (a) mean or 1
parameter model, (b) 2 parameter model, (c) 3 parameter heating model (similar to a variable based
degree-day model (VBDD) for heating), (d) 3 parameter cooling model (VBDD for cooling), (e) 4

parameter heating model, (f) 4 parameter cooling model, and (g) 5 parameter model. ...................... 63
Figure 35: Estimation of Peak-day Electricity Use From Monthly Utility Billing Data Using ASHRAE’s

L OSSP 68
Figure 36: 2000 International Energy Conservation Code (IECC).......ccccocvvvieiieieiiicie e 75
Figure 37: 2001 Supplement to the International Energy Conservation Code (IECC)........ccccccevvivivvevvernennn. 75
Figure 38: ASHRAE Standard 90.1- 1999, applicable to all commercial buildings. ..........cccccoevviviivcverennn. 75
Figure 39: ASHRAE Standard 90.1- 2001, applicable to all State AQENCIES. .....c.ccvevveiereriereireeeeee e 75

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 10

Figure 40: Overall flowchart for calculation of emission reduction from implementation of the IECC/IRC

in residential construction in non-attainment and affected counties (Im 2003) . .......cccccovverviincreens 76
Figure 41: Procedures for Preparation and Calculation of Countywide Energy Use for New Single Family

Houses Before and After Code Adoption (IM 2003). ......coviiiiiiiiense e 77
Figure 42: DOE-2 Subprograms and Data Input REQUIFEMENTS. .......cceevriirireiinieiee e 78
Figure 43: Calculation of the Equivalent Frame Width and Glass Width (Im 2003). ........cccccceveivivieviennenn. 78
Figure 44: Conversion procedure of window U-value to glass conductance and SHGF to shading

(010 1<] 1 1o 1= o OSSPSR 79
Figure 45: Procedures for Extracting Annual and Peak Day Electricity Use from DOE-2 (Im 2003)......... 80
Figure 46: Reconciliation of residential energy savings using utility bill analysis (Im 2003).........c.cccc...... 81
Figure 47: Reconciliation residential housing characteristics using on-site surveys (Im 2003).................... 82
Figure 48: Annual and Peak Day NOx Calculations (IM 2003). .........ccoceviirriinineiieneese e 83
Figure 49: General flowchart for calculation of emission reduction from implementation of IECC / IRC in

commercial buildings in non-attainment and affected coUNties. ............cociiiieiini i 87
Figure 50: Calculation of countywide commercial new construction energy consumption (1999

characteristics and TECC / TRC).....couiiiiiiiiiee ettt bbbt e e 88
Figure 51: Estimated commercial energy consumption for buildings constructed in 1999 by Texas county.

............................................................................................................................................................ 89
Figure 52: Reconciliation of commercial building energy savings using utility bill analysis. ..................... 90
Figure 53: Reconciliation commercial building characteristics using on-site SUNVEYS. ........c.cccevviveververnenn. 91

Figure 54: General flowchart for calculation of emission reduction from the use of renewables as
incorporated in the IECC / IRC in residential or commercial/industrial buildings in non-attainment

AN AFFECTEA COUNTIES. ... e eiiiieci ettt s et et st sbesteeneenee e enees 92
Figure 55: Detailed calculation of county-wide solar thermal or photovoltaic energy generation in
residential or commercial/industrial NEW CONSLIUCTION. .........ooviiiiiiiiiie e 93
Figure 56: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family
Residences by County USING BGRID. ........cccoiiiiiiiii e 126
Figure 57: Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Single-family Residences
BY County USING EGRID........cviiiiiieii ettt st ettt esbe s neete e enre e 127
Figure 58: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Multi-family
Residences by County USING EGRID. .......ccccoieiiiiieiise e s 142
Figure 59: Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family Residences
by County USING EGRID........cviici ettt sttt b e sreaneera e enee s 143
Figure 60: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family
and Multi-family Residences by County USing @GRID...........ccccoiiiiiiiniiiiieseseseee s 146
Figure 61: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family
and Multi-family Residences by County UsSing GRID..........ccceiiiiiiiiiiiineee e 147
Figure 62: 2003 Annual NOx Reductions From Electricity and Natural Gas Savings Due to the IECC / IRC
for Single-family and Multi-family Residences by County. .........cccociiiiiiiiininie i 148
Figure 63: 2003 Peak Day NOx Reductions From Electricity and Natural Gas Savings Due to the IECC/
IRC for Single-family and Multi-family Residences by COUNtY..........ccocevvveiviviiieienie s 149
Figure 64: Example of the Laboratory’s Builder’s Guide available for distribution via the web and on
laminated cardstoCK (PAGJE 1). ...veiverieieiieiee et e s 153
Figure 65: Example of the Laboratory’s Builder’s Guide available for distribution via the web and on
laminated CardstoCK (DAQJE 2). ....veivereieiieiee e 154
Figure 66: Example of the Laboratory’s self-certification form for code compliance in unincorporated areas
(FFONE). 1ttt bbbt bbbt E e bbbt b bbbt r ettt 155
Figure 67: Example of the Laboratory’s self-certification form for code compliance in unincorporated areas
(DACK). 1.ttt b et Ee bR bt b et ettt et et e 156
Figure 68: Laboratory comments to PUC, October 2002, P.1. ....coioiiieieiineniesiesieeeeie e 162
Figure 69: Laboratory comments to PUC, October 2002, P.2. ....cocciiieieiinienie st 163
Figure 70: Laboratory comments to PUC, October 2002, P.3. . ..covcieiiieiiieiesieeeeeesieseestesiesressesssesesnens 164
Figure 71: Laboratory comments to PUC, October 2002, P.4. ....ccvciveieieiiiiieseseeeesieseesie e svesassesesnens 165

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 11

TABLE OF TABLES
Table 1: 1999 Texas County Population for Non-attainment (grey) and Affected Counties..............cc...... 19
Table 2: EPA eGRID total emissions factors for selected UtIItIes. ..........cocoveiiiiiniiii i 34
Table 3: eGRID NOx emissions for Texas counties in ERCOT Power Control Area...........c.ccocevveienennnn 36
Table 4; PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
NOVEMDET, 2002) (Pt @)......civeieiiisieieiteeeeeeie st se st e et e e e et e besaeste e e erae e e sbestesrestesneeree e eneees 37
Table 5: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
November, 2002) (PArt D). ....ccvceiee e e 38
Table 6: Comparison of Peak Day Versus Average Daily NOx Reductions From Natural Gas Savings for
the 38 Non-attainment and Affected COUNLIES. .........cooviiiiiirier e 42
Table 7: IECC / IRC Residential and ASHRAE 90.1 Commercial Building Code Workshops for Senate
2 1 TSR PRSRPPPSPN 46
Table 8: REScheck test plan for 1,600 ft2 single-family reSidence. ... 54
Table 9: IECC code-traceable DOE-2 test plan for 1,600 ft2 single-family residence...........ccccooveverennnn 55
Table 10: Comparison of Test Results for REScheck and the Laboratory’s IECC Code-traceable DOE-2
SIMUIALION. ..ttt bbbt b bbb bbb s et b s et et e ne et b ne e 56
Table 11: Evolution of M&V Protocols in the United SEates. ........ccovrvireniiniineisiesee e 61
Table 12: Before-after or Main Meter Models for the Whole-Building Approach from ASHRAE Guideline
L2002 ...t b bbb b ekt b et Rt bt be bt b e ebe e be b et e b et 62
Table 13: Comparison of Peak-day Electricity Savings From IECC for Simulated vs. Estimation Using
Monthly Utility Billing Data Analyzed With ASHRAE’S IMT.......cccooviviiviieece s 69
Table 14: EPA’s eGRID table: County-wide NOx Reductions in pounds per MWh for EE/RE Implemented
in each listed PCA (Received from USEPA November 2002) ..........ccoeviereieneneieneneieseseesieseeneas 96
Table 15: 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) .........ccccovvvireiieiiencnnenn 97
Table 16: Modified CalCUIALION.............coiiiie e bbbt 98
Table 17: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
NovEMDEr, 2002) (Pt A). .eoicieieeie e re bbb e s be e e e sa et et e eesresteareeree e e e es 99
Table 18: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
November, 2002) (PArt B)......cccceieiiiieiieieiieeiie et e st e et st s te et e e e sre st e besaesreeneeneeseenns 100
Table 19: ESL 2002 Summary NOx Reductions Table: County-wide NOx Reductions Due to the IECC/
IRC (Single Family Residences) Reported September 2002. .........cccooovvvireieerieiesenese e sesseeneeseens 101
Table 20: Modified Summary Table Using the November 2002 PUCT PCA assignments. ............ccocu..... 102
Table 21: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Single-family Residential
TN HAITIS COUNTY. ...ttt bbbt b ettt b et b et b et b et 113
Table 22: Annual and Peak-day Savings for Specific Measures for Single-family Residential in Harris
L0701 ] 01 YOO U PR URPUR RPN 114
Table 23: 1999 Average Vs IECC Input Values for Specific Measures for Single-family Residential in
TAITANT COUNY. 1ottt ettt ettt e bt e btk e e et e e ke e et e e e ke et e e e beesabe e s beeenbee s 114
Table 24: Annual and Peak-day Savings for Specific Measures for Single-family Residential in Tarrant
L0010 01 TP TPV U PP P TPPPRN 115
Table 25: 1999 and IECC / IRC Code-compliant Building Characteristics Used in the DOE-2 Simulation
for Single-family ReSIAENtial. ..........ccooviiiiii e 117
Table 26: 2003 Annual and Peak-day Electricity Savings From Implementation of the IECC / IRC for
SiNgle-family RESIAENCES. ......cceiiiiiieeiie et sb e et 118
Table 27: 2003 Totalized Annual Electricity Savings From IECC / IRC by PCA for Single-family
T [0 T =PRSS 119
Table 28: 2003 Annual NOx Reductions From IECC / IRC by PCA for Single-family Residences by
CoUNLY USING BGRID . .....iiiiitieiiiiee ettt e bbbttt e e e b et sb e s be s ae b e e e e 121
Table 29: 2003 Totalized Peak-day Electricity Savings From IECC / IRC by PCA for Single-family
RESIABINCES ...ttt ettt b et b et s b et s b et be s b et et s b et et s bt et nb et et beneeee 122
Table 30: 2003 Peak-day NOx Reductions From IECC / IRC by PCA for Single-family Residences by
CoUNtY USING BGRID . .....iiiiicieice sttt sttt st st eaneesa et et e stesresbeaneerae e ensees 123
Table 31: 2003 Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Single-family
Residences by County USING EGRID. .......c.ccoiiiiiiie e 124

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 12

Table 32: 2003 Annual and Peak-day Natural Gas Savings Due to IECC / IRC for Single-family

RESIAENCES DY COUNLY. ...ttt bbbttt sttt 125
Table 33: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Multi-family Residential
TN HAITIS COUNTY . ...ttt bbbt b e bbbt et e e ee e b e b sbe et et eneennennas 131
Table 34: Annual and Peak-day Savings for Specific Measures for Multi-family Residential in Harris
L0010 01 P PPV PT TP TPPPTRN 131
Table 35: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Multi-family Residential
1N TAITANT COUNLY. ...viitiiiecie ettt ettt et e e ta et e e s ae st e s besbeete e e e st e se e besbesaesreeneeneeseenes 132
Table 36: Annual and Peak-day Savings for Specific Measures for Multi-family Residential in Tarrant
L0101 YOS 132
Table 37: 1999 and IECC / IRC Code-compliant Building Characteristics Used in the DOE-2 Simulation
for Multi-family ReSIential. ..........coooiiiiiii s 134
Table 38: 2003 Annual and Peak-day Electricity Savings From Implementation of the IECC / IRC for
MUItI-FaMIlY RESIAENCES. ...ttt bt bbbt e e e 135
Table 39: 2003 Totalized Annual Electricity Savings From IECC / IRC by PCA for Multi-family ......... 136
Table 40: 2003 Annual NOx Reductions From IECC / IRC by PCA for Multi-family Residences by
(@00 TV ) L0 YT o =T €] = 41 RSP SR 137
Table 41: 2003 Totalized Peak-day Electricity Savings From IECC / IRC by PCA for Multi-family
RESIABINCES ...ttt b et b et s b et s b et et s b et be s b et et s bt et nb ettt neee 138
Table 42: 2003 Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family Residences by
CoUNtY USING BGRID . ...ttt sttt sttt st teaneesa et e e stesresreaneeree e eneees 139
Table 43: 2003 Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family
Residences by County USING BGRID. .........cccciiiiiiiiieieee e e 140
Table 44: 2003 Annual and Peak-day Natural Gas Savings Due to IECC / IRC for Multi-family Residences
DY COUNLY. ..ottt bbbt b et b bttt b e bbb et e sbe et e abennebe 141
Table 45: 2003 Annual and Peak-Day NOx Reductions From Electricity and Natural Gas Savings Due to
the IECC / IRC for Single-family and Multi-family Residences by County...........cccooiviniiiinicnnns 145
Table 46: Detailed calculations for the NOx emissions reduction calculations for the implementation of
Continuous Commissioning® in Existing Commercial buildings. ..........ccccoovvvvernvieresssrssessneenen. 171
Table 47: Detailed calculations for the NOx emissions reduction calculations for the implementation CFL
100 11 1 P TP U PPV P TP PTPPPRN 172

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 13

2 Overview

The Energy Systems Laboratory (Laboratory) is pleased to provide our second annual report, Energy
Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan to the Texas Council on
Environmental Quality (TCEQ) in fulfillment of its responsibilities under Texas Health and Safety Code
Ann. § 388.003, (e) (a) (b) (Vernon Supp. 2002). This annual report:

. Provides an estimate of the energy savings and NO, reductions from energy code compliance in
new residential construction in 38 counties,

. Describes the technology developed to enable the TCEQ to substantiate energy and emissions
reduction credits from EE/RE to the Environmental Protection Agency (EPA), and

. Provides valuable insights into the effectiveness of additional energy efficiency and renewable
energy measures in existing buildings and industrial facilities.

2.1  Legislative Background

The TERP was established in 2001 by the 77" Legislature through the enactment of Senate Bill 5 to:

° Ensure that Texas air meets the Federal Clean Air Act requirements (Section 707, Title 42, United
States Code), and

. Reduce NO, emissions through mandatory and voluntary programs, including the implementation
of energy efficiency and renewable energy programs in non-attainment and affected counties.

To achieve the clean air and emissions reduction goals of the TERP, SB 5 created a number of energy
efficiency and renewable energy programs for credit in the EPA mandated State Implementation Plan
(SIP):

. Mandates statewide adoption of Texas Building Energy Performance Standards (TBEPS) as the
building energy code for all Texas municipalities and counties,

° Provides that a municipality or county may request the Laboratory to determine the energy impact
of proposed energy code changes,

. Provides for an annual evaluation by the Public Utility Commission of Texas, in cooperation with
the Laboratory, of the emissions reduction of energy demand, peak electric loads and the associated
air contaminants from utility-sponsored programs established under SB 5 and utility-sponsored
programs established under the electric utility restructuring act (Section 39.905 Utilities Code),

. Establishes a 5 percent per year electricity reduction goal each year for political subdivisions in
non-attainment and affected counties from 2002 through 2007, and

. Requires the Laboratory to report to the TCEQ the energy savings (and resultant emissions
reduction) from implementation of building energy codes and to identify the municipalities and
counties whose codes are more or less stringent than the unamended code.

The 78" Legislature, through HB 1365 and HB 3235, amended SB 5 to enhance its effectiveness by adding
additional energy efficiency initiatives, including:

e  Requires the TCEQ to conduct outreach to non-attainment and affected counties on the benefits of
implementing energy efficiency measures as a way to meet the air quality goals under the federal
Clean Air Act,

. Requires the TCEQ develop a methodology for computing emissions reduction from energy
efficiency initiatives,

e Authorizes a voluntary Energy-Efficient Building Program at the General Land Office (GLO), in
consultation with the Laboratory, for the accreditation of buildings that exceed the state energy code
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requirements by 15 percent or more to enhance local government’s ability to meet minimum air
quality standards,

e Authorizes municipalities to adopt an optional, alternate energy code compliance mechanism
through the use of accredited energy efficiency programs determined to be code-compliant by the
Laboratory, as well as the EPA’s Energy Star residential rating program, and

. Requires the Laboratory to develop and administer a statewide training program for municipal
building inspectors seeking to become code-certified inspectors for enforcement of TBEPS.

2.2  Laboratory Funding for the TERP

The primary funding mechanism for the TERP from registration fees for out-of-state vehicles was declared
unconstitutional, greatly reducing implementation funds available to the Laboratory and all other parties.
As a consequence, the Laboratory received less than 21 percent ($181,855 in FY 2002 and $372,226 in FY
2003) of the appropriated amount. Despite this major shortfall in funding, the Laboratory was able to make
significant progress on most of its duties under SB 5. Using competitively awarded federal grants, the
Laboratory was able to provide the needed statewide training for the new mandatory energy codes and
provide technical assistance to cities and counties in helping them implement adoption of the legislated
energy efficiency codes.

2.3 Progress In FY 2003

Since September 2002, the Energy Systems Laboratory has accomplished the following activities in
fulfillment of its requirements under SB 5:

o Estimated energy and resultant NO, reductions from implementation of the Texas Building Energy
Performance Standards (IECC/IRC codes) to new residential construction,

o Developed a prototype, web-based “Emissions Reduction Calculator” for determining emissions
reduction from energy efficiency improvements in residential construction,

e Enhanced the Laboratory’s IECC/IRC Code-Traceable Test Suite for determining emissions
reduction due to code and above-code programs,

e Developed and tested key procedures for validating simulations of building energy performance,

e Provided over 50 IECC/IRC energy code training sessions throughout the State of Texas,

e Maintained and updated the Laboratory’s Senate Bill 5 web site.

e Maintained a builder’s residential energy code Self-Certification Form (Ver.1.3) for use by outside
municipalities,

o Resolved several major issues for manufacturers and builders regarding new insulation requirements
to all parties agreement,

o Responded to hundreds of phone and email inquiries on code implementation and verification issues,
and,

o Completed an evaluation of proposed energy code changes requested by the North Central Texas
Council of Governments (NCTCOG) and partially completed an evaluation of proposed energy code
amendments requested by the City of Houston.

These activities were designed to enhance the impact of EE/RE measures contained in SB 5 and assist the
TCEQ, local governments, and the building industry with effective implementation and reporting.

2.4 Energy and NOx Emissions Reduction From New Residential Construction

Energy savings from energy code-compliant new residential construction in 2003 were 252,238 MWh/year
of electricity and 887,564 MBtu/year of natural gas in the 38 original, non-attainment and affected
counties. The resultant annual NO, reductions were calculated to be 473 tons NO,/year which include:

o 340 tons NO,/year (72.0%) from single-family residential (236,965 MWh/year saved),
o 22 tons NO,/year (4.7%) from multi-family residential (15,272 MWh/year saved), and
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o 110 tons NOy/year (23.3%) from natural gas savings from single-family and multi-family residential
(887,564 MBtu/year saved).

On a peak summer day, the NOx reductions in 2003 are calculated to be 2.44 tons of NO,/day, which
represents:

e 2.13 tons NOx/day (87.3%) from single-family residential (1,452 MWh/day saved),

e 0.11 tons NO*/day (4.5%) from multi-family residential (73.73 MWh/day saved), and

e 0.20 tons NO,/day (8.2%) from natural gas savings from single-family and multi-family residential
(1,595 MBtu/day saved).

The comparative magnitude of the annual and peak-day NO, reductions from natural gas compared to the
savings from electricity vary significantly. This is because the annualized savings include heating period
NO reductions, and the peak-day (i.e., cooling) natural gas savings include only those savings associated
with the elimination of pilot lights. Details of the analysis are reported in this report.

2.5  Review Of Proposed Local Energy Code Changes

The TERP requires that all local energy code amendments not result in less stringent energy efficiency
requirements in non-attainment and affected counties than the unamended IECC/IRC and that the
Laboratory may determine, upon request, if the proposed code changes are substantially equal to or less
stringent than the code. The Laboratory reviewed proposed local amendments in 2002-2003 for the North
Central Texas Council of Governments (NCTCOG) and the City of Houston.

The Laboratory determined that the proposed NCTCOG window glazing shading requirements were
substantially equal to the IECC/IRC. The Laboratory was informed that local builders rarely use this
exception; and that this region leads the State in the use of high-performance, low-emissivity (low-e) glass
for new residential construction.

The Laboratory conducted an extensive review of proposed energy code changes for the City of Houston
that were driven primarily by the local concern over mold and mildew formation in Houston’s hot and
humid climate. Several proposed changes were withdrawn by the City of Houston, which were
substantially less stringent than the IECC/IRC requirements. Several alternative changes were reviewed
and the initial determination is that, as a whole, the proposed changes are substantially equivalent. Final
determination is pending the receipt of the revised amendment request.

2.6 Technology For Calculating And Verifying Emissions Reduction From Energy Used In Buildings

The Laboratory has developed a prototype Emissions Reduction Calculator and the underlying technology
for determining emissions from power plants that deliver the electricity to the residence. The Emissions
Reduction Calculator is intended to be used to obtain SIP credits from energy efficiency programs in the
TERP. The TCEQ and the EPA are currently reviewing the Laboratory’s proposed technology and
procedures for estimating NOx emissions from energy efficiency for inclusion in the SIP. This proposed
new technology addresses two major challenges:
e How to quantify and validate the persistence of energy savings from energy efficiency and
renewable energy measures.
o How to transform electricity reductions into spatially (location) and temporally (time-of-day)
distributed emissions reduction from electric utility power plants.

The Laboratory’s Emissions Reduction Calculator uses the EPA’s eGRID database to identify where air
emissions are produced. A complete description of the technology and procedures for calculation
emissions reduction is contained in this report. The Laboratory requests continued input and critical
analysis by affected parties and federal and state regulatory agencies on this approach to help ensure
accuracy and ease of use.
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2.7 Procedures For Calculating Energy And Emissions Reduction

The Laboratory has developed and documented methodologies to calculate the electricity and natural gas
savings from the implementation of the IECC/IRC to new residential and commercial buildings. These
methodologies are composed of procedures that calculate and verify savings using several different sources
of information, including:

e The calculation of electricity savings and peak-day electric demand reductions from the
implementation of the IECC/IRC in new residences, ASHRAE 90.1-1999 in commercial
buildings, and ASHRAE 90.1-2001 in Texas State Agencies in non-attainment and affected
counties as compared against 1999 building characteristics using code-traceable, hourly, building
energy simulation.

e  The cross-check of electricity savings using a utility bill analysis method.

e The cross-check of pre-code and post-code construction data using on-site visits.

The Laboratory has worked closely with the TCEQ and EPA to develop procedures for calculating NOy
reductions from electricity savings using the EPA’s Emissions and Generation Resource Integrated
Database (eGRID). This procedure calculates annual and peak-day, county-wide NO, reductions from
electricity savings from Energy Efficiency and Renewable Energy projects implemented in each Power
Control Area (PCA) in the ERCOT region.

2.8 Evaluation Of Additional Technologies For Reducing Energy Use In Existing Buildings

Evaluation of additional technologies for further reducing energy use in existing buildings and community-
based energy efficiency programs are covered in this report, including:

e Existing building envelope upgrades and building tune-ups (Continuous Commissioning®, building
design, windows and insulation, and effective building operations.

e Use of electronic ballasts and lamps (both compact florescent lights and florescent fixture lamps).

e Use of high efficiency air-conditioners and heat pumps.

e Use of efficient supply air duct distribution systems.

o Use of renewables, including wind, solar thermal and solar photovoltaic

e Use of HVAC equipment and domestic water heaters that function without pilot lights.

2.9  Recommendations For Enhancing EE / RE Emissions Impacts In The TERP

Emissions reduction from energy savings in existing buildings and small industrial facilities will have a
significant benefit for obtaining compliance with the EPA minimum Clean Air requirements. SB 5
contains requirements for new construction that is often the easiest to implement but does not provide for
the reduction of energy use in existing buildings other than political subdivisions in non-attainment and
affected counties.

The Laboratory recommends that the TCEQ evaluate the potential for additional cost-effective options for
increasing emissions reduction from energy efficiency initiatives not covered by SB 5. Since new
buildings only add about 2% to the existing building inventory, existing structures far surpass the annual
energy use of new construction by a factor of approximately 98 to 2. Therefore, on a peak summer day
2.44 tons/day NO, reductions from new residential construction could grow to about 120 tons/day if
existing buildings were brought into code compliance. If 10% of the existing buildings could be brought
into code compliance, it would result in about 12 tons/day NO, emissions reduction. Three promising areas
for investigation include:

1. Existing Commercial Buildings — It is estimated that commercial office space accounts for over 2.1
billion square feet in Texas. If all buildings over 50,000 square feet of air-conditioned space could
be motivated to be tuned-up (i.e., commissioned), significant energy reduction potential exists in
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the range of 10 — 40 percent. The Laboratory has proven that commercial and institutional building
tune-ups are highly cost-effective with paybacks averaging 2 years or less.

Increased Use of High-efficient technologies — See discussion above. The federal government has
made substantial progress promoting the use of energy efficient technologies through its Energy
Star labeling. The TCEQ should investigate ways to increase the use of high-efficient technologies
through such actions as recognition, local government purchasing requirements, and utility
incentives to consumers, for example.

Reducing Federal Facility Energy Use — The federal government is the single largest building
owner in Texas with over 206 million square feet, surpassing state-owned space by a substantial
amount. Electricity use and emissions from these facilities have a substantial impact on local
emissions inventories. For example, the federal government has approximately 46 million square
feet of conditioned space in the San Antonio non-attainment counties. Since all federal agencies
are required by statute and Presidential Executive Order to reduce energy use, a number of energy
improvements and the purchase of electricity from renewable energy occurs every year in Texas.
Therefore, it is recommend that the TCEQ solicit the help of the federal government by capturing
and reporting the savings from their EE/RE projects.

2.10 Planned Focus For 2004

In FY2004, the Energy Systems Laboratory will continue its cooperative efforts with the TCEQ, TPUC,
GLO, SECO, EPA and others to ensure EE/RE measures remain a cost-effective solution to clean air, and
continue to support the energy efficiency and renewable energy goals of the TERP. The Laboratory team

Continue development of well-documented, standardized methods for calculating and reporting NO,
reductions, including adjustments to electricity savings needed for use of the EPA’s eGRID
program, from the TCEQ, TPUC, GLO and SECO initiatives.

Continue to identify maximum, cost-effective NO, emissions reduction in existing residential,
commercial and industrial buildings for possible integration into the Laboratory’s Emissions
Reduction Calculator.

Assist the TCEQ to obtain EPA approval for SIP credits from energy efficiency and renewable
energy in each of the non-attainment and affected counties using the Laboratory’s Emissions
Reduction Calculator technology.

Verify, document and report energy efficiency and renewable energy savings in all TERP EE/RE
programs for the SIP in each non-attainment and affected county using the TCEQ/EPA approved
technology.

Develop “below today’s cost” methods and techniques to implement above code energy efficiency in
low-priced and moderately-priced residential housing.

Continue the development and documentation of the Laboratory’s web-based Emissions Reduction
Calculator tool by including commercial buildings, municipal facility, and renewable energy
calculations.
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3 INTRODUCTION

3.1  Background

In 2001, the Texas Legislature adopted the Texas Emissions Reduction Plan, identifying thirty-eight
counties in Texas where a focus on air quality improvements was deemed critical to public health and
economic growth. Sixteen were designated by the EPA as non-attainment areas, twenty-two others were
designated by Senate Bill 5 as affected areas. These areas are shown on the map in Figure 1, as non-
attainment (dark-shaded), and affected (shaded). The sixteen counties designated as non-attainment
counties included: 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 included: 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. In 2003, three additional counties were
classified as affected counties, including: Henderson, Hood and Hunt counties, bringing the total to forty-
one counties (sixteen non-attainment and twenty-five affected counties). Analyses reported in this
document, however, were conducted over the past year and focused on the original 38 counties.

These counties represent several geographic areas of the state, which have been assigned to different
climate zones by the 2000 IECC" as shown in Figure 2, based primarily on Heating Degree Days (HDD).
These include, climate zone 5 or 6 (i.e., 2,000 to 2,999 HDDgs) for the Dallas-Ft. Worth and El Paso areas,
and climate zones 3 and 4 (i.e., 1,000 to 1,999 HDDgs) for the Houston-Galveston-Beaumont-Port Author-
Brazoria area. Also shown on Figure 2 are the locations of the various weather data sources, including the
seventeen Typical Meteorological Year (TMY2) (NREL 1995), and four Weather Year for Energy
Calculations (WYEC?2) (Stoffel 1995) weather stations, as well as the forty-nine National Weather Service
weather stations, (NWS) (NOAA 1993).

The forty-one counties represent some of the most populated counties in the state, and contained 14.1
million residents in 1999, which represents 70.5% of the state’s 20.0 million total population (U.S. Census
1999). As shown in Figure 3, the three largest counties, by population (i.e., Harris, Dallas, and Tarrant), are
non-attainment counties. The fourth county, Bexar County, is classified as an affected county. These four
counties contain 8.0 million residents, or 40.0% of the state’s total population. In the rankings of the
remaining counties it is clear that the most populous counties also represent the majority of the non-
attainment regions.

In Figure 4 the total housing units trends in the forty-one non-attainment and affected counties is shown to
closely follow the county populations, with Harris, Dallas, Tarrant, and Bexar counties containing 3.2
million housing units, or 40.0% of the state’s total 8.0 million households (U.S. Census 1999). However, in
Figure 5 the 1999 residential building permit activity differs from the population and total housing unit
trends, with the most activity occurring in Harris county (25,862 units), followed by significantly less
construction in the five counties in the 10,000 to 15,000 unit range, including Dallas, Travis, Bexar, Collin
and Tarrant counties. These six counties represented 88,833 housing starts, or 71% of the total 125,464
residential building permits in the 41 counties classified as non-attainment or affected.

Also of interest in Figure 5 is the significant number of new multi-family units in the counties with the
largest number of building permits. In the six largest counties (i.e., Harris, Dallas, Travis, Bexar, Collin and
Tarrant) there were 34,038 new multi-family units, or 38% of the 88,833 housing starts in these counties.
The map in Figure 6 shows these fast growing areas to be primarily in four metropolitan areas: the Houston
area containing the fastest growing county (Harris county), the Dallas-Ft.Worth area containing three of the

! The “2000 IECC™ notation is used to signify the 2000 International Residential Code (IRC), which includes the International Energy
Conservation Code (IECC) as modified by the 2001 Supplement (IECC 2001), published by the ICC in March of 2001, as
required by Senate Bill 5.
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six counties (Dallas, Collin, Tarrant), Travis county in the Austin metropolitan area, and Bexar county in
the San Antonio area.

County Population Housing Unit [Permits (Single) |Permits(Multi) [Total Permits

Harris 3,250,404 1,273,565 16,055 9,807 25,862
Dallas 2,062,100 840,374 8,392 6,545 14,937,
Tarrant 1,382,442 554,145 8,785 1,969 10,754
Bexar 1,372,867 512,381 7,117 5,007 12,124
Travis 727,022 321,612 6,742 6,314 13,056
El Paso 701,908 221,244 3,472 724 4,196
Collin 456,612 184,781 7,704 4,396 12,100
Denton 404,074 162,280 5,222 1,511 6,733
Fort Bend 353,697 114,678 1,148 12 1,160
Nueces 315,469 122,102 694 308 1,002
Montgomery 287,644 108,573 4,493 426 4,919
Galveston 248,469 108,802 1,627 480 2,107
Jefferson 241,332 101,465 581 54 635
Williamson 240,892 84,634 3,984 1,621 5,605
Brazoria 234,303 88,543 1,717 266) 1,983
Smith 169,693 71,158 440 90 530
Johnson 122,594 45,604 514 358 872
Gregg 113,155 46,189 194 144 338
Ellis 107,580 38,095 481 8 489
Hays 92,755 33,919 754 256 1,010
Parker 85,427 33,802 242 52 294
Orange 85,240 34,607 218 3 221
Guadalupe 82,808 33,112 628 0 628
Victoria 82,087 32,778 196 2 198
Comal 76,770 31,586 926 20 946
Hunt 75806 32423 97 32 129
Henderson 72080 35820 139 18 157
San Patricio 71,636 24,369 248 0 248
Kaufman 68,065 25,803 178 184 362
Liberty 67,161 26,146 310, 52 362
Harrison 59,797 26,243 22 42 64
Bastrop 52,561 22,106 143 2 145
Hardin 49,684 19,815 33 2 35
Rusk 45,819 19,854 18 0 18
Hood 39969 19072 64 14 78
Rockwall 39,489 14,396 761 22 783
Upshur 36,541 14,917 14 0 14
Caldwell 32,820 11,844 81 0 81
Wilson 32,504 12,099 7 0 7
Waller 28,070 11,668 29 40 69
Chambers 23,993 10,027 213 0 213
TOTAL 14,093,339 5,526,631 84,683 40,781 125,464

Table 1: 1999 Texas County Population for Non-attainment (grey) and Affected Counties.
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1999 Texas County Population

|

s1aquieyd
Jajrem
uosjim
lIsmpred
anysdn
Iremsiooy
pooH

isny
uipreH
donseg
uosliireH
Aueqn
uewyney|
oiLyed ues
uosiapuaH
wunH
[ewod
BUOPIA
adnjepens
abueip
Iavjred
skeH

sii3

(=TS}
uosuyor
ynws
elOZRIG
uosweljim
uosiayar
uoisane
Kiswobuo
sa%anN
puag 1o
uoag
unoed
osed 3

|

sinel |

fexag

el
sejreg

siueH

3,500,000

3,000,000 -

2,500,000 -

o

2,000,000
1,500,000 -
1,000,000 -

500,000 -

uolre|ndod

County

Figure 3: 1999 Texas county population for non-attainment (dark shade) and affected (light shade) counties

(Source: U.S. Census).

1999 No. of Housing Units of Texas County

1,400,000

1,200,000 -

1,000,000 -
800,000 -
600,000 -

suun BuisnoH 4o ‘oN

400,000 A

200,000 -
0 -+

siaquieyd
191[eM
uosjim
lIempred
anysdn
Iremo0y
pooH
ysny
uipreH
donseg
uosiueH
Auagr
uewyney
oued ues
UOSIapUIH
unH
[ewod
BLOWIA
adnfepeng
abueio
JENTR
skeH

NIE]

bbaio
uosuyor
ynws
elozelg
uoswel|im
uosiayer
uolsanes
KiawoBiuopw
$929NN
puag uo4
uojuag

utjod

osed 3

SinelL

Jexag

jueue|
selleq

siueH

County

Figure 4: 1999 Housing units by county (Source: RECenter 2002).

Energy Systems Laboratory, Texas A&M University

December 2003.



TERP Technical Report p. 22

1999 Residential Building Permit Activity 0@ TyeeAl
(Nonattainment & Affected Counties-Total No. of Permits : 125,464) Om TyeAa2
30,000
25,000 -
220,000*
€
o
o
o
£
£ 15,000
=
o -
5 -
<)
Z 10,000 -
5,000 -
04 HHHI‘IHH-H.—.I-I B m [l =
@ v E 5§ L2 2 £ £ T 9 >¢c c c 8 g5 c DY F Q@ @ E £ 9 £ »E Q£ X T =5=c 5 0
S EEEEEEEEEEEERENEE-NEN-BEEEEEEE NN
= < £ E 2 £ 3 2
Ioﬁmkm03§§§%%g§m§¢ agg-go ggé_,%gz égsggg
= s 9" % 3 T § 5
= &
County

Figure 5: 1999 Residential building permits by county (Source: Real Estate Center, TAMU).

=

N
oy |nf&_m' \

| s | 520 [suns | oo
| |

Ll 'mmaasoq G "%

ooy

Y %;*““‘*‘*'m

|"’Q§ e | o | | [T ﬁ%f‘“‘”\

[ [0 e o [ 8
= N

RPN, AR % - % ety

,:.':;gl,""’"‘“- 1999 Texas County
Residential Building
Permlt Act|V|ty

<2000

2000 - <4000
4000 - <6000
6000 - <8000
8000 - <10,000
10,000 - <12,000
1,2000 - < 14,000
14,000 - < 16,000
16,000 >

Figure 6: Map of 1999 residential building permits by county (Source: Real Estate Center, TAMU) .

December 2003.

Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 23

3.2  Energy Systems Laboratory’s Responsibilities in the TERP.

In 2001, Texas Senate Bill 5 outlined the following responsibilities for the Energy Systems Laboratory
(ESL) within the TERP:

e  Sec. 386.205 - Evaluation Of State Energy Efficiency Programs.
e Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards.
e Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.
e Sec. 388.007. Distribution Of Information And Technical Assistance.
e Sec. 388.008. Development Of Home Energy Ratings.
These responsibilities were updated in 2003 with House Bill 1365, including modifications to:
e Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.
e Sec. 388.009. Energy-Efficient Building Program.
These responsibilities were updated in 2003 with House Bill 3235, including modifications to:
e  Sec. 388.009.Certification of Municipal Building Inspectors.
In the following sections each of these tasks is further described.

3.2.1  (SB5) Section 386.205 - Evaluation Of State Energy Efficiency Programs (w/PUC).

The Laboratory is instructed to assist the Texas Public Utilities Commission (PUC) and provide an annual
report that quantifies by county, the reductions of energy demand, peak loads, and associated emissions of
air contaminants achieved from the programs implemented under this subchapter and from those
implemented under Section 39.905, Utilities Code (i.e., Senate Bill 7).

3.2.2 (SB5) Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards.

Senate Bill 5 adopts the energy efficiency chapter of the 2000 International Residential Code (IRC 2000) as
an energy code for single-family residential construction, and the 2000 International Energy Conservation
Code for all other residential, commercial and industrial construction in the state. It requires that
municipalities establish procedures for administration and enforcement, and ensure that code-certified
inspectors perform inspections.

Senate Bill 5 Provides that local amendments, in non-attainment areas and affected counties, may not result
in less stringent energy efficiency requirements. The Laboratory is to review local amendments, if
requested, and submit annual report of savings impacts to the TCEQ. The Laboratory is also authorized to
collect fees for certain of its tasks in Sections 388.004, 388.007 and 388.008.

3.2.3  (SBb5) Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.

For construction outside of the local jurisdiction of a municipality, Senate Bill 5 provides for a building to
comply if:

a) a building certified by a national, state, or local accredited energy efficiency program shall be considered
in compliance;
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b) a building with inspections from private code-certified inspectors using the energy efficiency chapter of
the International Residential Code or International Energy Conservation Code shall be considered in
compliance; and

c) a builder who does not have access to either of the above methods for a building shall certify compliance
using a form provided by the Laboratory, enumerating the code-compliance features of the building.

3.2.4  (SB5) Sec. 388.007. Distribution Of Information And Technical Assistance.

The Laboratory is required to make available to builders, designers, engineers, and architects code
implementation materials that explain the requirements of the International Energy Conservation Code and
the energy efficiency chapter of the International Residential Code. Senate Bill 5 authorizes the Laboratory
to develop simplified materials to be designed for projects in which a design professional is not involved. It
also a authorizes the Laboratory to provide local jurisdictions with technical assistance concerning
implementation and enforcement of the International Energy Conservation Code and the energy efficiency
chapter of the International Residential Code.

3.25  (SB5) Sec. 388.008. Development Of Home Energy Ratings.

Senate Bill 5 requires the Laboratory to develop a standardized report format to be used by providers of
home energy ratings (HERS). The form must be designed to give potential buyers information on a
structure's energy performance, including certain equipment. Senate Bill 5 requires the Laboratory to
establish a public information program to inform homeowners, sellers, buyers, and others regarding home
energy ratings.

3.26  (HB 1365) Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.

In 2003, House Bill 1365 modified Section 388.004 of Senate Bill 5 to include the following new
requirements:

e That builders shall retain for three years documentation which shows their building is in
compliance with the Texas Building Energy Performance Standards, and that builders shall
provide a copy of the compliance documentation to homeowners.

e That single-family residences built in unincorporated areas of counties, which were completed on
or after September 1%, 2001, but not later than August 31%, 2003, are considered in compliance
with the Texas Building Energy Performance Standards.

To help builders comply with these requirements, the Laboratory will enhance the current form, which is
posted on the Laboratory’s Senate Bill 5 website.

3.2.7 (HB 1365) Sec. 388.009. Energy-Efficient Building Program.

In 2003, House Bill 1365 modified the TERP, adding a new Section 388.009. In this section the General
Land Office, the TCEQ and the Laboratory, working with an advisory committee, may develop an energy-
efficient building accreditation program for buildings that exceed the building energy performance
standards under Section 388.003 by 15 percent or more. This program shall be updated annually to include
best available energy-efficient building practices. This program shall use a checklist system to produce an
energy-efficient building scorecard to help: (1) home buyers compare potential homes and, by providing a
copy of the completed scorecard to a mortgage lender, qualify for energy-efficient mortgages under the
National Housing Act; and (2) communities qualify for emissions reduction credits by adopting codes that
meet or exceed the energy-efficient building or energy performance standards established under this
chapter. This effort may include a public information program to inform homeowners, sellers, buyers, and
others regarding energy-efficient building ratings. The Laboratory shall establish a system to measure the
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reduction in energy and emissions produced under the energy-efficient building program and report those
savings to the commission.

3.2.8  (HB 3235) Sec. 388.009. Certification of Municipal Inspectors.

Also in 2003, House Bill 3235 modified the TERP to add the following new Section 388.009. In this
section the Laboratory is required to develop and administer a state-wide training program for municipal
building inspectors who seek to become code-certified inspectors. To accomplish this the Laboratory will
work with national code organizations to assist participants in the certification program, and is allowed to
collect a reasonable fee from participants in the program to pay the costs of administering

the program. This program is required to be developed no later than January 1, 2004, with state-wide
training sessions starting no later than March 1, 2004.
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4  PROGRESS: SEPTEMBER 2002 TO AUGUST 2003
4.1  (SB5) Section 386.205 - Evaluation Of State Energy Efficiency Programs (w/PUC).

4.1.1  Held Preliminary Meetings with PUC to Discuss Procedures for Evaluating State Energy
Efficiency Programs

The Laboratory has had several meetings with the Texas Public Utilities Commission (PUC) to discuss the
development of a framework for reporting emissions reduction from the State Energy Efficiency Programs
administered by the PUC. The State Energy Efficiency Programs administered by the PUC include
programs under Senate Bill 7 (i.e., Section 39.905 Utilities Code) and Senate Bill 5.

In October 2002 the Laboratory filed comments with the PUC regarding how the reporting of savings from
SB5 and SB7 could be more accurately reported using the planned eGRID database, as indicated in the
memo in the appendix to this report. Several conference calls were then held with the PUC and their
contractor that developed the deemed tables to work through the details of how this change in reporting
could be carried out.

4.2 Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards.

4.2.1  Created Senate Bill 5 Stakeholders Group

In 2002 the Laboratory created a Senate Bill 5 Stakeholders Group consisting of manufacturers, public
interest groups, builders, utilities, and Federal, State and Local government agencies. These Stakeholders
meetings provided the Laboratory with valuable input on how to best proceed with difficult issues that had
to be addressed in the first year of Senate Bill 5.

Communication with the Senate Bill 5 Stakeholders continued during the period September 2002 to August
2003, including: communication of upcoming workshops, responding to specific concerns about how codes
will impact product performance, etc.

4.2.2  Builder’s Guide (Version 1.04) Published

In 2002 the Laboratory produced a simplified Builder’s Guide that provides builders with three prescriptive
paths for each climate zone in Texas. The Builder’s Guide helps simplify the implementation of the IECC /
IRC. This guide is maintained on the Laboratory’s web site for downloading as a PDF file (i.e.,
eslsb5.tamu.edu). Laminated, color copies of the Builder’s Guide are distributed to builders to code
officials upon request, and to those who attend the Laboratory’s workshops. An example copy of the
Builder’s Guide is provided in the Appendix, Figure 64 and Figure 65.

4.2.3 Review of Local Amendments

Two sets of local amendments were reviewed in 2003, a portion of NCTCOG amendments which could not
be simulated at the time of initial conditional approval, and City of Houston amendments initially
submitted in July , 2002.

4.2.3.1 North Central Texas Central Council of Governments (NCTCOG)

The regional amendments to IECC / IRC by NCTCOG included an exception to the .4 SHGC requirement
in Sec. 502.1.5 for north-facing or appropriately shaded south-facing exposures. Simulations indicated that
an un-shaded northern exposure with insulated clear glass would result in slightly more total annual energy
than an exposure with low-SHGC performance glass. A properly shaded southern exposure with insulated
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clear glass would result in slightly less total annual energy than a similar exposure with low-SHGC
performance glass. On balance, the net difference is negligible and the exception remains acceptable for
this region, in terms of substantial code equivalence. It is noted however, that low-SHGC, low-emissivity
glazings, in all exposures, do have net benefits during the summer ozone season. It is further noted that this
region has led the window market transformation to high-performance, low-SHGC glazings and the
exception does not appear to be widely used in any case.

4.2.3.2  City of Houston

Amendments proposed by the City of Houston underwent a lengthy series of reviews, dialog with City
representatives, revisions and further review and simulation. Any proposed amendments which would have
reduced stringency were subsequently revised or withdrawn by the City. Amendments which enhance
stringency were also proposed. These appear to have limited impact and the current determination for
Houston was also of “substantial equivalence.” A complete, final set of amendments is being developed by
the City for review, but all prior issues have been resolved.

4.24  Requested by EPA to Approve Energy Star as Above Code for Texas

As part of the request by the NCTCOG, the Laboratory was requested to approve the Energy Star program
as an alternative compliance path. A similar request was also made by the City of Houston. The Laboratory
reviewed the Energy Star program, including the computer simulation code used by the EPA% The initial
review precluded a blanket approval of the Energy Star program. The Laboratory reviewed selected
Building Option Packages (BOPs) for Houston and Dallas. As part of this review the Laboratory had
extensive discussions with the EPA, ICF, the International Code Council (ICC), the United States
Department of Energy (USDOE), Pacific Northwest National Lab (PNNL), the National Renewable Energy
Laboratory (NREL) and the Lawrence Berkeley National Laboratory (LBNL) to determine how a code-
traceable simulation could be developed and reviewed by experts at the USDOE’s National Labs.
Following the discussions the Laboratory then developed a code-traceable DOE-2 input file for a single-
family single residence that represented the average housing type in Texas, and tested the Energy Star
BOPs for Houston and Dallas.

The tests showed that selected Energy Star BOPs that were submitted to the Laboratory meet or exceed the
prescriptive energy requirement of the 2000 IECC / IRC, after revisions were made®. A copy of the
Laboratory’s letter regarding the use of Energy Star is provided in the Appendix, along with a list of the
Energy Star BOPs that passed the test.

4.25  Requested to Approve REMRate and EnergyGauge USA as Alternative Compliance Path.

As part of the request by the NCTCOG, the Laboratory was requested to approve the REMRate and
EnergyGauge USA software as an alternative compliance paths. A similar request was also made by the
City of Houston. The Laboratory has developed a HERs Standardized Report that will facilitate the use of
transfer files from the REMRate and EnergyGauge-USA programs for this purpose. A copy of this report is
included in the appendix.

4.2.6  Estimated NOx Reduction Potential From Implementation of the IECC / IRC to New Residences

The Laboratory developed estimates of potential NOx reductions from the implementation of the IECC /
IRC to new single-family residences for calendar year 2002, which were published in the Laboratory’s

2 This computer analysis for the Energy Star program is based on DOE-2.1e, ver. 121 simulations, which are performed by ICF
Consulting, Washington, D.C., under contract to the U.S.E.P.A.

% These revisions include: mandating SHGC < 0.40 for HDD < 3,500, double pane windows, referencing window area to wall area,
and revising the footnotes on the BOPs to comply with the IECC/IRC.
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Annual report to the TNRCC". These estimates were based on the IECC-traceable DOE-2 simulation of an
average-sized house as defined by the NAHB for 1999. It was anticipated that the implementation of the
IECC / IRC would save between 1.7 and 2.5 tons-NOx/day. Additional information about these preliminary
calculations can be found the 2002 report, which is available on the Laboratory’s web page.

This analysis was updated in 2003 to include the newly published housing permits for 2002 and 2003. The
analysis was also substantially modified to include a new methodology for using the EPA’s eGRID
program, which is based on extensive discussions with EPA. Additional information can be found in
Section 8 of this report.

4.2.7  Development of an Analysis Plan to Report Energy Reductions and Link to Emissions Reduction

In 2002 the Laboratory initiated the development of an analysis plan to report the energy reductions from
the implementation of the IECC / IRC to the TCEQ. This analysis plan consists of several tasks. The first
procedure required annual, countywide kWh reductions and peak kW reductions from the implementation
of the IECC / IRC to new construction. Results from the application of the first procedure were submitted
in the Laboratory’s 2002 Annual Report, and are updated in this report. The second procedure requires data
and calculations from several state agencies, university labs and private entities, which is still undergoing
discussion and review by the participating agencies. Additional information about both procedures are
provided in the sections that follow in this report.

4.3  Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.

4.3.1  Self-Certification Form (Version 1.04) Published

The Laboratory maintains a self-certification form for code compliance for residential buildings in
unincorporated areas that is available for downloading as a PDF file at the Laboratory’s web site (i.e.,
eslsb5.tamu.edu). An example of the self-certification form is provided in the Appendix, Figure 66 and
Figure 67. This two-page form provides a simplified checklist for a builder to use to self-certify that they
are compliant with the IECC / IRC.

4.4 Sec. 388.007. Distribution Of Information And Technical Assistance.

4.4.1 Laboratory’s Senate Bill 5 Web Site Operational “eslsb5.tamu.edu”

Since the Fall of 2001 the Laboratory has maintained a Senate Bill 5 web page (i.e., eslsb5.tamu.edu),
where information is provided to builders, code officials, the design community and homeowners about
Senate Bill 5, including:

e A summary of Senate Bill 5,

e Information about the Laboratory’s Senate Bill 5 training programs,
Copies of the Builder’s Guide (B&W or color PDF),
The Builder’s self-certification form,
The Laboratory’s letter regarding the R8 flexible duct issue,
A copy of the Laboratory’s 2003 ICEBO paper that describes the prototype Emissions Reduction
Calculator, and information from the 2002 Annual Report,
A copy of the Laboratory’s 2002 Annual Report,
The Laboratory’s standardized HERs Reporting Form,
Information about the Laboratory’s analysis of Energy Star BOPs for Houston and NCTCOG,
Related links (TCEQ, PUC, DOE, SECO, EPA, NCTCOG, AACOG),
Information about the Laboratory’s communications to the Texas Legislature.

* 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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IRC.

4.4.2  Web Site for the Emissions Reduction Calculator Developed.

4.4.2.1 Prototype Emissions Reduction Calculator (Beta 1.0, “eslsb5ec.tamu.edu”).

In the fall of 2002 a prototype Texas Emissions Reduction Calculator was created to demonstrate the
concept of an accurate, easy-to-use, web-based tool for calculating the emission reduction credits
attributable to a single-family residence that is designed and built to meet or exceed the specifications of
the 2000 International Energy Conservation Code (2000 IECC), as amended by the 2001 Supplement. In
the summer and fall of 2003, the TCEQ and the Laboratory negotiated a contract for further development
of the calculator, with support from the EPA. This contract was signed by both parties in November 2003.

The prototype calculator was configured initially for the Houston area and utilizes the June, 2002, NOX,
S02, and CO2 emissions rates published by the United States Environmental Protection Agency (EPA) for
the electric utility provider indicated for the chosen county. The Texas Emissions Reduction Calculator
uses the Energy Systems Laboratory's Code Traceable Test Suite to create an IECC code-compliant, DOE-
2 hourly, base-case simulation for a house that has the same location, azimuth, conditioned area and
window-to-wall area as the house under consideration. Energy efficiency improvements can then be
entered on the "House Details" screen for a target house. The calculator then determines the annual
emissions resulting from the code-compliant, base-case house and compares these emissions to the target
house.
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Figure 8 shows the opening page of the Emissions Reduction Calculator that includes information about
what the calculator is intended to be and a step-by-step procedure for using the calculator. Figure 9 shows
the Main Entry page of the calculator, which allows the user general information about the house including:
the address, city and ZIP code for the house, the affected or non-attainment county the house is located in,
the nearest city for weather information, the direction the front of the house is facing, and the depth and
width of the house.

Figure 10 shows the calculator’s House Details page, which includes additional information that the use
can enter, including: the window area, window U-factor, solar heat gain coefficient, the house’s floor type,
information about the house’s floor information, solar energy contributions (a place holder for future
functions), the R-value of the wall insulation, R-value of the attic insulation, duct location, type of water
heater, heating system type, efficiency of the heating system, cooling system type, efficiency of the cooling
system, and cost information for electricity and natural gas.

Figure 11 shows the display that the calculator presents to the user while it performs the DOE-2 simulations
to determine the code compliance and emissions reduction. In this display the calculator indicates which of
the two simulations the calculator is performing, first, the calculator simulates the base case house (i.e., the
code compliant house) that has same description as the user’s house, only with code-compliant features
(e.g., R-value, SHGC, etc.). Once this simulation is finished the calculator simulates the Customer’s house,
and then posts the results on the Annual Emissions screen, as shown in Figure 12. In Figure 12 the results
are shown for a code compliant house (i.e., there is no difference between the customer’s house and the
base case house). These results include information about the total energy use, electricity use and natural
gas use, with each of the categories including cost, energy, NOx, SO2, and CO2 values.
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Figure 8: The Emissions Reduction Calculator: Entering Page.
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Figure 10: The Emissions Reduction Calculator: House Details Page.
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Figure 12: The Emissions Reduction Calculator: Results Page.
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Figure 13: The Emissions Reduction Calculator: Results Page Footnote.

Should the user be interested in finding out more information about how the calculations were performed,
they can click on the “footnotes” link, and the information shown in Figure 13 appears, which contains the
name of the county and the EPA emissions factors for the county (i.e., Harris county, with EPA emissions
data for Reliant Electric), information about the transmission and distribution losses, and the emissions
factors for natural gas.

4.4.2.2 Enhancements to the Emissions Reduction Calculator.

In the spring of 2003 the Laboratory formed a partnership with the Texas Commission for Environmental
Quality (TCEQ), and the USEPA, to enhance the Emissions Reduction Calculator. The Laboratory will
work closely with the TCEQ, using funding provided by the USEPA, to enhance the calculator to include
the following new features:

e Expand the calculator to be fully-functional for all (41) affected and non-attainment counties,

e Expand the calculator to include: single-family residential (1 or 2 story), multi-family,
commercial, individual renewable energy systems, and community-based energy efficiency and
renewable energy projects.

Additional enhancements are planned for the 2004/2005 fiscal years.

4.4.2.3 Developed new Emissions Calculation Procedures Using eGRID Matrix

In 2002 the Laboratory calculated emissions reduction from the implementation of the IECC / IRC to new
construction of single-family homes. This calculation relied on the NOx/MWh values that were published
by the TCEQ?®, which used the emissions factors published by the EPA in their eGRID database®. These

® The Ibs-NOx/MWHh are those published in the TNRCC’s June 5, 2002, Houston/Galveston Attainment Demonstration and Post-1999
Rate-of-Progress SIP, Appendix A: Description of the Methodology for Determining Credit for Energy Efficiency, Table 3,
(TNRCC 2002).

® E-GRID, Ver. 2, is the EPA’s Emissions and Generation Resource Integrated Database (Version 2). This publicly available database
can be found at www.epa.gov/airmarkets/egrid/.
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values were published in a tabular format similar to that shown in Table 2, which represented the total
NOx/MWh generated by the utility supplier in all the utility plants that served the customer. In the 2002
analysis the Laboratory used the utility map provided by ERCOT to assign the utility provider for a given
county, which is shown in Figure 14. This analysis showed that the proper use of the eGRID NOx/MWh
values combined with simulated peak-day electricity savings increased the reported NOx savings by 2:1
when compared to the NOXx savings calculated with average annual values.

In 2003, after discussions with the EPA and the TCEQ, the Laboratory developed a more robust method for
assigning utility suppliers and then, using eGRID, assigning the electricity production to a utility supplier
and its power plant, across counties. This procedure is illustrated with the information provided in Table 3
through Table 5, and Figure 16 through Figure.

In Table 3 the NOx production for each power plant is provided from the eGRID database’, for ten electric
utility suppliers (i.e., AEP, Austin Energy, Brownsville Public Utility, LCRA, Reliant, San Antonio Public
Service, South Texas Coop, TMPP, TNMP, and TXU). This new matrix was utilized to assign the power
plant used by the utility provider, once the utility provider had been chosen for a given county. In 2003, the
previous procedure, which had assigned a utility provider according to the information provided in Figure
14 was replaced with the utility providers shown in Table 4 and Table 5, which were obtained from the
Texas Public Utility Commission in November 20025,

Figure 16 through Figure 19 present the results of the application of the eGRID database to the 2002
electricity from the implementation of the IECC / IRC to single-family residential construction®. In Figure
16 and Figure 17 the magnitude and geographical distribution of the peak-day electricity savings from the
implementation of the IECC / IRC is shown for the new housing permits reported in 2002. In Figure 18
and Figure 19 the magnitude and distribution of the NOx reduction from the electric power plants is shown,
as reported with the November 2002 eGRID database. A comparison of Figure 16 and Figure 17 against
Figure 18 and Figure 19 clearly shows the value of the proper use of the eGRID matrix in its ability to more
accurately calculate the magnitude and geographic distribution of the NOx savings from new single-family
homes, which are constructed to the new IECC / IRC standard. Therefore, the NOx emissions reduction in
this year’s report include the simulated peak-day electricity savings and the November 2002 eGRID matrix
to calculate the magnitude and geographical distribution of the NOx emissions reduction.

Electric Utility NOx Emissions (lbs/MWh)
American Electric Power — West 2.90
Austin Energy 2.56
Brownsville Public Utility 2.24
Lower Colorado River Authority 3.16
Reliant Energy 2.50
San Antonio Public Service 2.65
South Texas Electric Cooperative 3.28
Texas Municipal Power Pool 3.22
Texas-New Mexico Power Co. 1.59
XU 3.66
ERCOT Average 2.69

Table 2: EPA eGRID total emissions factors for selected utilities.

" The information in this table is from the November 2002 edition of the E-GRID database, provided by Art Diem at the USEPA.

8 For the purposes of the 2003 report, the first provider in each county was assumed to be the utility provider for the entire county.

° Additional information can be found in the report: Haberl, J., Im, P., Culp, C., Yazdani, B., Fitzpatrick, T., Verdict, M., Turner.
2003. Procedure to Calculate NOx Reductions Using the Emissions and Generation Resource Integrated Database (E-GRID)
Spreadsheet, Energy Systems Laboratory Report No. ESL-TR-03/05-xx, (May).
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48021
45029
43039
48041
48057
48061
48071
45073
48051
45053
49055
49104
49113
48121
45147
45149
49157
48161
49163
49167
49185
48197
48201
45207
49213
49215
45221
49251
49253
48277
49293
49299
49309
49335
49353
45355
45363
45367
49367
49395
45401
49439
48441
45449
49453
45459
48475
48479
48481
48503

Cnty_FIP County

BASTROP
BEXAR
BRAZORIA
BRAZ0S
CALHOUN
CAMERON
CHAMBERS
CHEROKEE
COKE
COLEMAN
COLLIN
CROCKETT
DALLAS
DENTON
FANNIN
FAYETTE
FORT BEND
FREESTONE
FRIO
GALVESTON
GRIMES
HARDEMAN
HARRIS
HASKELL
HENDERSON
HIDALGO
HOOD
JOHNSON
JONES
LAMAR
LIMESTONE
LLANO
MCLENNAN
MITCHELL
NOLAN
NUECES
PALO PINTO
PARKER
RED RIWVER
ROBERTSON
RUSK
TARRANT
TAYLOR
TITUS
TRAVIS
VICTORIA
WARD
WEBB
WHARTON
YOUNG
TOTAL

American
Electric Power -
West
(ERCOT)/PCA
0.0
0.06
0.0

0.19
0.14
0.05
0.01
0.03
0.02
0.01
0.14
0.06

0.0z
0.0z
0.13
0.0z
0.05
0.0s
0.0
0.01
0.05
0.16

0.13
0.0z

0.14
0.01

0.04
0.04

074
o001

0.01
0.04
0.01
0.01

0.30
0.08
0.08

002
2.90

County-wide NOx Reductions in pounds per MWh for EE/RE implemented in each listed PCA

Austin
Energy/PCA
020
0.03
0.01
0.01

0.08
0.01

0.01

0.06
0.01
0.02
0.86
017
0.0z

0.08
0.01

0.07

0.0z2

0.01
012
0.04
0.04

0.01
002

0.01
0.04

0.01
0.45
0.01
0.08

0.02
2.56

Brownsuville
Public Utils
Board/PCA

0.04

0.14
0.20
0.03
0.01
0.02
0.01

0.11
0.04

0.01
0.02
0.10
0.0z
0.04
0.04

0.01
0.04
012

0.10
0.02

0.11

0.03
0.03

0.55
0.01

0.01
0.03

0.01
0.22
0.04
0.05

0.01
2.24

Lower Colorado
River
Authority/PCA

0.34
0.16

0.m
0.m

0.02
0.02

0.02

0.09
0.m
0.03
1.51
0.08
0.04
0.m
0.0z
0.0z

0.02
0.0
0.0

0.04

0.1
0.07
0.07

0.02
0.03

0.01
0.06

0.02
0.0s
0.m
0.09

0.03
.76

0.0s

035

0.01
0.03
0.01
0.01
1.01
0.0

0.339
0.0

0.41

0.01

0.0s

0.0z
0.0z

o001

o001

0.01

0.0z

0.0z

0.0
o001
2.50

San Antonio
Reliant Energy | Public Service

HL&P/PCA Bd/PCA

0.01
2.00
0.01

0.08

0.01

0.04
0.23

0.09

003

0.01
0.01
0.01
0.01

0.01

0.01

0.01

2.65

South Texas
Electric Coop Texas Municipal

Inc/PCA Power Pool/PCA

0.05

0.03
0.04
0.03
0.03
0.02
0.01

0.05
0.03
0.09
0.04
0.03
0.01
0.0
0.03
1.15
0.04
0.06

0.04
0.03

0.03
0.03

0.03

0.06
0.06

015
0.09
0.01

0.01
0.05
0.0z
0.65
0.08
0.01

0.03
3.28

0.m

0.m
0.m

0.02
0.06

0.19

0.30
0.15
0.09
0.02
0.08
0.12
0.07
0.03
0.23

0.02
0.0
0.02

0.12
0.m

0.22
0.1

0.02
0.36
0.03
0.0

0.04
0.18

0.0s
0.0s
0.28

0.09
3.22

Texas-Hew
Mexico Power
Co/PCA

ooz
ooz

0.09

0.03

0.07
0.04

0.42

003

0.01

0.04

.07
.07

oo

0.40
0.01
0.06

0.02

0.10

003
1.59

TXU
Electric/PCA

0.01
0.01
0.01
0.03
0.10

0.0z
0.01
0.51
0.01
017
0.02
0.10
0.22

0.04
0.01

0.04
0.01
0.03

0.22

0.01
0.01

0.40
0.39
0.01
0.03
0.02

0.02
0.01
0.07
0.33

0.10
0.01
0.51

016
3.66

Table 3: eGRID NOx emissions for Texas counties in ERCOT Power Control Area.
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CRARSON 1 Panhasdla Ragiensl Plansing Commigeion HCELIERE)
CASS L] Ak Ten Counci of Governmgnts: Upshur-Rural EC Eiwi EC
CASTRO 1 Panhardla Reaginal Plansing Cammissan NCELISFS) Deat Smen EC Bailery County £C Lamh Courty EC Swisher EC
1B H h Area Council RELANT(CENTER POINT) ENTERGY
CHERDKEE & East Towas Council of Gowemmants ONCOR Chemkee Courty EC Haustan Gounty EC
CHILORESS 1 Panhaedle Regional Planving Commissan WL werkall EC Lighthouss EC South Plains EC Harrnen EC
CLAY 3 Horth Tewas Regicnal Plarcing Commizzin ONCOR T-HMP Sl EC Wige EC
COCHRAN 2 South Plang Associston of Gowmesnls MCELISPE) Haksy Counly EC Lamb Counly EC Les Cenmly Ee
COKE 10 Goncho Walley Counsil of Govemmants WTUAEF) Conche Valley EG Taylor EC
COLEMAN 7 Wl Contrsl Tazas Councl of Gevmmanls WTURER} Calérnan Cap Reck EC Colrran Counly EC
COLLUN 4 Morth Cantral Tawas Countd of Govemmants ONCOR T-NMP Famarsvile Cap Rock EC Grayson-Colin EC CoSewE FEC Electric Fannin Caunty EC
COLUNGEWORTH | 1 Panhasdls Ragieasl Plansing Commigsin WTURER) Geegeiall EC
COLORADO 16 Houston-Gabeston Area Council CPLAEP) Weimar Fayetie EC Bhatbonne EC San Benard EC Wharton County EC
CNAL W Alwmo Awea Council of Govemmans PS8 Herw Braunfets Fadamales EC
COMANCHE T West Centrsl Texas Counci of Govemments ONCOR T-NHP Corranche EC United Coop Senices
CONCHO 10 Gonche Valley Council of Govemmants WTUAEF) Concho valley EC Gap Rock BG Coleman County G Southwest Tr EC
COOKE 22 Teweens Cousil of Govemments ONCOR Cooke Cousty EC CoSen E ‘Wige EC
CORYELL 2 Central Texas Council of Goepmments ONCOR T-NMP McLennan County EC Hamiton County EC  United Coop Senices
COTILE 3 Morh Tazas Ragienal Plancang Commisson WTURER) South Plans EC
CRANE a Pemian Batin Regional Planning Cammnission ONCOR
CROCKETT 0 Concha Valsy Council of Govammants WTLRER) Pio Grands EC Sauthwast Tx EC
CROSBY 2 South Plans Associston of Govwemments NCELEPE) Crosbylon Lighthouse EC South Plains EC
CULBERSDN B Rio Granda Counci of Gowsmanents. EREC Rin Granda EC
DALLAM 1 Panhandle Regional Plansing Commission Rita Blanca EC
OALLAS 4 Noh Gentral Texas Gouncd of Govemmants ONCOR Gartang FEC Elnctric HLCO BC Trnity Valiny EC
DESTN 9 Purmian Bagn Regionsl Planning Cerrrgion ONCOR Lymegis EC Cap Ruck EC
DEAF SMITH 1 Panhandlo Fogioral Plancing Gommission HCELEPE) Dieaf Smith EC Famers EC How Moxico
DELT2 S Adk-Tex Councd of Govmewnls. ONCOR Lamar County EC FEC Elpetne
DENTCH 4 Horth Central Tewas Councd of Govemmants ONCOR T-HMP Duntan Sanger Cooke County EC CoSen E Wise EC | TreCounly EC
DEWTT 17 Gelden Crascent Rugiorsl Plansung Commissan  CPLAER) Yaukun Cumrs D EC Wictana EC South Taxas EC
DICKENS 2 South Plans Assacistion of Govemments. WTUAEF) South Plans EC Lighthouse EC
DIMMIT 24 Middia Fin Grands Devalopmens Councsl CPLAEF) Mading EC Fin Grands EC
DONLEY 1 Panhaesdly Ragiersl Plansing Commissin WTLAER) Grprball EC Lighthouse EC
DLPVAL M Coastal Bend Council of Govemments CFUAEF) Mading £C Maces EC Soueh Texas EC
EASTLAND T Wes! Cenlrsl Texas Councl of Govemments ONCOR WTLIAEF) Comanche EC United Coop Senices  Taylo EC
ECTOR 9 Pomian Bagn Regional Flannig Comenession  ONGOR Galdsmith Gap Fiock EG
EDWARDS 24 Midde Rio Grande Develupmen Councl LPUAER) Rio Graedu EC Medina EC Pedgrnsles EC Sauthwest Ts EC
ELPASO 8 Rio Grande Counci of Gowmments. EPEC Rio Grande EC
ELLIE 4 Modh Contrsl Tazas Councd of Gevmmanls ONCOR Hipvsera Counity EC HLCO EC Unded Cosp Serncus
ERATH 4 Morth Cantral Tawas Countd of Govemmants ONCOR T-NMP United Coop Senices
FaLLS 11 Haa of Texse Council of Govammants ONCOR Bakalls £C MzcLannan County EC Maveaols Valley EC
FANNN 22 Tewoma Coucil of Govemments ONCOR T-NMP Fanwin County EC Cap Rock EC FEC Electric Lamar Ceunty EC
FAYETTE 13 Captsl Ares Planning Council La Grange Schulsnhurg latoraa Fayatta EC Blushonest EC
FISHER T sl Cenlral Texas Councd of Govemments WTLAEF) Big Coustry EC Cap Fiock EC Taylor EC
FLOYD @ Gmuth Plans Associabon of Gowmments HNCELISPS) Floydada Lighthouse EC Sogh Plans BG
FOARD 3 Monh Texas Regional Plansing Commisen WIUAEF) Southreet Rural EC South Plaing EC Tei-Cousty EC
FORT BEND 16 Houston-Gabeston Area Council RELANT(CENTER FOINT)
FRABLIN S Adk-Tex Councd of Gowmewnts. SWERCOGAER) FEC Elclne Ewp-Cass EC Woad Courty EC
FREESTONE 1" Hean of Tewas Couril of Govemments ONCOR Navazata Valley EC Mavamg County EC Houston County EC
FRI 1B Aleeno Awa Couned of Govammants CRUAER) Misdins EC
GANES 9 Permisn Basin Regions) Planning Comerission  WCELISPE) Lyrteger EC Lea Counly E¢
GALVEETON 16 Houston-Gahweton Ams Councl RELANT(CENTER POINT)  T-NMP ENTERGY
BARLA 2 South Plans Associstan of Gowmments NCELEPE) Big Courtry EC Lyntegar EC South Plains EC
GLLESPIE 18 Alamo Ama Council of Govemmants Fradanciebung Fademalas EC Cantral Taxas EC
GLASSCOCK, 9 Permian Basin Regionsl Planning Comminsion ONCOR Cap Rock EC
GOLIAD 17 Gelden Crescent Regional Planning Commission  CRLAEF) Kamns EC Wictona EG San Patnc EC Dewitt EC
GONZALES 17 (Gelden Crescent Regional Plansing Commissnn  CPUAER) Genrales Wastlder Guadakgs Yaley EC
GRAY 1 Panhandle Fogioral Plancing Gommission HCELEPE) CGoperkah EC
GRAYSON 22 Teweens Cowsil of Govpmments ONCOR T-HME Wslasbara Grapson-Colbn EC Fancen Counly EC Cooke Counly EC CoSenE
GREGG & East Tanas Countil of Gavemmants SWEPCOAEF) Rusk County EC Upshur-Rural EC
GRMES 1% Brazos Valay Councd of Govammants ENTERGY Mid-Sauth EC San Eanard EC
GUADALUFE 1B Alamo Asea Countil of Gevemmaents CPEB Segun Guadalupe Valey EC Bhatbonne EC Fedemales EC
HALE 2 Smnh Plans Associaon of Gowmmsnts NCELISPS) Swekar EC Lamhb County EC Laghthause EC Sauth Flaing EC
HALL 1 Panhaesdle Regiersl Flancing Commission WTLAEF) Lightheuie EC Seuth Plaing EC
HARILTON 3 Contrl Texas Cooncil of Greemments T-HMP United Coop Seraces Hamation Courdy EG McLeraan County EG
HANSFORD 1 Panhsedle Regieral Plansing Commisssn RHCELSPS) T-HMP Parth Plains EC Rita Blinca
3 Horth Tewas Regicnal Plarcing Commizzin WTUAEF) South Plans EC Southwest Roral EC Haman EC
HERDIN 15 South Eust Taxas Rugenal Plarvang Commissan ENTERGY RELANTICENTER POINT) | Sam Homsplens EC
HARRIS 16 Houston-Gabeston Area Council REUANT(CENTER FOINT)  ENTEREY Sdn Banard EC
HARRISON B East Tuzas Council of Govemmants EWEPCIAER) Panols-Harerion EC Upshur-Fursl EC
HARTLEY 1 Panhandle Regional Plansing Commission Rita Blanca EC
HASKELL T Wasi Cenirsl Taxas Councd of Govammants WTURER) Big Coustry EC TreCounly EC
HAYS 12 Capiol Area Planning Council Bam Marcos Pedemales EC Elusbormet EC
HEMPHILL 1 Panhardla Reginal Plansing Cammissan Canadian Horth Flaing EC raanhet EC
HENDERSON B East Texas Countil of Govemments ONCOR Trinty Vlley EC
HIDALGO 21 Lower Ain Grange Valley Deelopment Gouncl CRUAEF) Magic Vailny EC
HILL 1 Hearl of Texas Countil of Gavemments ONHCOR NP HILCO EC Mirssota Valley EC Navams County EC
HOCKLEY 2 South Plains Associstion of Govemmants. HCELEPE) South Plaing EC Lyntegar EC Lamb Courty EC
HOOD 4 Modh Contrsl Tazas Councd of Gevmmans ONCOR TP Granbury Unded Cosp Semncus | Tn-Counly EC
HOPHING: & Ak Tau Councd of Govemnnents. ONCOR SWEPCO[AEF) FEC Electric ‘Wood Courty EC
HOUETON 14 Deep Eaet Texae Council of Govemmants ONCOR Haugton Cousty EC
a Permian Bagin Regional Flanning Commission ONCOR Cap Rock EC
HUDSPETH B Rio Granda Counci of Gowmanents. EFEC Rin Granda EC
HUNT 4 Morth Centrsl Texas Council of Gowmments ONCOR T-NMP Greermelle FEC Electric Cap Rock EC Trinity Valey EC Farein EC
HUTCHINSON 1 Panhandle Angicnal Plansing Gammittes HNCELISPS) HNorth Flaing EC Fita Blanca EC
IRKIN 10 Conehs Waley Council of Govemments WTUAER) Cap Rock EC Cancho Valky EC Southwest Texss EC
| IACH 2 Horh Central Texas Councd of ONCOR T-NWP S EC Tri-County EC Fort Balknap EC Wise EC

Table 4: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us. November, 2002)
(Part a).

December 2003. Energy Systems Laboratory, Texas A&M University
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Rugion
County MHambe Ragios Hamn Elecaic Uilition
iacsson 17 Galéan Crascent Regional Planning Commisson  CPLIAEF) dsckion EC Vietes EC Dot EC
el 14 D«pEm Tinas Council of Govermmants ENTERGY Juiper Hirbryvile Juspar-Miewton EC Dawp East Tazis EC S Hauazen EC
LJEFF s ] o Grands EC
JEFFERSON %
18 Madna £C
L wELLE ] Mueces £C San Patnci £C
4 THMP United Cotp Seeices  HLCO EC
JONES 7 Tayior EC B Courtry EC
KARNES: 8 Florupile Hames EC e EC
AUFMAN 4 Triesty Valley EC FEC Electne
3 18 Cartrsd Tonas EC Blasdues EC
KENEDY X
T
ERR " Cantral Taxas £C Peemales £C
lamBLE i
NG 2 T Cownty EC
NNE Y u EC Pedemules EC
EBERD k]
i 7
LA SALLE u
LAMAR 5 Lamar County EC Fanren Courty EC
Lan 2 ty EC 5 EC
LaMPASAS Lampasas améton Courty EC Pedemales £C
Lavaca, 7 oskum Mabatisnby Moutton Shinar Sweet Home Dewie EC  Guadahope Valley EFayette EC
LEE 12 Lo Fayatte EC Blaubennet EC
LECH 13 ENTERGY Nvwtota Valey EC Howston Cousty EC
LBERTY 18 Sam Heusten EC
1 ENTERGY Mikiots Vallyy EC Havamo County EC
LPSCoME 1 Marh Plass EC
UVE QK [ San Patnc EC Hames EC MNurces EC
LLanG 12 5 G Cantral Toxas £C
LOVING ]
LUBBOCK 2 Lubback Sauth Plans £C
LYNN 2 South Plaies Association of Govermments ONCOR Lyntegar EC South Plains EC
MADISON 13 Brazos Valiey Council of Gowmemints ENTERGY Foustan Ceurty EC Mg Seuth EC Harvascts Valley EC
MARION ©  Ewst Tnas Council of EC
MARTI 9 Pyesisn Butin Regisnsl Planning Comemistion CHCOR C»MEC Lyratkghr Ef
MASCH 10 Conchs Valley Councd of Goveenmanty. Magan Cap Rock EC Cantral Ta Prsamalas EC
MATAGORTIA 16 Hosston Gabesion Area Council GPLAEF) ﬁeumltceulen PORT) Jacksen EC Wihartan County EG
MAVERICH Middia Flia Geande Development Councd CPLAEF)
McCULLOCH 10 Conche Valey Councd of Govesmants. WTLGAEF) sm; ‘Cap Reock EC Central Texas EC
MCLENSAN 11 Heart of Texas Councd of Govenments. OWCOR THMP McLoanas Cowty EC HILEO EC Mavasota Valley EC
MEMULLEN 20 Cowstal Bend Council of Govemments GPLAEF) wames EC Madna EC Nueces EC San Patrico EC
MEDIHA 18 Alama Area Council of Gavemments CPLAEF) cPS8 Castriibn Hosda Mydina EC Banara EC Wames EC
MEMARD 0 Comche Valey Couned of WTLHAEF] Cap Rk EC Southwest Tezst EC Padamalys EC Cartest Tunas EC
MOLAKD 9 P Bapn Regionsl Planng Commsgion  ONCOR ap Rock EC
MLAM 3 Contral Taxsn Couned of ONCOR NTERGY Bantlatt EC
MLLS 23 Contral Tawas Cowncd of Gompmments Gap Rock EC Hamdton County EC omanche EC
MITCHELL 7 West Contral Texas Counci of Govmments CWCOR Cap Fock £C [ Concho Valey EC
MONTAGUE 3 Mosh Taxas Regienal Planning Commession MCOR i Cooke Courty EC Wise £ St BE
B o a ] ENTERGY RELUNTICENTER PONT)  Wid-Ssuth EC Sam Mouston EC San Banwd EC
MOORE 1 Pashucdle Regioal Plasning Commission Fita Blanca EC
MORRS 5 AkTax Council of Gowmments SWEPCOIAER) B Cats EC Upshver-Fursl EC
MOTLEY 2 Sesth Pu-num-mu Fl Lighthersin Ssuth Plams EC
MACCGOOCHES i |‘ Chimckie Cousty EC Dawp East Toxun EC Rusk County EC
NANARRD 4 My Coenty
NEWTON 4 Jasper-tipwion EC Daop East Tewas EC
NOLAN 7 Taylor EC Cap Rock EC I Counery T Concho Valley £C
NuECES F] Mseces EC San Patricio €5
OCHLTREE 1 Marth Pians EC
1 Dusf Smith EC Fita Branca EC
15 dsapee-Hpwtcn EC
PALD PINTO! 4 Nosh Cureesl Tonas Counci of Govmearnts o TNMP T Coerty EC Uritad Coop Sarcet
PANCLA 6 Ewst Tnss Counsil of Govarmments SWEPCO(AER) Fusk County EC [Pancis-Hamaen EC D Esnt Tumas EC
PARKER & Nosh Cortesd Tenas Council of Gowmerants OHCOR aharied Wi EC Tr-Courty EC
PARMES: 1 Pashandie Regional Flasning Commis: HLELESPS) Daat Smin EC Badey Courty EC
PECOS 9 Pesmian Basin Regienal Planreng Commession F) R T Rio Geande £C Southwast Texas EC
[ 14 Desp East Texas Council of Govemments ENTERGY on Sam Houston £C
POTIER 1 Pashusdle Reponsl Flssning Commission NCEL(SPE) Fits Blanca EC
PRESIDI0 8 P Grande Cowncd of Govenments WTLAEF) Fio Grande EC
RAINS B Eust Tonas Council of Gowmements T-NMP FEC Eletric Weod Courty EC
RANDIALL 1 Pashandle Rigional Plasning Cemmitiion MCELSPS) wenbell EC Swithar EC
REAGEAN 10 Conchs Valley Councd of Gowenmants. WILLAER) Cap Rock EC Canchn Valley EC Sendtreyst Tnas EC
REAL 24 Muidle R Geande Development Councd CPLAER) EC Cantral Tonas EC Madns EC Fademales EC
RED RVER 5§ hkeTex Council of Govmments CWCOR SWEPCOPER) TP Lamar County B¢ Boww-Cass EC
S 9 Peemian Basn Regenal Plannng Commssion  WILYAEF) o TP Fiis Geande EC
REFUGID X Cosstel Berd Councd of Govemmants CPLAEF) San Patncw EC Victona BC
ROBERTS 1 Pashusdle R Flasning Commission Greanbel EC Mt Plains EC
ROBERTSON 13 Brazos Valley Counsil of Govemments ENTERGY Hawrn Banchaly ihesleck Mwiota Vabey EC
ROCHWALL 4 Nosh Careral Tonas Counci of Gommeants CWCOR FEC Eletric
RUNNELS 7 Wient Cureeal Tonas Counci of Gommenants ) Colman Cousty EC Concha Valley EC
RUSK & Essl Tonss Council of Govarmments SWEPCIHAER) Rk Cousty EC Charskes Counly EC Dawp Esd Tozws EC Upsbur Ruesl EC
SABINE 14 Detp East Tenas Courcil of Govemments Pineland Jaspe-hirwion £C Dwep East Tonas EC
S0 ALGLETINE 18 Deep East Texas Councl of Govemments ina Duop East Taxas EC
S0 IACHTO 14 Detp East Texas Council of Govemments ENTERGY Sam Mauston EC
SAN PATRICIO 20 Cosstal Berd Counci of Govemments CPLAEF) San Patricio EC
SAN SABA, 23 Central Tenws Council of Govmmunts San Sabs Cortsl Tenas EC Hamiton Courty EC Cap Fock EC Fademakes EC
SCHLEICHER 10 Comchs WTLKAER) demaies EC Southwast Tesus EC
SCURRY 7 Wt Cureesl Tonas Counci of Gommerarnts CHCOR Cap Fock EC g Courtry EC
SHACKELFORD 7 Wiest Cureesl Tonas Counci of Govmenarts F) Fort Balhnap EC g Courery EC Comancha EC Taylor EC
LBY 4 Deap Esnt Tenss Council of Govememants SWEPCO(AER) Do Enat Taxns EC sk Courky EC
SHERMAN 1 [Pashandie Regional Flasning HEE Fiita Blanca EC
ST & East Toxas Council of Govemments CNCOR SWEPCOAEI ‘Wod County EC Cherokes County EC  Upshur-Aurd EC
SOMERVELL 4 TN Unsed Cosp Services
STARR 18 CPLAEF) Madina EC Magic Valley EC
STEPHENS 7 OWCOR Comanche EC Fos Belknap EC United Coap Serwcirs
STERUNG 0 WTLYAER] Cap Rock EC Cancha Villey EC
T WTLRAEF) i Y
SUTTON 10 WTLRAEP] Pudsmales EC Saouthwast Texan EC
SWISHER 1 ACELSPS) Swanhar EC Lightheuss EC
TARRANT ] ORCOR TreCounty £ CaSe E Unded Coop Saneces.
TAYLOR ? WTLGAEF) Taylor EC
TERRELL ] NP Fio Grande £C
TERRY 2 NCEL(SPE) Lyntegar EC
THROCKMORTON 7 West Cortrsd Tenas Council of Govermmnts WTLAEF) Fort Balknap EC EC Tri-Courty EC
Ak Tax Council of Gowmemints SWEPCOIAER) Bow-Cant EC Wood Coenty EC
TOM GREEN 10 Comche Valey Councd of Gowermanes WTLKAER] Concho Vally EC Cap Rock EC Sttt Touas EC
TRAMS 12 Cagacl Ams Plannng Ceuntil ORCOR Austn Errgy Padeesales EC Bikeabennat EC
TRINITY 14 Dewp East Toxas Council of Govemmants ENTERGY Mouston County EC Sam Houston EC
TYLER 14 Dep East Texas Counci of Govemments ENTERGY am Houston EC
[ ast Taxas Caunc o EC ‘Weod County EC
UETON 9 Peemian Basin Regienal Plannng Commission  WILYAEF) ONCOR Cap Rock £C Southwest Taras £C
UVALDE U Midde andk Develepmint C: CPLIAEF) Bandara EC Madins EC Ris Geande EC
VAL VERDE 24 Muddie Fio Grande Devslcpment Counci CPLAEF) Fiio Grande EC Southwest Teaus EC
[an ZasT G Eust Tonss Council of Gowmements CWCOR SWEPCOYAER) ‘Wead Courty EC Trieity Valy EC FEC Elsetric
acToRa 17 Galéan Crascent Regional Planning Commisson  CPLIAEF) Vitera EC i EC
16 HowonGabason Ara Council ENTERGY Md-Sauth EC ‘Sam Heuston EC Henstlon Cousty EC
wiaLLER 16 HosstonGabesion Area Council RELANTICENTER FOINT) Memgstasd Mg South EC San Barard EC
[wiasn Feemian Basin Feganal Commssion  ONCOR THMP
[wiasHmisTon 13 Brazos Valley Council of Govemments ENTERGY Blusboanet £C Fayette EC
wian 13 South Tewas Development Couscl CPLAEF) FRio Grande £C Wadna EC
[ WHARTON 16 Howston Gabeston Area Council RELIANTICENTER FOINT) | CPLIAER) ‘Wharlon Couty EC
| WHEELER 1 Pashiedle Regiomal Flasning Commissien KCELISPS) WTUAEF) Graenbent EC Mosth Flains EC
[wACHITA, 3 Hosh Taxas Regiensl Plannng Comemesion CHCOR Electra Ssuthwast Rersl EC
wBaRcER 3 Mosh Tarss Regiensl Planning Comemession WTLGAER) men Ssuthwast Rersl EC Tri-Courty EC
waLacy 21 Lowar R Grande Valky Dmbspment Conned  CPLIAER) Miage: Valley EC
[WILLIAMSON 13 Capaol Area Planning Council CHCOR Austn Errgy Gesrgwiown Bleabznnat EC Bartles EC Pademaias EC
fwison 1 Aamo Amea Counci of Govemments Floreswile Guadalupe Valley EC Hames EC
fwraan 9 Peemian Basn Regenal Plannng Commession  ONCOR THMP
s 4 Nosh Central Texas Counci of Govwmments CMCOR Wise £C Cogke County CaSers £ TriCounty £C
[wooo & Ewst Tunas Council of Gowmments SWEFCOIAEF) ] Upshoer.Fural EC Wood Coenty EC FEC Electne
0N 2 Sosth Pliiss Assocition of Govemmments Lyrtegan EC Lea Courty Ec
TOUNG 3 Hosh Taxas Regiensl Planning Comemesinn CCOR THMP Fon Belkeap EC Uritad Coop Sarscat
ZapaTA 19 Soth Tenus Ouvelopmest Couscil CPLAER) Madns EC
ZavaLe 24 Maddle P Ge Cowned CPLAEF) dna EC o Grandy EC

Table 5: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us. November, 2002)

(Part b).

December 2003.

Energy Systems Laboratory, Texas A&M University
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Figure 16: Distribution of 2002 Peak day Electricity Savings Due To the IECC / IRC (Single Family

Residential)
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Figure 17: 2002 Peak day Electricity Savings Due To the IECC / IRC (Single Family Residential)

Energy Systems Laboratory, Texas A&M University

December 2003.
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Figure 18: Distribution of Power Plant Peak Day NOx Reductions Due To The IECC / IRC (Single Family

Residential)

Other Counties

HOAWL

[ WY YH
I Eglee]
[ 100

283

{ old4
[ ooTwaiH
| HOLHHA

NYI0M
I
MNOHIWYD
LLIAD0HD
sanar
S07%H8
MOSLH380Y
TIFASYH
MNOHTWD
SAWIED
INOLEINC
H3AE 034
OLMId O d
MNOSHIANIH
OnNETT
8niiL

| 3FAOHIHD
| ORNOA
| MIMMNYS
| 3N0L53344

aooH

IEINERCE
| TIaHDLIN
IENERRTY

ek

MNonattainment & Affected Counties

0.30

025
2

) [=1

=} =}

0.05

{aflysuc]) suonosnpay xoN Aeq yesd

0.00

INEEEE]
IEERE

HNHSAN

| S50H
[ MO

NOSIHEYH

( WIHOLOIA

ELL Tl

[ T13maivo
[ ALle38n

09349

[ D128 1Y NwS
IS
| 5438 MYHD

MY IANYA

| NOSH3443r
[ HLIWS
| OM38 LH04

EERELE]

| 530anN

[ 3dmivaving
[ NOSHHOP
EREE]

ShwH
WHOZ¥HE

| NOLS3ATYE
[ oo

TR D0H

IEEL BRI

08%d 13

| SIAWHL

[ NOSWWITIIAM
| SluuvH

| NOLN3O

Hvx38

| SvTwa
EEES

MNITI0D

County

Figure 19: Power Plant Peak day NOx Reductions Due To The IECC / IRC (Single Family Residential)

Energy Systems Laboratory, Texas A&M University
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4424  Developed Emissions Calculation Procedures For NOx Emissions From Residential Natural Gas
Savings Due to Implementation of IECC / IRC.

The Laboratory developed procedures for accounting for peak-day NOx emissions reduction from natural
gas savings due to the implementation of the IECC / IRC. To accomplish this the IECC code-traceable
simulation was used to simulate the natural gas savings due to improvements in the building envelope, and
equipment efficiencies, as shown in Table 32 for single-family residential and Table 44 for multi-family
residential. In general, the gas savings were due to improved windows, increased insulation levels and the
elimination of pilot lights in the natural gas-fired furnaces™.

In Table 6 and Figure 20 the combined natural gas savings from 96,622 single-family and 36,323 multi-
family units are shown for the 38 non-attainment and affected counties. In contrast to the findings that
showed a 2:1 increase in NOXx reductions when peak-day simulations of electricity savings were used
versus average daily NOx reductions from annual electricity savings (Figure 15), the simulated peak-day
natural gas savings (Figure 20), show a decrease in NOXx reductions for peak-day calculations that used the
NAHB’s 1999 west Texas definition for single-family residences™'. Houses that used the NAHB’s East
Texas definition showed results that were equivalent for peak-day simulations and average daily values
from annual savings. This difference in NOXx reductions is due to the increased heating savings for houses
with the NAHB’s west Texas definitions versus the NAHB’s east definitions. These increased heating
savings were due primarily to the increased window areas (20.6% for west versus 13.8% for east) and an
increase in window U-value differences (47% decrease for west versus a 32% decrease for east).

Hon- Peak-day Hox
attainment | Humberof | |\ o of ) Total Annual LG. | Annual iox |AY®79% 93 | 140 peak-day |Peak-day llox| _Reduetions
County n Sinale | gy gy | NAHB Climate Savings Reductions Hox .G, Savings | Reductions | |1 "NSVAverage
or Family Houses Division Zone (Therm/County) | (Tons) | REQUCHONS |y iCounty) {Tons) day llox
Affected {A) | Houses (Tons) Reductions
County (Tons)

Hartis N 21 587 11287 | East [ 1,401,308.00 1738 00478 3,044 5800 00483 103
Tarrant N 11,700 3729  west 5 1,256,331.00 1559 00427 18514800 0.0230 054
Collin N 3571 72| west 5 1,131,042.00 1402 0.0384 1,248.3600 [ 040
Dallas N 8,170 7324  west 5 1,061,785.00 1347 0.0381 1,859.2600 [E] 054
Bexar A 7571 2552  west 4 562,063 00 621 00225 1,226.7600 00152 068
Travis A 4520 5348 |  West 5 524,180, 00 774 00212 1,220.2800 00151 0rt
Denton N 4,981 1408 | west 5 520,388 00 783 00211 7640400 0.0035 045
Williamson A 4229 2] west 5 366,028.00 455 ooizs 544.9200 0.0088 054
El Paso N 3,368 351 | west 5 411,078.00 510 00140 4365600 0.0054 039
Montgomery N 4247 53| East 4 208,308 00 258 0.0071 5739600 0.0071 101
Galveston N 2,564 52|  East 3 114,835, 00 142 0.0033 3138200 0.0033 1.00
Brazoria N 2,343 343 | Fest 3 117 076,00 145 0.0040 323 0400 0.0040 101
Comal A 1,268 169 | west 4 97 ,864.00 1.21 0.0033 1700400 0.0021 083
Rockwall A 1,246 0] et 5 142,044.00 176 0.0048 143.5200 00019 0.38
Hays A ais 41| west 5 34,047 00 117 00032 158.5000 0.0020 052
Hueces A 1012 253 | Eest 3 5641900 070 00019 151 5000 00013 098
Fort Bend N 1,083 0]  Eest [ 4589200 057 00016 125 1600 00018 1.00
Ellis A o7 838 | west 5 99,847 00 124 0.0034 1854000 0.0023 058
Johnson A 667 17 west 5 6592600 082 00022 84.4800 00010 047
Guadalupe A 545 o] west 4 47,5800 058 00016 775200 00010 050
Kaufman A 403 2] west 5 45,020 00 057 00016 48,5000 0.0006 033
Jefferson N 505 91|  Eest [ 28,240 00 035 00010 52,5800 00010 107
Parker A 345 4] west 5 39,486.00 043 00013 418800 0.0005 0.39
Smith A 506 03|  East 5 12,005.00 015 0.0004 705600 0.0003 215
Bastrop A 215 g | west 4 1921500 024 0.0007 36.3600 0.0005 058
Chambers N 298 o] Esst 4 1221800 015 0.0004 35.7500 0.0004 1.07
Gregg A 258 0]  East 5 1715200 021 0.0005 307200 0.0004 085
San Patricio 4 229 308|  Eest 3 23,483 00 029 0.0008 542000 0.0008 1.00
Liberty N 224 0] East 4 9,184.00 01 0.0003 26,5800 0.0003 107
Victoria A 178 0] Esst 3 755400 008 0.0003 213600 0.0003 102
Orange N 197 o] Ess 4 8,077.00 010 0.0003 735400 0.0003 1.07
Caldwell A 120 0] west [ 9.417.00 012 0.0003 15.4800 0.0002 080
Wilson 4 E3 0] west [ 2,628.00 003 0.0001 43200 0.0001 080
Hardin N a7 0] East 4 1,927.00 002 0.0001 55400 0.0001 107
Harrison A 42 0] Esst 5 251400 003 0.0001 50400 0.0001 055
waller N B 183 | East 4 8,332.00 010 0.0003 247200 0.0003 1.08
Upshur A 18 0]  East 5 1,208.00 0ot 0.0000 21600 0.0000 065
Rusk 1 18 2] Eest 5 35400 000 0.0000 21800 0.0000 273
Total 95,522 36,323 8,675,694 1100588 0.3015 15,953 01878

0 An informal survey of the major gas furnace manufacturers revealed that standing pilot lights had bee eliminated in order to reach
the higher AFUE efficiencies required by the 2000 IECC. To simulate this a continuous 500 Btu/hr auxiliary heat source was
added to the 1999 average single-family and multi-family house. This auxiliary source was eliminated from the 2000 IECC code-
compliant house. NOx emissions from the elimination of the pilot light were assumed to be 0.248 l1bs-NOx/MMBtu (Ottinger et
al. 1991).

™ The NAHB’s 1999 survey for multi-family residential uses one classification for Texas (versus the east and west definitions for
single-family residential).
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Table 6: Comparison of Peak Day Versus Average Daily NOx Reductions From Natural Gas Savings for
the 38 Non-attainment and Affected Counties.
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Figure 20: Comparison of Peak Day Versus Average Daily NOx Reductions From Natural Gas Savings for
the 38 Non-attainment and Affected Counties.

4.4.25 Developed Preliminary Code-traceable Input Files for Fuel-neutral Single-family Residential,
Multi-family, and Commercial DOE-2 Simulations.

To improve the accuracy of the IECC code-traceable, DOE-2 simulations the Laboratory developed several
new simulations of single-family, multi-family and commercial buildings. An illustration of the existing
code-traceable single story, single-family residence, with a slab-on-grade floor and attached two car garage
is shown in Figure 21. According to the NAHB, this type of house was the predominant type of house in
Texas™?, which contained a whole-house air-conditioning system, a gas-fired forced air furnace, and gas-
fired domestic water heater.

In Figure 22, the newly developed two story, single-family residential simulation is shown that includes a
user-selectable, one or two story simulation, and includes options for a crawlspace, fuel-neutral choices for
heating (i.e., electric resistance, heat pump or natural gas-fired furnace), domestic water heating (i.e.,
electric or gas), and electric cooling. Figure 23 shows the user-selectable configuration for the multi-family
simulation, that includes options for one, two or three story simulations, two or four apartments per floor,
and fuel-neutral choices for heating (i.e., electric resistance, heat pump or natural gas-fired furnace),
domestic water heating (i.e., electric or gas), and electric cooling.

2 NAHB 2000. Builder Practices Survey Reports, National Association of Home Builders, Research Center, Upper Marlboro,
Maryland (September).
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Figure 24 shows the user-selectable configuration for the commercial office building simulation, that
includes options for varying number of floors, varying floor size, varying window amounts, and system
selections with fuel-neutral choices for heating (i.e., electric resistance, heat pump or natural gas-fired
furnace), domestic water heating (i.e., electric or gas), and electric cooling.

®

Figure 21: lllustration of Existing Single-family Residential IECC Code-traceable Simulation

&

Figure 22: Illustration of New Two-story, Single-family Residential IECC Code-traceable Simulation with
Selectable Crawlspace/Slab.
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&

Figure 23: lllustration of Multi-family Residential IECC Code-traceable Simulation

ool

Figure 24: lllustration of Commercial Office Building IECC / IRC Code-traceable Simulation

4.4.3 Developed Documentation for Code-traceable Simulations.

The Laboratory is developing a complete documentation summary for the code-compliant IECC / IRC
simulation. This document will then be submitted to the U.S.D.O.E. National Laboratories for expert
review and comment. This expert review will improve the Laboratory’s code-traceable simulation for
emissions reduction.
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4.4.4  Analyzed Impact of Proposed 2005 IECC / IRC Code Changes.

In the Spring of 2003, the USDOE published a proposal for changes to the 2000 International Energy
Conservation Code (2000 IECC), which are intended to go into the 2005 version of the IECC / IRC. In
general, DOE’s intention with the new IECC / IRC is to simplify the code to make it easier for builders and
code officials to enforce. The Laboratory was asked to review the proposed code changes to ascertain if the
changes would be more/less stringent than the current IECC / IRC.

The Laboratory completed a preliminary review of the proposed changes™. This analysis was performed on
a single-family residence in the climate zones for Harris County and Dallas County, with standard
characteristics, and can be summarized by the following:

e The proposed 2005 IECC / IRC would have fewer climate zones for Texas, which will simplify
the analysis of code compliance for the state, as shown in Figure 25.

e The proposed 2005 IECC / IRC contains fewer prescriptive tables that do not include increased
stringency for increased window-to-wall areas. This simplification will allow houses to be built
that are less stringent than the current IECC / IRC, as amended by the 2001 Supplement, if the
houses have more than 20% window-to-wall area.
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Figure 25: Proposed New Climate Zones for ICC 2003/2004 Climate Zones.

445 Developed and Tested Procedures for Cross-checking Simulations Against Utility Billing Data.

The Laboratory has developed and tested procedures for cross-checking simulations against utility billing
data and tested these methods using a single-family residence. Additional information about these new
procedures can be found in Section 6 of this report.

¥ Haberl, J., Im, P. 2003. “Analysis of the Energy Impact of the Proposed 2003/2004 IECC Code Changes for Texas”, Energy
Systems Laboratory Report No. ESL-TR-03/07-xx, (July).
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446  Developed and Tested Input Form for the Use of Site Inspections to Verify the Simulations.

The Laboratory has developed and tested procedures for cross-checking simulations using information
gathered from site inspections and tested these methods using a single-family residence. Additional
information about these new procedures can be found in Section 6 of this report.

4.4.7  Provide Training Sessions

Since the September of 2001, the Laboratory has provided (64) IECC / IRC code training workshops at the
locations in Texas as shown in Table 7 *. (48) of these workshops were focused on Residential Code
trainings, with 2,239 attendees. (17) of these workshops were focused on Commercial Code trainings, with
328 attendees.

Residential Workshops

Date Location # of Atteng
October 28-29, 2002 (ESL) Abilene 26
November 7, 2002 Parkersburg, VA (Simonton) 8
November 12-13, 2002 (ESL) Dallas 13
November 19, 2002 (ESL) Houston 18
January 10, 2003 Houston (for TML) 50
January 21-22, 2003 (ESL) San Antonio 19
January 29, 2003 (ESL) Galveston 19
February 21, 2003 Austin (TCCTA Conf.) a7
March 17, 2003 Austin (CSI) 25
April 9, 2003 (ESL) Tyler 15
April 22, 2003 (ESL) Austin 18
June 10, 2003 (ESL) Dallas 18
June 12, 2003 (Certain Teed) Dallas 60
July 8, 2003 (ESL) Corpus Christi 9
July 22, 2003 (ESL) Houston 13

Total Residential Attendees: 358

Commercial Workshops:

October 30, 2002 (ESL) Abilene 17
November 14, 2002 (ESL) Dallas 9
November 20, 2002 (ESL) Houston 9
January 23, 2003 (ESL) San Antonio 18
January 30, 2003 (ESL) Galveston 11
April 10, 2003 (ESL) Tyler 15
April 23, 2003 (ESL/SECO/DOE) Austin 9
May 6-7, 2003 (ESL/SECO/DOE) Dallas 25
May 15, 2003 (BPI) Arlington 20
May 28-29, 2003 (ESL/SECO/DOE) Houston 38
June 11, 2003 (ESL/SECO/DOE) Dallas 21
June 18, 2003 (ESL/SECO/DOE) El Paso 13
July 9, 2003 (ESL/SECO/DOE) Corpus Christi 13
July 17, 2003 (ESL) Wichita Falls (CSI Chapter Meeting) 40
July 23, 2003 (ESL/SECO/DOE) Houston 23
July 28-29, 2003 (ESL/SECO/DOE) Austin 27
September 18, 2003 (ESL) College Station (Brazos Co. AlA) 20

Total Commercial Attendees: 328

Table 7: IECC/ IRC Residential and ASHRAE 90.1 Commercial Building Code Workshops for Senate
Bill 5.

448 Responding to About 40 to 60 Calls Per Week

The Laboratory continues to respond to phone calls and email inquiries, which include questions about the
IECC / IRC from builders, contractors, code officials, designers, and building owners, and homeowners. A

4 Workshops indicated as ESL were supported by funding from the Laboratory through its Senate Bill 5 allocations from the Texas
State Legislature. Workshops indicated as ESL/SECO were supported by the USDOE State Energy Program through the Texas
State Energy Conservation Office (SECO).
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database is being established to track questions and responses. A frequently asked questions (FAQ) feature
is also being established for the Laboratory’s Senate Bill 5 web page.

4.4.9 Develop Analysis for Residential Efficient Lighting Program

At the request of the Representative Warren Chisum, Chair, TERP Advisory Committee, and the Texas
Public Citizen organization, the Laboratory developed an analysis of the impact of a proposed residential
efficient lighting program. Improving existing residential building energy efficiency reduces electricity use,
peak electric demand, and emissions as well as reduces customer’s electricity bills™.

It is estimated that there will be 8.8 million residences in the non-attainment and affected counties in 2003,
which are expected to increase in number by about 2.5% per year. A significant amount of energy used in
residences is consumed by incandescent lights, which can easily be replaced by Compact Fluorescent
Lamps (CFLs), which consume about 1/6 to 1/5 the electricity and yet produce the same amount of light. In
an average 2,000 ft2 household it is estimated that there are 50 incandescent lamps, of which 33 are
suitable for replacement. If 5% of these household could be converted to CFLs each year, it is estimated
that 1.3 tons-NOx/day could be saved in 2003. If an additional 5% of the remaining households could be
converted each year, 25% of the household could be converted by 2007, resulting in 1.2 ton-NOx/day could
be saved in non-attainment and affected counties. One method that has been suggested to motivate
conversion to CFLs is to level the initial cost of CFLs by charging an $0.25 Emissions Reduction Fee on
each incandescent lamp (252 million lamps expected in 2007), and paying a $1.00 Emissions Incentive for
each CFL lamp purchased in the state (26 million lamps expected in 2003).

Exclusions would include incandescent lamps which are less than 10 Watts, decorative holiday lamps sold
during the Christmas or Holiday Season during October, November and December. Such a fee would be
collected at the wholesale level. Sales figures for incandescents and CFLs sold could then be used to track
the effectiveness of the program.

The expected benefit for each household that converts to CFLs is estimated to be a 1,375 kWh/year-
household reduction, which is $103/year-household (33 lamps replaced) at $0.075 per kWh. Additional
benefits included increased lamp life, which will reduce the number of times each year residents are
required to change the lamps. Disposal of CFLs could be handled through existing fluorescent lamp
collection programs.

2007 - Tons NOx Tons NOx/Peak- | Net Tax Revenue $/ton-10-yr
2010 Saved/yr * Day Million $
MWh Elec. | 3.3-5.7 434- 518 12-14 $37.1-$20.3 Negative
Saved million

* 38 counties

Replacing incandescent lights with CFLs provides homeowners with a reduction in their electricity bill, and
it reduces the frequency of replacing burned-out lamps since the expected life of an incandescent lamp is
about 750 hours versus 10,000 hours for a CFL. The cost for replacing incandescent lamps with CFLs
would be borne by residents, with an incentive provided by the state.

4.4.10 Develop Analysis for Proposed Texas Tune-up Program

At the request of the Texas Public Citizen organization, the Laboratory developed an analysis of the impact
of how improved existing building energy efficiency can reduce electricity use, peak electric demand, and
emissions. It is estimated that commercial building space accounts for over 2.1 billion Sg. Ft. in Texas.
Texas A&M’s Energy Systems Laboratory has proven building energy use can be easily reduced by 10 to
40 percent by the systematic testing and optimization of building mechanical & thermal systems, controls

%5 Copies of the letters to Representative Chisum and Public Citizen regarding the analysis can be found in the appendix.
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and HVAC equipment known as Continuous Commissioning® or Building Tune-ups at a cost of $ 0.20 —
0.30/sq.ft.

If all buildings over 50,000 sg. ft. of air-conditioned space could be motivated to be tuned-up
[commissioned] in non-attainment areas significant energy reduction potential exists in range of 10 — 40%.
Added benefits are improved building comfort and employee productivity. If 30 million square feet could
be conditioned in 2003, which could grow to 570 million square feet conditioned by 2012, then 1.3 to 3.2
million MWh of electricity could be saved. This would amount to 161 to 285 tons NOx saved per year or
0.9 to 1.6 tons NOx saved per peak day®.

2007 - 2010 Tons NOx Tons NOx Saved Peak Day $/ton/10 yr
Saved/yr *
MWh Elec. 1.3-3.2mil. 161- 285 09-16 Negative
Saved (10%)

* 38 counties

Tune-ups generally have a two-year payback with positive cash flow on day one. The cost in non- and near
non-attainment areas would be borne by building owners using zero percent loans provided by ESCO’s,
banks, and state revolving fund for S.B. 5 energy. Interest subsidies would be funded through a line
charge.

4.4.11 Wrote and Delivered Papers on the Prototype Emissions Reduction Calculator.

e To help foster international technology transfer the Laboratory wrote and delivered a paper on the
Senate Bill 5 effort to the International Building Performance Simulation Association (IBPSA), in
Eindhoven, in the Nederlands, in August 2003"".

e To promote technology transfer within the U.S. the Laboratory wrote a paper on the Senate Bill 5
effort to be delivered at the International Conference on Enhanced Building performance, in San
Francisco, California, in October 2003,

e To promote awareness about emissions calculations the Laboratory delivered a talk about the
prototype Emissions Reduction Calculator to the Energy Efficiency/SB5 Workshop, sponsored by
the Texas State Energy Conservation Office on September 16", 2003, in Austin, Texas.

e To promote technology to other states the Laboratory prepared a lecture about the Senate Bill 5
program and presented it to the Fall 2003 meeting of the Association of State Energy Research
and Technologdy Transfer Institutions (ASERTII), which was held in San Antonio, Texas,
September 23, 2003%.

4.4.12 Analyzed REScheck Software.

The Laboratory analyzed the USDOE’s REScheck software. The REScheck (formerly MECcheck)
software is intended to allow designers and builders to quickly and easily determine whether new homes,
additions, and low-rise apartment buildings meet the requirements of the Model Energy Code (MEC) or the
International Energy Conservation Code (IECC). The version of REScheck that can be accessed via the
internet is REScheck-Web (http://bldgcode.pnl.gov/REScheckWeb/). This version of REScheck enables
users to vary insulation levels in the ceiling, wall, floor, basement wall, slab-edge and crawl space; glazing

%6 Additional information regarding this calculation can be found in the appendix.

Y Haberl, J., Im, P., Culp, C., Yazdani, B., Fitzpatrick, T., Turner, D. 2003. “Calculation of NOx Emissions Reductions From
Implementation of the 2000 IECC/IRC Conservation Code in Texas”, Proceedings of the 2003 IBPSA Conference, Eindhoven,
Netherlands, August 11-14, 2003. This paper was delivered by Mr. Larry Degelman, Professor Emeritus, Department of
Architecture, Texas A&M.

8 A copy of this paper has been posted on the Laboratory’s Senate Bill 5 web site, (eslsb.tamu.edu).

*® This presentation was delivered by Mr. Malcolm Verdict, Associate Director of the Energy Systems Laboratory.
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and door areas; and glazing and door U-factors. It allows the user to enter information from the proposed
plans and specifications. REScheck then calculates a total "UA-value" for the project. By comparing the
project's UA-value to the UA-value required for the climate zone, REScheck-Web determines if the project
passes the requirements of the selected energy code. If the project does not pass, the user can experiment
with different combinations of insulation levels, window or door products, and component areas to achieve
compliance.

Through conversations with code officials and builders who attended the Laboratory’s code training
workshops, the Laboratory became aware of instances where the Laboratory’s Builder’s Guide, and
prototype Emissions Reduction Calculator gave different answers than REScheck. Therefore a comparative
analysis was performed and the results reported to the authors of REScheck at the USDOE’s Pacific
Northwest National Laboratory (PNNL).

4.4.12.1 Test Procedure for REScheck-web software.

To test the REScheck software against the Laboratory’s IECC code-traceable simulation a single-family
house (1,600 sq.ft) in the Houston-Galveston area (HGA) and Dallas-Fort Worth area (DFW) were used for
the test. The house was carefully constructed to comply with the IECC / IRC requirements. Table 8 and
Table 9 provide the test plan for the REScheck and the Laboratory’s IECC / IRC Code-traceable DOE-2
simulations, respectively. For the test, twenty REScheck runs and DOE-2 runs were performed for the
twenty counties included in the HGA and DFW area. For the DOE-2 results version IECC1105.INP was
used. The DOE-2 input values for each element such as the insulation levels in the ceiling, wall, floor, and
slab-edge; glazing and door areas; and glazing and door U-factors referenced the IECC / IRC for the
climate zone for each county.

The REScheck tests were performed twice, once on July 1, 2003 and again on July 15, 2003. The
REScheck-web program generates a compliance report such as that shown in Figure 26. In Figure 27 the
opening screen of REScheck is shown. In Figure 28 the user should choose the location of the building
tested, and the code that the user wishes to use to check the compliance. In this figure the user will input the
general project information such as code, location, and construction type. For location, user can choose
either city or county. In Figure 29 the input screen for the envelope information is shown. The R-value and
the area of the wall, the ceiling, and the door will be input in this step. The U-value and the area of the
windows will be also input. In Figure 30 the input screen for the mechanical system information such as
SEER for air-conditioner and AFUE for gas furnace is shown. In Figure 31 the screen is shown that
presents the results of a test.

After completing the input screens, the user clicks the tab named “check compliance”. At the bottom of the
screen (Figure 31) a notice is presented by REScheck. In this example, the input house passed the
compliance check since the UA of the input house is 1.4 % better than the Maximum UA. The allowed
MAX UA and the UA for this house are also shown in this screen. More detailed results for a house are
given by REScheck in the Compliance Certificate (Figure 26).

To complete the analysis special files were developed for the Laboratory’s IECC Code-traceable
simulation (ver. IECC1105.INP). A sample of the parameters that were prepared is presented in the
Appendix for Brazoria County.

4.4.12.2 Results of REScheck-web Comparison Against the Laboratory’s IECC Code-traceable
Software.

Table 10 shows the results of the test. In the results of the REScheck-web tests, the results from the first run
(July 1) and second run (July 15) are presented”. Three major changes can be seen between the two runs.
The changes are:

2 Differences between these two runs indicate the changes that PNNL made to REScheck-web after discussions with the Laboratory.
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1. It appears that the climate zone of the Harris County was changed from zone 3 to zone 4, which
now correctly matches the IECC/ IRC.
2. Unknown adjustments were made to the MAX UA for climate zone 6. However, it appears that the
adjusted MAX UA of Zone 6 is same to the MAX UA of Zone 5.
3. It appears that climate zone of the Tarrant County was changed from zone 6 to zone 5, which now
correctly matches the IECC/ IRC.
These changes had a significant impact in the accuracy of REScheck. In the July 1% comparisons,
differences as great as 9.8% were seen for several counties. After the results of the simulations were sent to
PNNL, and REScheck was revised, the test were run again. In the July 15" comparisons, only the last 5
counties shown in climate zone 6 for the DFW comparisons showed differences greater than 1.5%, which
are considered acceptable, given other, unknown differences in the simulations, which continue to exist.

This analysis of REScheck has proven useful for the Laboratory and PNNL. First, it has demonstrated that
the Laboratory’s IECC Code-compliant software is useful for finding errors in other software that is being
used to certify code compliance. Second, it has provided a valuable cross-check for PNNL and the
Laboratory that has improved the confidence in both software packages.

REScheck Compliance Certificate Checked By/Date
2000 IECC
Generated by REScheck-Web Software

COUNTY: Brazoria

STATE: Texas

HDD: 1499

CONSTRUCTION TYPE: Single Family

DATE: 08/11/03
COMPLIANCE: Passes

Maximum LA = 508

Your Home UA =501

|.4% Better Than Code (UA)
Maximum SHGC = 0.40
Your SHGC = 0.40

Gross Glazing
Areanor  Cavity Cont.  or Door
Perimeter R-Walue R-YWalue L-Factor A
Ceiling 1: Flat or Scissor Truss 1600 0.0 19.0 77
Wall 1: Wood Frame, 16" o.c. 1280 0.0 1.0 109
Door 1: Solid 20 0.200 4
Window 1: Metal Frame, 2 Pane w/ Low-E 192 0.750 144
SHGC: 0.40
Floorl: Unheated Slab-On-Grade 160 0.0 167

Insulation depth: 0.0°
Furnace 1: Forced Hot Air (Non-Electric), 78 AFUE
Air Conditioner 1 : Electric Central Air, 10 SEER

COMPLIANCE STATEMENT: The proposed building design described here is consistent with the
building plans, specifications, and other caleulations submitted with the permit application. The proposed
building has been designed to meet the 2000 IECC requirements in REScheck-Web and to comply with the
mandatory requirements listed in the REScheck Inspection Checklist.

BuilderDesigner Date

Figure 26: Sample REScheck-web Compliance Certificate.
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Euilding Specification
Enuvelope
i Ceiling Wall window Door Flowar
Classification Test Number County C;::;e
- Gross | Continuous Gross | Continuous " Gross Gross . Continuaus
Ceiling Type Area Frvalus wall Type Area Fivalue ‘window Type Area U-factor Door Type Area Ll-factor Floor Type Ferimeter Fvalue

HGA3-RESI600-1 |Brazoria 3| Flat or Secissar Truss 1600 19| ¥ood Frame, 1280 i [l AT 132 0.75| Solid 20 020 | Unheated 160
16" o 2 pane wiLow-E Slab-on-Grade

HGA3-RESI600-2 | Galveston 3| Fat or seissor Truss 1600 19| Wood Frame, 1280 i [ AR 192 0.75| Solid 20 p.2q | Uhested 10
16" o 2 pane wiLow-E Slab-on-Grade

HGA4-RESI600-1 | Chambers 4| Flat or Scissor Truss 1600 2| Wood Frame, 1280 i L, 192 0.75| Solid 20 0,20 | Uheated 10
16" o, 2 pane wiLow-E Slab-on-Grade

HGA4-RESIE00-2  |Fort Bend 4| Fiat or Scissor Truss 1600 2| Wood Frame, 1280 i LA, 192 0.75| Solid 20 020 | Unhested 0
16" o, 2 pane wiLow-E Slab-on-Grade

HGA4-BESIE00-3  |Hardin 8| Flat or Seiszor Truss 1500 2| Wood Frame, 1280 i LA, 132 0.75| Solid 20 020 | Unhested 160
16" o, 2 pane wiLow-E Slab-on-Grade

HGA HGA4-BESIE00-4  |Harris 4| Flat or Seissar Truss 1600 g Wood Frame, 1280 i LA, 132 0.75) Solid 20 020 | Unhested 160
16" o, 2 pane wiLow-E Slab-on-Grade

HGAL-RESIE00-5 | Jefferson 4| Flat or Seissor Truss 1500 || = ey 1280 o R AR, 132 0.75| Solid 20 020 | Unheated 10
16" o, 2 pane wiLow-E Slab-on-Grade

HGA4-RESIG00-6  |Liberty 4| Flat or Seissor Truss 100 e ecdilene) 1280 g [, 132 0.75| Solid 20 0zp |Unheated &0
16" o 2 pane wiLow-E Slab-on-Grade

HGA4-RESIE00-7 | Montgomery 4| Flat or Seissor Truss 1600 [l AR, 1280 iR A, 132 0.75| Sclid 20 nzp |Unheated 150
16" o 2 pane wiLow-E Slab-on-Grade

HGA4-RESIG00-8 | Orange 4| Flat or Scissor Truss 1600 [ A, 1280 iR AEm, 132 0.75) Solid 20 gy |Unheatad 160
16" o, 2 pane wiLow-E Slab-on-Grade

HGA4-RESIE00-3 | Waller 4| Fiat or Scissor Truss 1600 2| Wood Frame, 1280 i LA, 192 0.75| Solid 20 020 | Unhested 0
16" oL, 2 pane wiLow-E Slab-on-Grade

DFW5-RES1E00-1 | Ellis 5{ Flat or Seiszor Truss 1500 3p| Wood Frame, 1280 i (LA, 132 0.65) Solid 20 020 | Unhested 160
16" o, 2 pane wiLow-E Slab-on-Grade

DFW5-RESIE00-2 | Johnson 5{ Flat or Seissor Truss 1600 gp| Wood Frame, 1280 13| Hhetal Frame, 132 0.65) Solid 20 020 | Unhested 160
16" o 2 pane wiLow-E Slab-on-Grade

DFW5.RESI600-3 | Dallas 5| Flat or Scissor Truss 1500 | T 1280 15| Metal Frame, 132 0155 Salid 20 0.2p | Hnheated 10
16" o 2 pane wiLow-E Slab-on-Grade

DFW5-RES1600-4 | Tarrant 5| Flat or Seissar Truss 1600 [ AR, 1280 13| Metal Frame, 132 0.65) Solid 20 pzp | Unheated 160
16" oz 2 pane wiLow-E Slab-on-Grade

OF v DFWS5-RES1600-1 | Collin 6| Flat or Seissor Truss 1600 3p| Wood Frame, 1280 i (LA, 192 0.5 Solid 20 p.zq | hested 160
16" o 2 pane wiLow-E Slab-on-Grade

DFW6-RESI600-2 | Kaufman 6| Flat or Scissor Truss 1600 3| Wood Frame, 1280 i (L, 1932 060 | Solid 20 0,20 | Uheated 10
16" o, 2 pane wiLow-E Slab-on-Grade

DFWE-RESIE00-3 | Parker 6| Flat or Scissor Truss 1600 3p| Wood Frame, 1280 i (LA 132 0.60 | Solid 20 0,20 | Unhested 10
16" o, 2 pane wiLow-E Slab-on-Grade

DFWE-RESIE00-4 | Denton 6| Flat or Seiszor Truss 1500 3p| Wood Frame, 1280 i (LA, 132 0,60 | Salid 20 020 | Unhested 160
16" o, 2 pane wiLow-E Slab-on-Grade

DFWE-RESIE00-5 |Rockwall 6| Flat or Seissor Truss 1600 ap| Wood Frame, 1280 13| Hhetal Frame, 132 0,60 | Selid 20 020 | Unhested 160
16" 0. 2 pane wiLow-E Slab-on-Grade

Table 8: REScheck test plan for 1,600 ft2 single-family residence.
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Building Specification

. Envelope
Classification Test Number County c;:":::g Ceiling Wall Window Door Floor
o Gross |Continuous Gross |Continuous . Gross Gross . Continuous
Ceiling Type Area |Revalue Wall Type Area | Revalue Window Type Area U-factor | SHGC Doar Type rea U-factor  |Floor Type Fermeter B—value
HGAZ.DOEIE00.1  |Brazoria 3|Flat or Scissor Truss | 1600 19| ood Frame. 1600 1 gi‘:;g’amw{ 192 076 0.40|Solid 2|  ogo |Uheded 200
HGAJ.DOE16002  |Galveston 3|Flat or Scissor Tuss | 1800 1a|Wood Frame. 1800 1 ;Azt;‘ﬂj;;”féw{ 192 075 0.40|Solid 0| oz |giesed 200
HGA4.DOE1600-1  |Chambers 4|Fiat or Scissor Truss | 1800 26 ‘{“é?osc':’ame' 1600 13 ;"Z‘;‘ﬂg’w&w{ 192 0.75 0.40|Solid 20 0.20 ggﬁfﬁfarade 200
HGA4.DOE16002  |FortBend 4|Fiat or Scissor Truss | 1800 26 ‘{“é?osf’ame' 1600 13 ;"z‘:‘mg’wf&w{ 192 0.75 0.40|Solid 20 0.20 gg”bﬁa;ﬁferade 200
HGAL.DOE1S003  |Hardin 4|Flat or Scissor Truss | 1800 2p|Yaed Frame. 1600 15 ;"z‘:‘mg’wgw{ 192 0.75 0.40(Solid 2ol oo e 200
HGA HGAL.DOE1S004  |Harris 4|Flat or Scissor Truss | 1500 ap|Yaed Frame. 1600 15 g"z‘:‘mg’wgw{ 192 075 0.40(Solid zo| oo e 200
HGAI.DOE1S00S  |Jefferson 4|Flat o Scissor Truss | 1800 gp|Yaed Frame. 1600 15 g"z‘:‘mj@;ﬂféw{ 192 075 0.40(Solid so| oo et 200
HGAI.DOE1SDS  |Liberty 4|Flat or Scissor Truss | 1800 9| Waed Frame. 1600 13 ;"Z‘:‘mmﬁw{ 192 075 0.40|Solid so| oo et 200
HGAI.DOE1S007  |Montgomery 4|Flat or Scissor Truss | 1800 9| Waed Frame. 1600 13 ;"i‘:‘mjwféw{ 192 075 0.40|Solid so| oo et 200
HGAI.DOE1S008  |Orange 4| Fiat or Sclssor Truss | 1800 9| Waed Frame. 1600 13 ;"i‘:‘mjwféw{ 192 0.75 0.40|Solid so|  ogo|nhedted 200
HGAI.DOEIG00S (Waller 4|Flat o Scissor Tuss | 1600 2| Yaod Frame. 1600 13 ;"it:‘njwféw{ 192 075 0.40|Solid | oo |UnheEed 200
DFWS.DOEI6001  |Ellis 5|Flat o Scissor Truss | 1600 3p|Ygod Frame. 1600 15 ;Ait:‘njwféw{ 192 0,65 0.40|Solid o| oo |UnheEed 200
DFWS.DOE16002  |Johnsan 5|Flat or Scissor Truss | 1600 3p|Ygod Frame. 1600 13 ;Ait:‘njwféw{ 192 0,65 0,40|Solid o| oo |UnheEed 200
DFWS.DOEI6003  |Dallas 5|Flat or Scissor Truss | 1500 3p|Yood Frame. 1600 13 ;"i‘:‘ﬂj\f&”ﬁw{ 192 0,65 0.40|Solid | ogo |UheRed 200
DFWS.DOEIG004  [Tarant 5|Flat or Scissor Truss | 1600 3p|Yood Frame. 1600 13 gi‘:;g’amw{ 192 0,66 0.40|Solid o|  ogo |Unheded 200
DFW DFWS.DOET600-1  [Collin B|Flat or Scissor Truss | 1600 30 Y"s?osc':’amg‘ 1600 13 ;"Z‘:‘ﬂg’:&”&w{ 192 08 0.40|Selid 20| 020 ggﬁfﬁ%,ade 200
DFW6.DOE16002  [Kaufman B|Flat or Scissor Tuss | 1800 s yrood Frams. 1600 13 ;"?;‘ﬂg’;;”féw{ 192 0,60 0.40|Solid 0| oz |giEEEd 200
DFW6.DOE16003  |Parker B|Fiat or Scissor Truss | 1800 30 ‘{“é?osc':’ame' 1600 13 ;"Z‘;‘ﬂg’w&w{ 192 0.60 0.40|Solid 20 0.20 ggﬁfﬁfarade 200
DFWG.DOE1G004  |Denton B|Flat or Scissor Truss | 1800 gp|Yaed Frame. 1600 15 ;"z‘:‘mg’wgw{ 192|060 0.40(Solid zo| oo e 200
DFW6.DOE1G005  |Rockwall B|Flat or Scissor Truss | 1800 ap|Yaed Frame. 1600 15 g"z‘:‘mg’wgw{ 192|060 0.40(Solid zo| oo e 200

Table 9: IECC code-traceable DOE-2 test plan for 1,600 ft2 single-family residence.
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For 1600 sq.
ESL DOE-2 Simulations
REScheckWeh (Using Fized Furnace & Winkelmann method)
Classification 'I'(;sgchir::;r Tes‘(,‘[t)glér;)ber County Cg;r:'aete REScheck REScheck Annual Annual Annual
Calculted Calculated Compliance Energy Use Electricity Use N.G. Use Compliance
MAX UA Test House UA for Code House |(for Code House |for Code House
Test Date 07/01/03 | 07/15/03 | 07/01/03 | 07/15/03 07/01/03 07/15/03
HGA3-RES1600-1 HGA3-DOE16001 |Brazoria 5] 08 08 01 h01 1.4% Better| 1.4% Betfter 66,42 MBtu 42,1 MBtu 24.3 MBtu 0.0% Better
HGA3-RES16002 | HGA3-DOE160D2 |Galveston 3 s03 RS 501 501 1.4% Better| 1.4% Befter 55,42 MBL 42,1 MBt 24,3 MBt 0.0% Better|
HGA4-RES1600-1 HGA4-DOE16001 |[Chambers 4 431 431 476 476 1.0% Better| 1.0% Befter 53,87 MBL 40,8 MBL 22,0 MBt 0.0% Better|
HGA4-RES16002 | HGA4-DOE16002 |Fort Bend 4 431 431 476 476 1.0% Better| 1.0% Befter 54,60 MBI 41,4 MBt 22,6 MBL 0.0% Better|
HGA4-RES16003 | HGA4-DOE16003 |Hardin 4 481 481 476 476 1.0% Better] 1.0% Befter 53,87 MBtu 40,8 MBtuy 22.0 MBtu 0.0% Better
HGA HGA4-RES16004 | HGA4-DOE16004 |Harris ™ 4 508 481 476 A76| 6.3% Better| 1.0% Better 54,60 MBtu 41.4 MBtu 22.6 MBtu 0.0% Better
HGA4-RES16005 | HGA4-DOE16005 |Jefferson 4 431 481 476 476 1.0% Better| 1.0% Betfter 63.87 MBtu 40.8 MBtu 22.0 MBtu 0.0% Better
HGA4-RES16006 | HGA4-DOE160D6 |Liberty 4 421 421 476 476 1.0% Better| 1.0% Befter £3.87 MBL 40,8 MBL 22,0 MBt 0.0% Better|
HGA4-RES16007 | HGA4-DOE16007 |Montgomery 4 431 431 476 476 1.0% Better| 1.0% Befter 54,60 MBI 41,4 MBt 22,6 MBL 0.0% Better|
HGA4-RES16008 | HGA4-DOE16008 |Orange 4 431 431 476 476 1.0% Better| 1.0% Befter 53,87 MBL 40,8 MBL 22,0 MBt 0.0% Better|
HGA4-RES16009 | HGA4-DOE16009 |Waller 4 481 481 476 476 1.0% Better] 1.0% Betfter 54,60 MBtu 41,4 MBtuy 22,6 MBtu 0.0% Better
DFW45-RES16001 | DFWA5-DOE1600-1 |Ellis 5] 458 456 449 449 1.5% Better]| 1.5% Befter B7.79 MBtu 40,0 MBtu 27.8 MBtu 0.0% Better
DFW45-RES1600-2 | DFW5-DOE1600-2 |Johnson 5] 4E6 AE6 449 449 1.6% Better] 1.6% Befter B7.79 MBtu 40,0 MBtu 27.8 MBtu 0.0% Better
DFWS-RES16003 | DRW5-DOE1600-3 |Dallas a filals] filals] 449 449 1.6% Better| 1.5% Befter 7,79 MBL 40,0 kMBt 27,8 MBt 0.0% Better
DFWS-RES16004 | DFW5-DOE16004 |Tarrant ™ 5] 409 466 449 A449| 9.8% Worse| 1.5% Better 7,79 MBL 40,0 MBL 27,8 MBt 0.0% Better|
DFW DFW6-RES1600-1 | DPW6-DOE1600-1 |Collin = B 409 466 439 A39| 7.3% Worse|3.7% Better B7.27 MBh 40,1 MBt 27,2 MBt 0.0% Better|
DFW6-RES16002 | DFW6-DOE16002 |Kaufman = 5] 409 456 439 A39| 7.3% Worse|3.7% Better B7.27 MBtu 40,1 MBtuy 27.2 MBtu 0.0% Better
DFW6-RES1600-3 | DFW6-DOE1600-3 |Parker = B 409 456 439 A39| 7.3% Worse|3.7% Better B7.27 MBtu 40,1 MBtu 27.2 MBtu 0.0% Better
DFWG-RES16004 | DFW6-DOE16004 |Denton = B A09 466 439 A39| 7.3% Worse|3.7% Better B7.27 MBtu 40,1 MBtu 27.2 MBtu 0.0% Better
DFW6-RES16005 | DFW6-DOE16005 |Rockwall ™ g 409 466 439 A39| 7.3% Worse |3, 7% Better BT 27 MBL 40,1 MBt 27,2 MBt 0.0% Better

*=* Unknown adjustments were occurred for the MAX UA for climate zone 6. H
It appears that climate zone of the Tarrant County was changed from zone 6 to zone 3, which matches the 2000 IECC

that the

* It apears that climate zone of the Harris County was changed from zone 3 to zone 4, which matches the 2000 IECC

, it apy

ljusted MAX UA of Zone 6 is same to the MAX UA of Zone 5.

Table 10: Comparison of Test Results for REScheck and the Laboratory’s IECC Code-traceable DOE-2 simulation.
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45  Sec. 388.008. Development Of Home Energy Ratings.

45.1  Development of a Standard Input File for Code Compliance Testing

In 2002 the Laboratory developed a code-traceable DOE-2 input file for calculating energy savings and
demand reductions from implementation of the IECC / IRC state-wide to single-family residences. These
simulations are needed for analyzing the energy savings from proposed municipality code amendments,
and annual calculation of IECC / IRC state-wide savings. This code-traceable input file will be used to
compare Home Energy Rating Scores to an IECC / IRC baseline.

In 2003 the code-traceable DOE-2 input file was substantially enhanced to include an improved heat
transfer procedure to the ground-coupling, improved National Fenestration Rating Council (NFRC)
window R-value and SHGC procedures, and an improved calculation of furnace efficiency. Work has also
been initiated on expanding the 1-zone model into a 2-zone model with user selectable system types (i.e.,
gas heating/air conditioning/gas DHW, electric heating/air conditioning, electric DHW and heat pump/air
conditioning/electric DHW), floors (i.e., crawlspace or slab floor), user-selectable shading, and other
features. Early versions of the multi-family model, commercial model and models for solar thermal®*, and
photovoltaic model* have also been developed.

45.2  Investigated effect of thermal mass on simulation.

The Laboratory was asked to evaluate the impact of thermal mass on the simulation of electricity savings
from the implementation of the 2000 IECC to single-family residential construction by the City of Houston
and the North Central Texas Council of Governments (NCTCOG)?. This issue becomes particularly
important when houses are constructed with walls of concrete block or solid masonry walls. To accomplish
this analysis the Laboratory had to perform careful modifications to the Laboratory’s code-traceable
simulations. The analysis of a 2,000 ft2 single-family residence®® in Houston showed that the thermal mass
tables in the IECC / IRC must be closely followed to assure that the walls are performing in a similar
fashion as wood-framed walls®. The analysis also required special modifications to the DOE-2 input file to
properly account for the thermal mass, as shown in Figure 32 and Figure 33. Several features of the
analysis are worth noting:

e  First, the analysis of thermal mass using the DOE-2 program requires the use of ASHRAE
custom-weighting-factors, as well as special instructions for the description of the heat transfer
through the concrete slab to the soil below the house. Comparisons between lightweight and
heavy-weight walls types must both be simulated with custom-weighting-factors to obtain an
accurate assessment of the benefits (or penalties) of thermal mass.

e The 6.1% change in annual energy use (Figure 32) between pre-calculated ASHRAE weighting
factors (i.e., simulation IECC1105.INP = 65.4 MBtu/yr), and ASHRAE custom weighting factors
(i.e., simulation IECC1303.INP = 61.4 MBtu/yr), should not be credited toward thermal mass
benefits. This change represents only the difference between different simulation algorithms in the
DOE-2 program.

e The change in annual energy use between a lightweight, wood-framed house, slab-on-grade house
(i.e., simulation IECC1303.INP = 61.4 Mbtu/yr), and a house with different types of masonry
walls (i.e., simulation IECC1305.INP = 61.2 to IECC1309.INP = 62.6 MBtu/yr) amounts to only
modest change, when one considers the proper simulation method.

2 The solar thermal model is based on the FCHART program, developed by the University of Wisconsin.

22 The photovoltaic model is based on the PVFCHART program, developed by the University of Wisconsin.

2 This thermal analysis was needed to evaluate the Energy Star BOPs that were submitted by both the City of Houston and the
NCTCOG.

2 The base-case house had 15% window to wall area with walls that were 8 ft in height. Heating temperatures and cooling
temperatures were set according to Chapter 4 of the IECC.

% Haberl, J., Kim, S. 2003. “Detailed Analysis of Thermal Mass Effects in a Code-Traceable DOE-2 Simulation of the 2000 IECC for
a Single-family Residence in Texas”, Energy Systems Laboratory, Report No. ESL-TR-02/09-xx, (September).
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o  Proper simulation of peak hourly loads requires the use of ASHRAE custom weighting factors, as
shown in Figure 33. This can have a significant influence on the peak-day NOx emissions
reduction from energy conserving features such as windows and roof insulation.

BEPS (Annualtotal

70.0

60.0 T
500 T
40.0 T
300 T
200 T
10.0 T

00 ECC1105 | ECC1300 | ECC1301 |ECC1302 |ECC1303 |ECC1304 |ECC1305|ECC1306 |ECC1307 |ECC1308 | ECC1309
©5.4) ©2.7) ©2.5) ©3.6) ®1.4) ®5.9) ®1.2) ©1.6) ©1.6) ©2.7) ©2.6)
EIDOMHOT WATER 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3
EVENT FANS 1.7 12 1.7 14 1.5 1.9 15 1.5 15 15 15
WPUMPS & MBC 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
OsPACE cooL 12.8 9.8 14.1 11.7 12.8 15.4 12.8 12.8 12.8 13.0 12.9
BSPACE HEAT 8.0 8.8 3.8 76 4.2 5.7 4.0 4.4 4.4 53 5.3
@M BC EQUPMT 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2
O AREA LGHTS 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2

Figure 32: Simulated Comparisons of a Single-family Residence With Varying Amounts of Thermal Mass
Using Different DOE-2 Calculation Schemes (Annual Energy use, MBtu/year).

IECC1105 = base-case model, ASHRAE pre-calculated weighting factors, quick walls, FW=13.5

IECC1300 = ASHRAE pre-calculated weighting factors, quick walls, FW=87.

IECC1301 = ASHRAE pre-calculated weighting factors, real walls, FW=87

IECC1302 = ASHRAE custom weighting factors, real walls, FW=0

IECC1303 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor.

IECC1304 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, floor area = 0.

IECC1305 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, 3" face brick,

insulation inside.

e |ECC1306 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, 8" perlite-filled
block, insulation inside.

e |[ECC1307 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, 8" perlite-filled
block and concrete-filled block, insulation inside.

¢ |ECC1308 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, stucco, 8”
perlite-filled concrete block, insulation outside.

e |ECC1309 = ASHRAE custom weighting factors, real walls, FW=0, LBNL floor, stucco, 8”

perlite-filled and concrete-filled block, insulation outside.
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Peak Cooling Load @ul29 3PM)

9.00

800 T~~~ """ -~ -~ - T T T T n- - - - -~ -~ -~ -~ -~-~"-~"~-~"~-~"~"~"~"~"~"~"~"~"~"~"=“"“"=“"—“"="=“" =~ =" =~ =“"=—=—=—===°=7

WALL ROOF W NDOW DOOR UNDERGRO [OCCUPANT
LGHT TO |EQUPMENT | NFLTRATI
CONDUCTI|CONDUCTI |GLASS+FRM GLASS CONDUCTI | UND SURF S TO
SPACE TO SPACE ON
ON ON COND SOLAR ON COND SPACE

01105 R4.81) 3.30 6.60 188 8.02 040 0.19 0.80 150 150 061
@1300 R0.-85) 289 529 161 525 036 034 0.80 150 150 132
W1301 @6.72) 227 201 161 525 036 0.10 0.80 150 150 132
E1302 @4.97) 230 0.86 169 477 036 0.09 0.76 150 133 132
01303 @6.01) 211 1.86 150 5.16 0.33 0.09 0.77 150 1.38 1.32
1304 (16.99) 2.38 1.92 1.75 560 0.37 0.00 0.77 150 139 1.32
B1305 (@5.19) 1.29 1.86 1.50 5.16 0.33 0.09 0.77 1.50 1.38 1.32
M 1306 (15.04) 1.16 187 1.50 5.13 0.33 0.09 0.77 1.50 1.38 132
W 1307 (5.14) 123 1.87 151 5.15 033 0.09 077 150 138 132
01308 5.94) 161 222 158 517 032 0.09 076 150 137 131
01309 (15.99) 1.74 222 158 5.12 032 0.09 076 150 137 131

Figure 33: Simulated Comparisons of a Single-family Residence With Varying Amounts of Thermal Mass
Using Different DOE-2 Calculation Schemes (Peak Day Cooling Use, kBtu/peak-day).
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5 RECOMMENDATIONS FOR REPORTING ENERGY SAVINGS AND EMISSIONS
REDUCTION ACCEPTABLE TO THE EPA FOR SIP CREDITS

At the request of the TCEQ the Energy Systems Laboratory has developed the following recommendations
to the TCEQ for reporting energy savings and emissions reduction that are intended to be acceptable to the
EPA for SIP credits. These recommendations include the development of standardized methods for
reporting energy savings that utilize the USDOE’s International Performance Measurement and
Verification Protocols (IPMVP), and the calculation of the resultant NOx emissions reduction using the
EPA’s eGRID program.

5.1 The TCEQ Should Develop Standardized Methods for Reporting NOx Reductions, Including
Adjustments to Electricity Savings Needed for the eGRID Program.

5.1.1  Review of Nationally Accepted Protocols for Measurement and Verification of Energy
Conservation Retrofits.

In general, the nationally accepted procedures include the protocols of the International Performance
Measurement and Verification Protocols (IPMVP)?*, and ASHRAE Guideline 14-2002 (Guideline 14).
Extension of the IPMVP and Guideline 14 procedures is necessary to allow for the accurate calculation of
peak-day emissions, which are required by the EPA for SIP credits.

Nationally-recognized protocols for measurement and verification have evolved since the publication of the
1996 NEMVP. This evolution reflects the consensus process that the Department of Energy has chosen as a
basis for the protocols. In 1996 three M&V methods were included in the NEMVP: Option A: measured
capacity with stipulated consumption; Option B: end-use retrofits, which utilized measured capacity and
measured consumption; and Option C: whole-facility or main meter measurements, which utilize before
after regression models.

In 1997, Options A, B and C were modified and relabeled, and Option D: calibrated simulation was added.
Also included in the 1997 IPMVP was a chapter on measuring the performance of new construction, which
primarily utilized calibrated simulation. A discussion of the measurement of savings due to water
conservation efforts was also included in the 1997 IPMVP.

In 2001 the IPMVP was published in two volumes: Volume I, which covers Options A, B, and C, which
were redefined and relabeled from the 1997 IPMVP, and VVolume |1, which covers indoor environmental
quality (IEQ), and includes five M&V approaches for IEQ, including: no IEQ M&V, M&V based on
modeling, short-term measurements, long-term measurements, and a method based on occupant
perceptions of IEQ. In 2003 the IPMVP released VVolume I11, which contains four M&V methods: Option
A: partially measured Energy Conservation Measure (ECM) isolation, Option B: ECM isolation, Option C:
whole-building comparisons, and Option D: whole-building calibrated simulation.

% USDOE 1996. North American Energy Measurement and Verification Protocol (NEMVP), United States Department of Energy
DOE/EE-0081, (March).

USDOE 1997. International Performance Measurement and Verification Protocol (IPMVP), United States Department of Energy
DOE/EE-0157, (December).

USDOE 2001. International Performance Measurement and Verification Protocol (IPMVP): Volume I: Concepts and Options for
Determining Energy and Water Savings, United States Department of Energy DOE/GO-102001-1187 (January).

USDOE 2001. International Performance Measurement and Verification Protocol (IPMVP): Volume I1: Concepts and Practices for
Improved Indoor Environmental Quality, United States Department of Energy DOE/G0O-102001-1188 (January).

USDOE 2003. International Performance Measurement and Verification Protocol (IPMVP): Volume I1: Concepts and Practices for
Improved Indoor Environmental Quality, United States Department of Energy DOE/G0O-102001-1188 (January).

2 ASHRAE 2002.Guideline 14: Measurement of Energy and Demand Savings, American Society of Heating Refrigeration Air-
conditioning Engineers, Atlanta, GA (September).
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In 2002 ASHRAE released Guideline 14-2002: Measurement of Energy and Demand Savings, which is
intended to serve as the technical document for the IPMVP. As the name implies, Guideline 14 contains
approaches for measuring energy and demand savings from energy conservation retrofits to buildings. This
includes three methods: a retrofit isolation approach, which parallels Option B of the IPMVP, a whole-
building approach, which parallels Option C of the IPMVP, and a whole-building calibrated simulation
approach, which parallels Option D of the 1997 and 2001 IPMVP. ASHRAE’s Guideline 14 does not
explicitly contain an approach that parallels Option A in the IPMVP, although several of the retrofit
isolation approaches use partial measurement procedures. In the IPMVP and Guideline 14 these procedures
are recommended for calculating the energy and demand savings from energy conservation retrofits in
buildings where hourly, daily or monthly before-after energy use data are available. Table 11 shows the
evolution of the M&YV protocols as presented in the 1996 NEMVP, 1997, 2001 and 2003 IPMVP, and

ASHRAE Guideline 14.

The procedures for calculating whole-building, weather-dependent or weather-independent energy use are
listed in Table 12 and shown in Figure 34. To calculate savings using monthly utility billing data, 12
months of pre-retrofit utility billing data, and the coincident daily ambient temperatures are used to develop
a model of the building’s energy use during the baseline (or pre-retrofit period). After the retrofit, the
procedure is repeated and the savings calculated by comparing the projected baseline energy use against the
post-retrofit energy use using the baseline regression model.

1996 NEMVP

1997 IPMVP

2001/2003 IPMVP

2002 ASHRAE GUIDELINE 14

OPTION A:
Measured Capacity Stipulated
Consumption

OPTION A:

End-use Retrofits:
Measured Capacity,
Stipulated Consumption

VOLUME I: OPTION A:
Partially Measured Retrofit
Isolation

OPTION B:

End-use Retrofits: Measured
Capacity, Measured
Consumption

OPTION B:

End-use Retrofits:
Measured Capacity,
Measured Consumption

VOLUME I: OPTION B:
Retrofit Isolation

RETROFIT ISOLATION
APPROACH

OPTION C:
Whole-facility or Main Meter
Measurement

OPTION C:
Whole-facility or Main
Meter Measurement

VOLUME I: OPTION C:
Whole-building

WHOLE-BUILDING APPROACH

OPTION D:
Calibrated Simulation

VOLUME I: OPTION D:
Calibrated Simulation

WHOLE-BUILDING
CALIBRATED SIMULATION
APPROACH

VOLUME II: IEQ M&V
5 Approaches

Measurement and
Verification of New
Buildings

VOLUME III:
New Construction

EXAMPLE:
Water Projects

Table 11: Evolution of M&V Protocols in the United States.
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Name Independent Variable(s) | Form Examples
No Adjustment | None E=E, Non weather sensitive demand
/Constant
Model
Day Adjusted None E = Ep x day, Non weather sensitive use
Model day. (fuel in summer, electricity in summer)
Two Parameter | Temperature E=C+By(T)
Model
Three Degree E=C+B;(DDg7) Seasonal weather sensitive use (fuel in winter,
Parameter days/Temperature E=C+B;(B,-T) electricity in summer for cooling)
Models E=C+B;(T-B,)" Seasonal weather sensitive demand
Four Temperature E=C+By(Bs-T)" - B, (T-
Parameter, Ba)"
Change Point E=C-B;(B; -T)" + B,(T-
Model Ba)"
Five Parameter | Degree E=C - B;(DDy) + B, Heating and cooling supplied by same meter.
Models days/Temperature (DD+c)
E:C"'B:|_(B3'T)+ + Bz(T'
B.)"
Multi-Variate Degree Combination form Energy use dependent non-temperature based
Models days/Temperature, other variables (occupancy, production, etc.).

independent variables

Table 12: Before-after or Main Meter Models for the Whole-Building Approach from ASHRAE Guideline

14-2002
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Figure 34: Sample Models for the Whole-building Approach. Included in this figure is: (a) mean or 1
parameter model, (b) 2 parameter model, (c) 3 parameter heating model (similar to a variable based degree-
day model (VBDD) for heating), (d) 3 parameter cooling model (VBDD for cooling), (e) 4 parameter
heating model, (f) 4 parameter cooling model, and (g) 5 parameter model.

5.1.2  The TCEQ should Develop Standardized Calculations of Emissions Reduction.

In general, most energy conservation measures that are being proposed for city, county and municipal
facilities include energy savings measures that are applied to new and existing energy consuming
equipment such as: water and waste water improvements, streetlights, and traffic signal lighting
improvements, municipal building improvements, and renewable energy systems such as wind, solar
thermal, and solar PV systems. At the request of the TCEQ the Laboratory has developed the following
recommendations regarding the development of standardized calculations for reporting energy savings and
the associated NOx emissions reduction.
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5.1.21  The TCEQ Should Develop Standardized Calculations in Facilities With Monthly Utility Billing
Data.

To develop standardized calculations in facilities with monthly utility billing data the Laboratory
recommends enhancing the IPMVP/Guideline 14 procedure to calculate emissions reduction using monthly
utility billing data with the following method:
1. 12 months of utility billing data are collected from a facility in the pre-retrofit or baseline period,
and the coincident daily ambient temperatures.
2. Aregression model is created using the linear or change-point linear models as recommended by
the IPMVP and Guideline 14.
3. The coefficients of the regression model are used to calculate the peak-day energy use in the pre-
retrofit and post-retrofit period, using the appropriate weather data.
4. Emissions reduction are calculated using one of the two methods:

o If the energy savings are natural gas use, the appropriate pre-retrofit and post-retrofit
emissions factors are applied for the combustion process to determine the emissions
reduction for the county in which the retrofit occurred.

o If the energy use is electricity use, a utility provider is assigned (if this is not already
known), and the emissions factor calculated with the EPA’s eGRID database, which
determines the reduction in the county in which the power was produced by the utility
provider that supplied the electricity®.

5. This procedure is repeated annually to assure that the savings continue to occur from the installed
retrofit.

These procedures would be appropriate for cost-effective applications to:
e water and waste water improvements, and
e energy conservation retrofits to municipal buildings.

5.1.2.2 The TCEQ Should Develop Standardized Calculations for Street Lighting and Traffic Signal
Lighting Improvements.

The Laboratory recommends extending the IPMVP/Guideline 14 procedure to calculate emissions
reduction from street lighting and traffic signal lighting improvements using the following method(s):

5.1.2.2.1  Street Lighting Retrofits.

Measure the wattage of the pre-retrofit lamp®.

Measure the wattage of the post-retrofit lamp®.

3. Calculate the peak-day savings by multiplying the difference in the lamp wattage times the
monthly-average hours per day from sunset to sunrise for the latitude and month in which the
peak-day occurs®,

4.  Multiply the peak-day savings times the number of lamps that are being retrofitted.

5. Assign a utility provider (if this is not already known), and the emissions factor calculated

with the EPA’s eGRID database, which determines the reduction in the county in which the

power was produced by the utility provider that supplied the electricity.

N

% This weather data can be from TMY2 weather files, or from the appropriate Ozone Episode Day for the area of interest.

2 This procedure has been tested using the Laboratory’s IECC code traceable simulation using data from a residence in Harris county
for an IECC-code-compliant house, and a house with NAHB 1999 characteristics. The results showed the modified monthly
utility billing analysis produced peak-day kWh reductions that are within a few percent of the actual peak day reductions.

* This can be obtained from field measurements from NIST-traceable manufacturer data.

®! This assumes the post-retrofit lamp produces a similar lumen output as the pre-retrofit lamp and that the intended illumination levels
satisfy with the requirements of the IESNA.

%2 This assumes that the lamp is controlled by photocell that is properly adjusted. If the lamp is controlled by a time clock then the
hours per day of illumination from the time clock should be substituted for the sunset to sunrise hours.
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6. Each year, verify that the lamps that are still in service or have been replaced by lamps with
wattage and lumen output similar to the original post-retrofit lamps.

These procedures would be appropriate for cost-effective applications to:
e Municipal street lighting retrofits.

5.1.2.2.2  Traffic Signal Lighting Retrofits.

1. Measure the wattage of the pre-retrofit lamp®.

2. Measure the wattage of the post-retrofit lamp.

3. Calculate the peak-day savings by multiplying the difference in the lamp wattage times the
burn time per day for the lamp**.

4. Multiply the peak-day savings times the number of lamps that are being retrofitted.

5. Assign a utility provider (if this is not already known), and the emissions factor calculated
with the EPA’s eGRID database, which determines the reduction in the county in which the
power was produced by the utility provider that supplied the electricity.

6. Each year, verify that the lamps that are still in service or have been replaced by lamps with
wattage and lumen output similar to the original post-retrofit lamps.

These procedures would be appropriate for cost-effective applications to:
e Traffic Signal Lighting Retrofits.

5.1.2.3 The TCEQ Should Develop Standardized Calculations for Solar Thermal Installations.

To develop standardized calculations in facilities with solar thermal installations the Laboratory
recommends extending the IPMVP procedures to calculate emissions reduction from solar thermal retrofits
with the following method:

1. Determine the system type and solar panel characteristics.

2. Determine the panel orientation (i.e., off-south azimuth and tilt).

3. Use the FCHART® program to calculate the peak day thermal production from the solar

thermal system.

Verify the thermal savings using a utility billing analysis as described above.

Emissions reduction are calculated using one of the two methods:

o If the energy savings are natural gas use, the appropriate pre-retrofit and post-retrofit
emissions factors are applied for the combustion process to determine the emissions
reduction for the county in which the retrofit occurred.

o If the energy use is electricity use, a utility provider is assigned (if this is not already
known), and the emissions factor calculated with the EPA’s eGRID database, which
determines the reduction in the county in which the power was produced by the utility
provider that supplied the electricity*®.

6. Each year verify the thermal savings using a utility billing analysis as described above.

o~

These procedures would be appropriate for cost-effective applications to:
e  Solar thermal installations.

* This can be obtained from field measurements from NIST-traceable manufacturer data.

* The burn time per day per lamp depends on the type of traffic light being retrofitted and the type of control utilized on the traffic
signal system.

% The FCHART program was developed by the Solar Energy Laboratory at the University of Wisconsin for the U.S.D.O.E., which is
widely used for designing solar thermal systems.

% This procedure has been tested using the Laboratory’s IECC code traceable simulation using data from a residence in Harris county
for an IECC-code-compliant house, and a house with NAHB 1999 characteristics. The results showed the modified monthly
utility billing analysis produced peak-day kWh reductions that are within a few percent of the actual peak day reductions.
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5.1.24  The TCEQ Should Develop Standardized Calculations for Solar PV Installations.

To develop standardized calculations in facilities with solar PV installations the Laboratory recommends
extending the IPMVP procedures to calculate emissions reduction from solar PV retrofits with the
following method:

1. For smaller systems:
a. Determine the system type and solar panel characteristics.
b. Determine the panel orientation (i.e., off-south azimuth and tilt).
c. Use the PVFCHART® program to calculate the peak day electricity production from
the solar thermal system.
d. Verify the thermal savings using a utility billing analysis as described above.

2. For larger systems install a Watt-hour meter on the system interface to the utility grid and
record the monthly electricity production. Calculate the peak day electric production using the
monthly average daily production for the peak month.

3. Assign a utility provider (if this is not already known), and the emissions factor calculated
with the EPA’s eGRID database, which determines the reduction in the county in which the
power was produced by the utility provider that supplied the electricity.

4. Each year verify the thermal savings using a utility billing analysis as described above.

These procedures would be appropriate for cost-effective applications to:
e Solar PV installations.

5.1.25 The TCEQ Should Develop Standardized Calculations for Wind Energy Installations.

To develop standardized calculations in facilities with wind energy installations the Laboratory
recommends the following method:

1. Install a Watt-hour meter on the wind mill and determine the monthly electricity production.

2. Assign a utility provider (if this is not already known), and the emissions factor calculated
with the EPA’s eGRID database, which determines the reduction in the county in which the
power was produced by the utility provider that supplied the electricity.

3. Each year verify the thermal savings using a utility billing analysis as described above.

These procedures would be appropriate for cost-effective applications to:
e Wind Power Installations.

5.1.3  The TCEQ Should Develop Standardized Calculations of Emissions Reduction From PUC’s SB5
and SB7 Programs

Currently, the Texas Public Utilities Commission uses published Deemed Savings Values for Residential

Sector Energy Efficiency Measures to calculate and report energy savings from energy conservation

measures applied to utility customers who participate in the appropriate programs. These measures include:

1. (Information listed in PUC’s Appendix A: Frontier Associates Project No. 22241).

Ceiling insulation; wall insulation; Air Infiltration; Energy Star Windows,
Refrigerators, Dishwashers, Clothes Washers; Compact Fluorescent Lamps, Low-
flow Shower Heads, Faucet Aerators, Water Heater Jackets, Water Heater Pipe
Insulation.

% The PVFCHART program was developed by the Solar Energy Laboratory at the University of Wisconsin for the U.S.D.O.E., which
is widely used for designing solar electric systems

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 67

2. (Information listed in PUC’s Appendix B: Schiller Associates). Lighting Efficiency
Measures, Lighting Controls Measures, Replacement and Package DX units, Cooling
Equipment Retrofits, Constant Load Motor Efficiency Retrofits, Constant Baseline
VSD Retrofits.

These deemed savings tables report savings as savings for each participating utility as kWh/year, and peak
kW, which are converted to tons/NOx reductions per year using the EPA’s eGRID emissions factors for the
utility provider.

The Laboratory recommends extending the PUC’s deemed savings using the following method:

1. First, the PUC will need to recalculate the deemed savings tables so that they include peak-day
savings (i.e., kWh/day), as well as the already reported kWh/year and peak kW savings. It is
recommended that the PUC use the ESL’s code-traceable DOE-2 input file, where appropriate, to
accomplish this recalculation to assure consistent savings calculations.

2. The PUC then needs to aggregate the electricity savings, which are reported by the participating
utilities into countywide peak-day savings.

3. Emissions reduction are calculated using one of the two methods:

o If the energy savings are natural gas use, the appropriate pre-retrofit and post-retrofit
emissions factors are applied for the combustion process to determine the emissions
reduction for the county in which the retrofit occurred.

o If the energy use is electricity use, a utility provider is assigned (if this is not already
known), and the emissions factor calculated with the EPA’s eGRID database, which
determines the reduction in the county in which the power was produced by the utility
provider that supplied the electricity.

e  Each year verify that the measures are still installed.

5.1.4  Example Calculation of Peak Day Electricity Savings Calculated From Monthly Utility Billing
Data.

At the Request of the TCEQ the Laboratory has developed a method for calculating peak-day electricity
savings from monthly utility billing data for residential, commercial or industrial utility customers, which
can then be used to calculate peak-day NOx emissions reductions using the EPA’s eGRID program. This
method uses linear and change-point linear regression models as recommended in ASHRAE’s Guideline
14, which was previously described in Section 5.1.1 above Such models can also be used to calculate peak-
day NOXx reductions from energy conserving measures applied to building equipment that is consuming
natural gas such as furnaces, boilers, and domestic water heaters.

An example of the use of this method for calculating peak-day electricity savings from the 2000 IECC code
is demonstrated using two simulated single-family residences is provided in Figure 35 and Table 13 where
monthly electricity use (kWh/average-day) is shown plotted against the average billing-period temperature
(degrees F). The upper figure in Figure 35 shows the simulated monthly energy use for a single-family
residence in Houston, Texas that was built according to the National Association of Home Builder’s 1999
survey of common building practices. The lower figure in Figure 35 shows the same house simulated with
2000 IECC code-compliant characteristics®. In each of the plots a three-parameter change-point linear
regression model is shown super-imposed upon the simulated monthly electricity consumption. The
coefficients for these models are shown directly below each plot. The calculated peak-day electricity use is
indicated by the dashed line that corresponds to the predicted electricity use during a 85.2 F peak-day
temperature that occurred for the Houston weather conditions used in this analysis.

% Table 25 contains the simulated characteristics for the 1999 NAHB average house and the 2000 IECC code-compliant house, which
were simulated with the TMY-2 weather file for Houston, Texas. Table 26 contains the annual and peak-day savings for the
simulations for all 38 non-attainment and affected counties.
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Figure 35: Estimation of Peak-day Electricity Use From Monthly Utility Billing Data Using ASHRAE’s
IMT.

Table 13 gives a comparison of the results of the peak-day electricity use for the DOE-2 hourly results
versus the peak-day predicted by the monthly regression model. According to the simulation, the peak day
on the TMY-2 Houston weather file was July 29", which had an average temperature of 85.2 F. On this day
the DOE-2 simulation calculated an electricity use of 65.74 kWh/day for the 1999 standard house, which
was well matched by the monthly regression model that predicted 64.44 kWh/day (1.98% difference). In a
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similar fashion, the DOE-2 simulation calculated an electricity use of 56.78 kWh/day for the IECC-
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).
Peak Daily Daily Electricity Daily Electricity Difference
Day Use for the Peak
Temperature Use for the Peak (DOE-2 Hourly
(DOE-2 for the Peak Day (kWh/day) Dav (KWh/d
Ls-A | 100 S5 | (DOE-2Hourly | o (P Mod )I IMT Month
Report) ay (F) data) ( 3PC Model) onthly)
1999
Standard Jul 29 85.2 65.74 64.44 1.98%
House
IECC House Jul 29 85.2 56.78 56.34 0.76%
gea'."day 8.96 8.10 9.5%
avings

Table 13: Comparison of Peak-day Electricity Savings From IECC for Simulated vs. Estimation Using
Monthly Utility Billing Data Analyzed With ASHRAE’s IMT.

5.2 Recommendations for Additional NOx Reductions
5.2.1

The TCEQ Should Further Evaluate Reducing NOx Emissions by Implementing a Texas Tune-up
for Building HVAC Systems

The Texas Emissions Reduction Plan established by the 77" Legislature in 2001 through the enactment of
Senate Bill 5, does not contain requirements for reduction of energy use in existing buildings and industrial
consumers, other than the general requirements for all political subdivisions to reduce their consumption by
5% annually through 2007. It is therefore recommended that the TCEQ should evaluate the potential for
additional NOx emissions reduction from existing buildings, including Federal facilities, and industrial
facilities to help achieve the EPA-mandated 2007 emissions levels in the non-attainment and affected
counties.

For example, it is estimated that commercial building space accounts for over 2.1 billion Sq. Ft. in Texas. If
all buildings over 50,000 sq. ft. of air-conditioned space could be motivated to be tuned-up [commissioned]
in non-attainment areas significant energy reduction potential exists in range of 10 — 40%. Texas A&M’s
Energy Systems Laboratory has proven building energy use can be easily reduced by 10 to 40 percent by
the systematic testing and optimization of building mechanical & thermal systems, controls and HVAC
equipment known as Continuous Commissioning® or Building Tune-ups at a cost of $ 0.20 — 0.50/sq.ft.
Added benefits are improved building comfort and employee productivity. If 30 million square feet could
be conditioned in 2003, which could grow to 570 million square feet conditioned by 2012, then 1.3 to 3.2
million MWh of electricity could be saved. This would amount to 161 to 285 tons NOx saved per year or
0.9 to 1.6 tons NOx saved per peak day™.

2007 - 2010 Tons NOx Tons NOx Saved Peak Day $/ton/10 yr
Saved/yr *
MWh Elec. 1.3-3.2 161- 285 09-16 Negative
Saved (10%) mil.

* 38 counties

* Additional information regarding this calculation can be found in the appendix.
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Tune-ups generally have a two-year payback with positive cash flow on day one. The cost in non- and near
non-attainment areas would be borne by building owners using zero percent loans provided by ESCO’s,
banks, and state revolving fund for Senate Bill 5 energy conservation efforts. Interest subsidies would be
funded through a line charge.
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6 TECHNOLOGY OF REPORTING & VERIFYING EMISSIONS REDUCTIONS FROM ENERGY
USED IN NEW BUILDINGS

Senate Bill 5 allows the TCEQ to obtain emissions reduction credits for reductions in electricity use and
electric demand that are attributable to the adoption of the International Energy Conservation Code (IECC
2000) in non-attainment and affected counties. In order for the TCEQ to accomplish this, county-wide
reductions in electricity use are calculated by the Laboratory each year and the corresponding NOXx
reductions reported to the TCEQ in a suitable format for obtaining the appropriate credit from the EPA.
Ultimately, the format and procedures for calculating emission savings must be approved by the EPA. In
this section the calculation procedures developed in 2002 and enhanced in 2003 are discussed in regards to
the estimation of the emissions reduction from buildings.

6.1  Procedures for Calculating Electricity Reductions

6.1.1  Residential Buildings

The methodology to accomplish the calculation of electricity savings from the implementation of the 2000
IECC to residential housing is presented in Figure 40 - Figure 48. These methodologies are composed of
procedures that calculate and verify savings using several different sources of information. These
procedures include:

1. The calculation of electricity savings and peak-day demand reductions from the implementation of
the 2000 IECC as amended by the 2001 Supplement (Figure 36 and Figure 37) in new residences
and the 2000 IECC and ASHRAE 90.1-1999 in commercial buildings, and ASHRAE 90.1-2001 in
Texas State Agencies (Figure 38 and Figure 39) in non-attainment and affected counties as
compared against 1999 housing characteristics, and the appropriate commercial building
characteristics using calibrated simulation.

2. A cross-check of electricity savings using a utility bill analysis method.
3. A cross-check of construction data using on-site visits.

6.1.1.1 Residential: New Construction

Calculation of the Potential for Emissions Reduction. The primary procedure for calculating the emissions
reduction from the adoption of the 2000 IECC in new residences is shown in Figure 40 and Figure 41.
Figure 40 is a flowchart of the overall procedure. For each county, 1999 and 2003 residential housing
characteristics were ascertained according to the procedures in Figure 40 and Figure 41. Using code-
traceable simulation, these characteristics are entered into the prototypical DOE-2 model to calculate the
annual energy use of two average-sized residences, one representing the house with the average 1999
characteristics, and one representing the appropriate characteristics from the 2000 IECC as modified by the
2001 Supplement. The annual electricity use of the 2000 IECC simulation is then subtracted from the
annual electricity use of the similarly-sized 1999 residence to obtain the annual electricity savings, and
peak electric demand savings. Natural gas savings associated with space heating and the heating of
domestic hot water are also calculated for informative purposes. The electricity savings attributable to the
2000 IECC energy conservation options for the average house are then multiplied by the number of new
house permits in each county to obtain the county-wide electricity savings. These electricity savings are
then converted to NO, reductions using the EPA’s eGRID database. Total annual NO, reductions
associated with the implementation of the 2000 IECC are then be calculated simultaneously for all non-
attainment and affected counties.

In Figure 41 the detailed flowchart is shown for calculating the 2003 annual energy use of new residential
construction for houses with and without the energy conserving features contained in the 2000 IECC,
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Chapters 4, 5 and 6. This is accomplished with two separate calculations: a) one path that represents the
standard house defined in the IECC / IRC Chapter 4 and 5, that uses average housing characteristics for
houses built in 1999 (left side of figure); and b) a second path that represents the standard house defined by
the 2000 IECC that includes the energy conserving features*® defined in Chapter 4, 5 and 6 (right side of
figure).

6.1.1.1.1  Calculating baseline energy use of new construction.

The procedure for calculating the 2003 baseline residential energy consumption (left side of Figure 41)
begins with the definitions of the standard house found in Chapter 4 of the IECC / IRC. These definitions
are used to create a standard input file for the DOE-2 simulation program (LBNL 2000). This standard
input file is then adjusted to reflect the average 1999 construction characteristics for each county* for type
A-1 (single-family) and type A-2 (all others) housing. The annual electricity and natural gas consumption
for the average house* is then simulated using the DOE-2 program and the appropriate weather data* for
each location. The annual, countywide, baseline energy consumption for new houses built in 2003 with
characteristics that reflect the IECC / IRC and 1999 published data is calculated by multiplying the annual
simulated energy use for an average house times the projected A-1 and A-2 county-wide housing permits
for 2003. The projected A-1 and A-2 housing permits for each county are projected using the previous
year’s housing permits as shown in Figure 41. This baseline represents the expected annual energy use of
all new construction in each county had those houses been constructed with the IECC / IRC Chapter 4 and
5 “standard house” and average 1999 characteristics.

6.1.1.1.2  Calculating code-compliant energy use of new construction.

The procedure for calculating the code-compliant 2003 residential energy consumption (right side of Figure
41) also begins with the definitions of the standard house found in Chapter 4 and 5 of the IECC / IRC. This
code-compliant input file reflects the average 1999 house size* for each county and IECC / IRC Chapter 5
or 6 construction characteristics™ for type A-1 (single-family) and type A-2 (all others) housing. The
annual electricity and natural gas consumption for a code-compliant house is then simulated using the
DOE-2 program and the appropriate weather data for each location. The annual, countywide, code-
compliant energy consumption for new houses built in 2003 with code-compliant characteristics is
calculated by multiplying the annual simulated energy use for a code-complaint house times the projected
A-1 and A-2 housing permits for 2003. This code-compliant use represents the expected annual energy use
of all new code-complaint construction in each county. The total electricity savings, which can be attributed
to the adoption of the IECC / IRC, are then calculated by comparing the difference in annual energy use of
the baseline housing versus the code-compliant housing as shown in Figure 40.

Figure 42 shows the basic calculation procedures used by the DOE-2 program to calculate the energy use of
a building. The DOE-2 program is a FORTRAN 90 computer program, which was developed by the
Lawrence Berkeley National Laboratory for the United States Department of Energy. DOE-2 contains four
sub-programs, including LOADS, SYSTEMS, PLANT and ECONOMICS that calculate the building
energy using beginning with the thermal loads on the building envelope (LOADS), followed by a
simulation of the secondary HVAC system (SYSTEM), primary HVAC systems (PLANT), and economic
calculations that are capable of accurately reproducing time-of-day and time-of-year utility charges. DOE-2

> The energy conserving features in the 2000 IECC are the same as those contained in Chapter 11 of the 2000 IRC, as modified by the
2001 Supplement (IECC 2001), which is required by Senate Bill 5.

“! The average 1999 construction characteristics represent the published data by the NAHB (2002), which has been cross-checked with
data from F.W. Dodge (2002), RECS (1999) and LBNL (1995).

“2 The average house size for each county is determined from the NAHB data. For .east Texas the average size house is 2,548 square
feet, for west Texas the average sized house is 2,426 square feet.

3 The appropriate weather data for each county is the nearest TMY 2 weather file that most accurately represents the 2000 IECC
climate zone as shown in Figure 2.

“ This uses the same average house size for each county as determined from published NAHB data.

“ These characteristics include insulation levels, glazing type, etc., as defined in Chapter 6 of the 2001 IECC or Chapter 11 of the
2001 IRC.
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uses hourly, or design day weather data, libraries of building material characteristics, and a user input file
that represents the building being simulated, which are processed and controlled by the BDL processor.

In 2003, one of the enhancements to the 2002 code-traceable simulation was an improved window
preprocessing program that more accurately simulates residential windows. To accomplish this a realistic
window, including the windows glass panes and window frame are entered and converted into a equivalent
window for simplifying the simulation as shown in Figure 43. This is accomplished with the multi-step
procedure shown in Figure 44, which takes the house characteristics, glazing properties, and window-to-
wall area, and determines the appropriate DOE-2 fenestration parameters using the National Fenestration
Rating Council’s 100 and 200 procedures. A second enhancement is shown in Figure 45, which shows the
new procedures that were developed to calculate the annual energy use and peak-day electricity use for the
pre-code (i.e., 1999) and code-compliant house.

6.1.1.1.3  Reconciliation of the Total Savings.

Several procedures have been developed and tested to reconcile the savings calculations, including®:
a) across-check of energy savings using a utility bill analysis method as shown in Figure 46, and
b) across-check of construction data using on-site visits as shown in Figure 47.

Cross-check of energy savings using utility bill analysis.

In 2003 a procedure for reconciling the energy savings attributable to the adoption of the IECC/IRC
against monthly utility billing data from representative houses using the ASHRAE Inverse Modeling
Toolkit (Kissock et al. 2001) was developed and tested. This procedure is based in part on the linear and
change-point linear regression models developed as part of the Texas LoanSTAR program (Turner et al.
2000), as well as the well-known Princeton Scorekeeping Method (PRISM) (Fels 1986; Fels et al. 1995) as
shown in Figure 46. In general, this method is based on the premise that the difference between a
statistically representative sample of 1999 and 2002 utility bills *’ should decrease by an amount that is
similar to the calculated savings from the IECC / IRC adoption for similar sized houses, with equal
numbers of occupants, in similar neighborhoods.

In Figure 46 the procedure for accomplishing this is displayed. The procedure has two parallel paths, one
for the 1999 housing stock (left side of Figure 46) and one for the 2002 housing stock (right side of Figure
46). For the housing cross-check with utility billing data, the procedure begins by selecting a 1999 house
and a code-compliant house that have similar characteristics to the construction characteristics that were
used for the primary calculation shown in Figure 40 and Figure 41. For each house 12 months of utility
billing data are obtained and analyzed with the ASHRAE IMT. The resultant, valid parameters from IMT *
are then normalized by conditioned area to obtain a weather-normalized, averaged energy use per square
foot. After the appropriate number of houses have been analyzed that represent a statistically significant
sample of houses constructed in 1999 for each county (or for the code-compliant house), the Normalized
Annual Consumption (i.e., NACiqg9 expressed as KWh/yr-ft?) is compared against the similar parameter for
houses constructed in 2003 (i.e., NAC,q00 iecc €Xpressed as kWh/yr- ft?) to obtain the average electricity
savings per square foot of conditioned area. This difference is then multiplied by the number of houses
constructed in a given year (i.e., 2001, 2002, 2003, etc.) and the average conditioned area of the houses
constructed in 2002 to obtain the total annual electricity savings per county. This total, county-wide, annual
electricity savings calculated by utility bill analysis can then be compared to the total, county-wide, annual
electricity savings calculated by simulation (i.e., Figure 40 and Figure 41). For each county, savings from
the difference in 1999 versus 2002 utility bills are expected to be similar to savings calculated by

4 Additional, detailed information about these procedures can be found in (Im 2003) “A Methodology to Evaluate Energy Savings and
NOx Emissions Reductions From the Adoption of the 2000 IECC to New Residences in Non-attainment and Affected Counties in
Texas”, Master’s Thesis, Department of Architecture, Texas A&M University, (December).

47 As determined by a statistically significant survey sample for each county.

8 The primary parameter of interest from the IMT analysis is the Normalized Annual Consumption (NAC). The goodness of fit
indicators used to determine a valid IMT run include the CV(NAC), and the adjusted R"2.
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simulation for similar houses, with similar household characteristics™. In 2003 this method was tested with
several representative houses with acceptable results. Additional information can be found in Im (2003).

Cross-check of construction data using on-site visits.

A reconciliation will also be carried out to cross-check selected parameters for both the 1999 and IECC/
IRC housing characteristics for each county as shown in Figure 47. For the 1999 housing stock, on-site
surveys of a statistically significant sample will be used to cross-check the average building
characteristics® used to simulate the average house in each county. Adjustments can then be made to the
average 1999 characteristics should significant differences be found.

As shown in the right side of Figure 47, a similar procedure will be carried out for newly constructed
houses to determine if the on-site housing characteristics meet, or exceed the IECC / IRC. Differences
found in the IECC / IRC characteristics will be noted as to whether or not these differences represent
characteristics that are less stringent or more stringent than code. Characteristics that are less stringent than
code will be communicated with code officials to determine how enforcement procedures to the code need
to be modified to better assure code compliance. Characteristics that are more stringent than code will be
credited to the countywide energy savings as above code savings™.

6.1.1.2  Residential: Existing Construction

Existing residential buildings that undergo a significant remodeling are also addressed by the IECC / IRC.
To account for the energy savings from these activities, procedures would be similar to those for new
construction that track remodeling permits, including how the buildings are complying with the IECC /
IRC. Different procedures may need to be developed for tracking existing building IECC / IRC activities.
For example, it may be more efficient to track the activity by the type of retrofit, including: envelope,
HVAC system, etc. Once a tracking procedure has been developed, then a suitable accounting scheme can
be developed and implemented to include these savings in with the savings from new construction
activities.

4 |f necessary, a similar procedure can be used to cross-check heating savings with either a 4 or 5 parameter change-point model using
monthly electricity utility bills, or a model applied to monthly natural gas utility bills.

%0 As previously mentioned the 1999 average building characteristics represent the average characteristics published by NAHB, and
compared against F.W. Dodge and LBNL.

%! Such savings are also referred to as “green” construction.
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Figure 47: Reconciliation residential housing characteristics using on-site surveys (Im 2003).
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Figure 48: Annual and Peak Day NOx Calculations (Im 2003).

6.1.2

6.1.2.1

Commercial/Industrial Buildings

General Description of Procedure.

The methodology to accomplish this for commercial buildings is presented in Figure 49 through Figure 53.
These procedures incorporate and verify savings using several different sources of information. These
procedures include a flowchart of the overall procedure (Figure 49), which includes the information
obtained from Figure 50. For each county, 1999 and 2002 commercial building characteristics will be
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ascertained according to the procedures in Figure 50. Using simulation, these characteristics are entered
into the DOE-2 simulation to calculate the annual energy use of two representative buildings, one
representing the commercial building with the average 1999 characteristics, and one representing the
appropriate characteristics from the IECC / IRC®. The annual electricity use of the IECC / IRC simulation
is then subtracted from the annual electricity use of the similarly-sized 1999 building to obtain the annual
electricity savings, and peak electric demand savings. Natural gas savings associated with space heating
and the heating of domestic hot water would be calculated for informative purposes. The electricity savings
attributable to the IECC / IRC energy conservation options would then be converted to NO, reductions per
building using eGRID. Electricity savings would then be scaled to represent the county-wide savings by
multiplying the annual commercial building permits for each county. Total NO, reductions associated with
the implementation of the IECC / IRC would then be calculated simultaneously for all non-attainment and
affected counties using a state-wide eGRID values.

In Figure 50 the detailed flowchart is shown for calculating the 2002 annual energy use of new commercial
building construction with and without the energy conserving features contained in the IECC / IRC,
chapters 4, and 8. This is accomplished with two separate calculations: a) one path that represents the
standard building defined in the IECC / IRC chapter 4 and 8, that uses average characteristics for buildings
built in 1999 (left side of figure); and b) a second path that represents the standard building defined by the
IECC / IRC that includes the energy conserving features® defined in chapter 7 and 8 (right side of figure).

Calculating baseline energy use of new construction. The procedure for calculating the 2002 baseline
commercial building energy consumption (left side of Figure 50) begins with the definitions of the standard
building found in Chapters 4 and 8 of the IECC / IRC. These definitions are used to create a standard input
file for the DOE-2 simulation program (LBNL 2000). This standard input file is then adjusted to reflect the
average 1999 construction characteristics for each county® for office, retail and industrial buildings. The
annual electricity and natural gas consumption for each building type® is then simulated using the DOE-2
program and the appropriate weather data®’ for each location. The annual, countywide, baseline energy
consumption for new buildings built in 2002 with characteristics that reflect the IECC /IRC and 1999
published data is calculated by multiplying the annual simulated energy use for an average building times
the projected county-wide construction permits for 2002. The projected office, retail and industrial
construction permits for each county are projected using regression that utilizes countywide population
growth and construction permits. This baseline represents the expected annual energy use of all new
construction in each county had those buildings been constructed with the IECC / IRC chapter 4 and 8
“standard building” and average 1999 characteristics.

Calculating code-compliant energy use of new construction. The procedure for calculating the code-
compliant 2002 commercial building energy consumption (right side of Figure 50) also begins with the
definitions of the standard building found in Chapter 4 and 8 of the IECC / IRC. This code-compliant input
file reflects the 1999 floor area® for office, retail, industrial permits in each county and IECC / IRC
Chapter 7 or 8 construction characteristics™. The annual electricity and natural gas consumption for a code-
compliant building is then simulated using the DOE-2 program and the appropriate weather data for each
location. The annual, county-wide, code-compliant energy consumption for new buildings built in 2002
with code-compliant characteristics is calculated by multiplying the annual simulated energy use for a
code-complaint buildings times the projected building permits for 2002. This code-compliant use represents

%% In some cases this will require comparing the building to the code requirements of ASHRAE Standard 90.1 1999, which is
referenced by the 2000 IECC (including the 2001 Supplement), in Chapter 7.

* The energy conserving features in the IECC 2001 are those contained in chapter 8 of the 2000 IRC, as modified by the 2001
Supplement (IECC 2001).

% The average 1999 construction characteristics represent the published data from several sources, including F.W. Dodge (2002),
CBECS (1995) and LBNL (1995).

% The average building size for each county is determined from published CBEC (1995) data.

%" The appropriate weather data for each county is the nearest TMY2 weather file that most accurately represents the 2001 IECC
climate zone as shown in Figure 2.

%8 This is derived from the published county-wide construction permit data on file with the Real Estate Center at Texas A&M
University, also cross-checked with CBECS (1995) data.

% These characteristics include insulation levels, glazing type, etc., as defined in Chapter 8 of the 2001 IECC or Chapter 7 of the 2000
IECC, which references ASHRAE Standard 90.1 1999 (w/o amendments).
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the expected annual energy use of all new code-complaint construction in each county. The total electricity
savings that can be attributed to the adoption of the IECC / IRC are then calculated by comparing the
difference in annual energy use of the baseline building versus the code-compliant building as shown in

6.1.2.2  Reconciliation of the total savings.

Several procedures have been identified to reconcile the savings calculations, including:
1. across-check of the calculated energy use against the published average energy use found in
the USDOE’s Commercial Building Energy Characteristics Survey (CBECS 1995),
2. across-check of energy savings using a utility bill analysis method, and
3. across-check of construction data using on-site visits.

Cross-check of the calculated energy use against published data. The procedure to cross-check the
calculated energy use of the baseline building and code-compliant building against the average energy use
published by the CBECS (1995) as shown in Figure 51. It is important to note that this procedure is
proposed for informative purposes, since exact agreement between the office, retail and industrial
characteristics in the IECC / IRC and CBECS is not anticipated, since the CBECS data reflects actual
average occupant behavior, and the IECC / IRC reflects a controlled occupant behavior. The procedure
multiplies the expected number of office, retail and industrial building area times the average annual energy
use per unit area published in CBECS to obtain the county-wide annual energy use for all newly
constructed buildings. This value is expected to be useful in judging whether or not any adjustments are
needed in the IECC /IRC Chapter 4, 7 and 8 construction characteristics.

Cross-check of energy savings using utility bill analysis. The energy savings attributable to the adoption of
the IECC / IRC will also be reconciled with monthly utility billing data using ASHRAE’s Inverse Model
Toolkit algorithms (IMT) (Kissock et al. 2001) is shown in Figure 52 in 2002 utility bills should decrease
by an amount that is similar to the calculated savings from IECC / IRC adoption for similar sized office,
retail or industrial facility with similar characteristics and functional use. In has two parallel paths, one for
the 1999 building stock and one for the 2002 building stock.

For the building cross-check with utility billing data, the procedure begins by selecting a 1999 building and
a 2002 building that have similar characteristics to the construction characteristics that were used for the
primary calculation. For each building 12 months of utility billing data are obtained and analyzed with the
ASHRAE IMT. The resultant, valid parameters from IMT® are then normalized by conditioned area to
obtain a weather-normalized, averaged energy use per square foot. After the appropriate number of
buildings have been analyzed that represent a statistically significant sample of buildings constructed in
1999 for each county (or for 2002), the normalized annual consumption (i.e., expressed as kWh/yr-ft) is
compared against the similar parameter for buildings constructed in 2002 (i.e., also expressed as kWh/yr-
ft?) to obtain the average electricity savings per square foot of conditioned area. This difference is then
multiplied by the square footage reported in the building permits constructed in 2002 and the average
conditioned area of the buildings constructed in 2002 to obtain the total annual electricity savings per
county. This total, county-wide, annual electricity savings calculated by utility bill analysis can then be
compared to the total, county-wide, annual electricity savings calculated by simulation. For each county,
savings from the difference in 1999 versus 2002 utility bills are expected to be similar to savings calculated
by simulation for similar buildings, with similar characteristics.

Cross-check of construction data using on-site visits. A reconciliation will also be carried out to cross-
check selected parameters for both the 1999 and 2002 building characteristics for each county as shown in
Figure 53. For the 1999 building stock, on-site surveys of a statistically significant sample will be used to

% The primary parameter of interest from the ASHRAE IMT depends upon the model selection, which includes: a one parameter
mean model, a two parameter model, three, four and five parameter change-point models, variable based degree models, and
combined models that utilize multiple linear regression with 1,2,3,45 or VBDD maodels. The goodness of fit indicators used to
determine a valid IMT run include the CV(RMSE), RMSE, and IMT’s adjusted R"2.
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cross-check the average building characteristics™ used to simulate the average building in each county.
Adjustments can then be made to the average 1999 characteristics should significant differences be found.

As shown in the right side of the figure adjustments will be carried out for newly constructed buildings to
determine if the on-site building characteristics meet, or exceed the IECC / IRC. However, differences
found in the 2002 characteristics will be noted as to whether or not these differences represent
characteristics that are less stringent or more stringent than code. Characteristics that are less stringent that
code will be communicated with code officials to determine how enforcement procedures to the code need
to be modified to better assure code compliance. Characteristics that are more stringent than code will be
credited to the countywide energy savings as above code savings.

6.1.2.3  Commercial/Industrial Buildings: Existing Construction

Existing commercial buildings undergo a significant remodeling are addressed by the IECC/IRC. To
account for the energy savings from these activities, procedures similar to those shown for new
construction will be applied to track remodeling permits, including how the buildings are complying with
the IECC / IRC. Different procedures may need to be developed for tracking existing building IECC / IRC
activities. For example, it may be more efficient to track the activity by the type of retrofit, including:
envelope, HVAC system, etc. Once a tracking procedure has been developed, then a suitable accounting
scheme can be developed and implemented to roll these savings into the savings from new construction
activities.

6.1.3  Renewables Applied to Buildings

The application of renewable energy systems in buildings are addressed by the IECC / IRC. To account for
the energy savings from these activities, the procedures shown in Figure 54 and Figure 55 will be used to
track the installation of projects that utilize renewables, according to the procedures in the IECC/IRC. In
each county the number and type of renewable energy system will be evaluated to determine the displaced
electricity or natural gas use. Characteristics about each system will need to be collected, including: the
type of system, ft* of aperature, orientation, tilt, systems characteristics, etc. These characteristics will then
be input into either the FCHART or PVFCHART®?, depending upon system type, and the annual energy
use simulated with the appropriate program. Total county-wide energy use is the cumulative total energy
production of all systems installed in a county.

6.1.4  Calculation of Total Annual County-wide IECC /IRC Electricity Reductions.

Total annual, county-wide IECC / IRC electricity reductions would be the total of the savings from IECC /
IRC application to residential, commercial/industrial, and renewable energy applications. Total savings
from non-attainment and affected counties would incorporate savings from the county-wide IECC / IRC
reductions. Total state-wide savings would be calculated in a similar fashion using county-wide savings
from all Texas non-attainment and affected counties. In the case of solar thermal systems, natural gas
savings are also calculated and converted to NOx emissions reduction.

81 As previously mentioned the 1999 average building characteristics represent the average characteristics published by F.W. Dodge,
CBECS and LBNL.

82 FCHART and PVFCHART are nationally recognized solar analysis software developed by S.A. Klein, and W. A. Beckman at the,
Solar Energy Laboratory, Mechanical Engineering Laboratory, 1500 Engineering Drive, University of Wisconsin — Madison, W]
53706.
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Figure 49: General flowchart for calculation of emission reduction from implementation of IECC / IRC in
commercial buildings in non-attainment and affected counties.
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Figure 50: Calculation of countywide commercial new construction energy consumption (1999

characteristics and IECC / IRC).
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Figure 51: Estimated commercial energy consumption for buildings constructed in 1999 by Texas county.
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Figure 38: ASHRAE Standard 90.1- 1999,
applicable to all commercial buildings.

Figure 39: ASHRAE Standard 90.1- 2001,
applicable to all State Agencies.
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Figure 52: Reconciliation of commercial building energy savings using utility bill analysis.
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Figure 53: Reconciliation commercial building characteristics using on-site surveys.
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Figure 54: General flowchart for calculation of emission reduction from the use of renewables as
incorporated in the IECC / IRC in residential or commercial/industrial buildings in non-attainment and

affected counties.
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Figure 55: Detailed calculation of county-wide solar thermal or photovoltaic energy generation in
residential or commercial/industrial new construction.

6.2  Procedures for Calculating NOx Emissions Reduction.

The annual and peak-day NOx estimations required by the EPA requires annual, and peak-day calculations
of county-wide electricity reductions®. The proposed procedure for calculating annual and peak-day NOx
reductions uses the eGRID database. eGRID is the USEPA’s Emissions and Generation Resource
Integrated Database. 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

eGRID is a comprehensive database of environmental attributes of electric power systems. eGRID 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 [Ibs/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 [lIbs/BBtu] for mercury), heat input (in MMBtu), and capacity (in MW). eGRID also reports
changes in ownership and industry structure as well as power flows between states and grid regions. For
more information on eGRID, see http://www.epa.gov/cleanenergy/egrid.htm.

8 For additional details regarding this procedure see: Draft Houston/Galveston Attainment Demonstration and Post-1999 Rate-of-
Progress SIP: Appendix A — Description of the Methodology for Determining Credit for Energy Efficiency, Texas Natural
Resources Conservation Commission, Austin, Texas, June 5", 2002 proposal.
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Table 14 shows the eGRID table published in November 2002.%* This table is the result of a methodology
Art Diem of USEPA performed using eGRID data. This methodology distributes reductions in energy
generation within the ERCOT territory using eGRID power flow data and eGRID plant level capacity
factor data. The eGRID plant level NOx emission factors are applied to these generation changes and
aggregated to the county level.

For the ESL’s Senate Bill 5 project, several tables are needed to convert the county-wide electricity savings
from IECC /IRC 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 14 shows county-wide NOXx 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 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 15, 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 NOXx (in pounds) that
could be reduced by electric generators in that county if one megaWatt-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 16 presents an expanded version of Table 14. 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 16. 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 of the 38 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.

In Table 16, Table 15 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 reduction 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 17 and Table 18 show all electric utility providers for each county in Texas. These tables were
obtained from the Public Utility Commission of Texas (PUCT) website (http://www.puc.state.tx.us,
November 2002). These tables provide 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 19 is the summary table from the ESL’s 2002 Senate Bill 5 report to the TNRCC®. In this table, each
county was assigned to a corresponding PCA using the PCA map published by ERCOT in May of 2002°".

% The Energy Systems Laboratory (ESL) received this table from Mr. Art Diem ((Environment and Energy Integration) Phone: 202-
564-3525 (diem.art@epa.gov)) at the USEPA in November 2002.

% In 2003 this was expanded to 41 counties, which now include Henderson, Hood and Hunt counties.

% 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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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 IECC / IRC 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 house® 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 county®.
Column 16 provides the annual tons of NOx emissions savings from implementation of the IECC/IRC 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 provider®. The bottom row in Table
19 gives the total values for all non-attainment and affected counties.

In Table 20, the electric utility providers were updated to reflect the data in Table 17 and Table 18. The
columns in Table 20 show the updated NOx values that including the new values from Table 17 and Table
18. Table 20 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 NOXx values increased the previously reported total peak-
day emissions rates from 2.09 to 2.6 tons-NOx/peak-day for the same MWh/county values.

%7 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.

88 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 furnace AFUE were changed.

% These values represent the June 2002 values published by the TNRCC from the EPA’s E-GRID report.

™ This value does not include a 20% T&D factor.
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45149
49157
48161
49163
49167
49185
48197
48201
45207
49213
49215
45221
49251
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Cnty_FIP County

BASTROP
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BRAZ0S
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CAMERON
CHAMBERS
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COKE
COLEMAN
COLLIN
CROCKETT
DALLAS
DENTON
FANNIN
FAYETTE
FORT BEND
FREESTONE
FRIO
GALVESTON
GRIMES
HARDEMAN
HARRIS
HASKELL
HENDERSON
HIDALGO
HOOD
JOHNSON
JONES
LAMAR
LIMESTONE
LLANO
MCLENNAN
MITCHELL
NOLAN
NUECES
PALO PINTO
PARKER
RED RIWVER
ROBERTSON
RUSK
TARRANT
TAYLOR
TITUS
TRAVIS
VICTORIA
WARD
WEBB
WHARTON
YOUNG
TOTAL

American
Electric Power -
West
(ERCOT)/PCA
0.0
0.06
0.0

0.19
0.14
0.05
0.01
0.03
0.02
0.01
0.14
0.06

0.0z
0.0z
0.13
0.0z
0.05
0.0s
0.0
0.01
0.05
0.16

0.13
0.0z

0.14
0.01

0.04
0.04

074
o001

0.01
0.04
0.01
0.01

0.30
0.08
0.08

002
2.90

County-wide NOx Reductions in pounds per MWh for EE/RE implemented in each listed PCA

Austin
Energy/PCA
020
0.03
0.01
0.01

0.08
0.01

0.01

0.06
0.01
0.02
0.86
017
0.0z

0.08
0.01

0.07

0.0z2

0.01
012
0.04
0.04

0.01
002

0.01
0.04

0.01
0.45
0.01
0.08

0.02
2.56

Brownsuville
Public Utils
Board/PCA

0.04

0.14
0.20
0.03
0.01
0.02
0.01

0.11
0.04

0.01
0.02
0.10
0.0z
0.04
0.04

0.01
0.04
012

0.10
0.02

0.11

0.03
0.03

0.55
0.01

0.01
0.03

0.01
0.22
0.04
0.05

0.01
2.24

Lower Colorado
River
Authority/PCA

0.34
0.16

0.m
0.m

0.02
0.02

0.02

0.09
0.m
0.03
1.51
0.08
0.04
0.m
0.0z
0.0z

0.02
0.0
0.0

0.04

0.1
0.07
0.07

0.02
0.03

0.01
0.06

0.02
0.0s
0.m
0.09

0.03
.76

HL&P/PCA Bd/PCA

0.01
2.00

0.0s 0.01

0.35 0.08

0.01

0.03 0.01

0.01

0.01 0.04

1.01 0.23

0.0

0.339 0.09

0.0

0.41 0.09

0.01

0.0s 0.01
0.01

0.0z 0.01

0.0z 0.01

0.01 0.01

0.01

0.01

0.0z 0.01

0.0z 0.01

0.0

0.01

2.50 2.65

San Antonio
Reliant Energy | Public Service

South Texas
Electric Coop Texas Municipal

Inc/PCA Power Pool/PCA

0.05

0.03
0.04
0.03
0.03
0.02
0.01

0.05
0.03
0.09
0.04
0.03
0.01
0.0
0.03
1.15
0.04
0.06

0.04
0.03

0.03
0.03

0.03

0.06
0.06

015
0.09
0.01

0.01
0.05
0.0z
0.65
0.08
0.01

0.03
3.28

0.m

0.m
0.m

0.02
0.06

0.19

0.30
0.15
0.09
0.02
0.08
0.12
0.07
0.03
0.23

0.02
0.0
0.02

0.12
0.m

0.22
0.1

0.02
0.36
0.03
0.0

0.04
0.18

0.0s
0.0s
0.28

0.09
3.22

Texas-Hew
Mexico Power
Co/PCA

ooz
ooz

0.09

0.03

0.07
0.04

0.42

003

0.01

0.04

.07
.07

oo

0.40
0.01
0.06

0.02

0.10

003
1.59

TXU
Electric/PCA

0.01
0.01
0.01
0.03
0.10

0.0z
0.01
0.51
0.01
017
0.02
0.10
0.22

0.04
0.01

0.04
0.01
0.03

0.22

0.01
0.01

0.40
0.39
0.01
0.03
0.02

0.02
0.01
0.07
0.33

0.10
0.01
0.51

016
3.66

Table 14: EPA’s eGRID table: County-wide NOx Reductions in pounds per MWh for EE/RE Implemented
in each listed PCA (Received from USEPA November 2002)
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Armerican Lower Texas
Electtic Power - Browensville Colarado Reliant San Antonio | South Texas Municipal Texas-New
West Austin Public Ltils River Energy  [Public Serice [Electric Coop Fower Mexico Power TxU
Ares County (ERCOTWPCA |Energy/PCA| Board/PCA |Auhotrity/PCA|HLEP/PCA | Bd/PTA INC/PTA PoolfPCA Co/PCA Electric/PTA
BASTROP 0.01 0.20 0.34 0.01
BEXAR 0.05 0.09 0.04 0.16 2.00 0.08 0.01
TRAVIS 0.46 0.08
FAYETTE 0.02 0.86 0.02 1.51 0.01 0.04 0.01 0.02 0.02]
Austin- - |LLAND 012 0.21 0.01
San Antonio |CALDWELL
Area COMAL
GUADALUPE
HAYS
WILLIAMSOR
WILSON
COLLIM 0.01 0.01 0.02 0.01 0.05 0.19 0.02)
DALLAS 0.08 0.06 0.04 0.08 0.03 0.01 0.09 0.30 0.08 0.51
DENTON 0.01 0.01 0.04 0.15 0.01
JOHNSON 0.01
PARKER 0.01 0.03
CHEROKEE 0.01 0.01 0.01 0.02 0.02 0.06 0.0z 0.10]
COKE 0.03 0.02 0.01
COLEMAM 0.02 0.01
FAMNNIN 0.02 0.0z 0.01 0.03 0.01 0.03 0.09 0.03 0.17]
FRID 0.05 0.04 0.01 115 0.07
HARDEMAM 0.01 0.01
HASKELL 0.16 0.12 0.01 0.03 0.01 0.01
HEWDERSON 0.01 0.02 0.01 0.03]
Dallas-Fort HOOD 0.02 0.02 0.02 0.04 0.01 0.03 0.12 0.04 0.22
Worth Area JONES 0.14 0.11 0.03 0.01
0 LAMAR 0.0
LIMESTONE 0.01 0.01 0.05 0.01
MCLEMMAN 0.04 0.04 0.03 0.07 0.02 0.01 0.06 0.2 0.07 0.40]
MITCHELL 0.04 0.04 0.03 0.07 0.02 0.01 0.06 0.21 0.07 0.39]
NOLAN 0.0
PALD PINTO 0.01 0.02 0.01 0.03 0.01 0.09 0.36 0.02
RED RIVER 0.01 0.02]
TAYLOR 0.01
TTus 0.01 0.01 0.01 0.02 0.02 0.05 0.02 0.10]
YOUNG 0.02 0.02 0.01 0.03 0.01 0.03 0.03 0.03 0.16]
TARRANT 0.04 0.04 0.03 0.08 0.02 0.01 0.058 0.18 0.06 0.33]
ELLIS
FALFRAN
ROCKWWALL
BRAZORIA 0.01 0.01 0.05 0.01
BRAZOS 0.01 0.01 0.03 0.11 0.01
GRIMES 0.01 0.01 0.02 0.01 0.06 0.23 0.01
WHARTON 0.01
CHAMBERS 0.05 0.06 0.03 0.02 0.35 0.08 0.03 0.02 0.02 0.03
FORT BEMND 0.13 0.17 0.10 0.06 1.01 0.23 0.09 0.06 0.07 0.10]
Houston | GALYESTON 0.08 0.06 0.04 0.02 0.39 0.09 0.04 0.03 0.42 0.04
- Galveston |ROBERTSOM 0.01 0.40 0.01
Area HARRIS 0.05 0.07 0.04 0.02 0.41 0.09 0.04 0.02 0.03 0.04]
HARDIMN
JEFFERSOM
LIBERTY
MONTGOMERY
ORANGE
WALLER
El Paso Area |[EL PASD
RUSK 0.01 0.01 0.01 0.01 0.01 0.04 0.01 0.07]
CROCKETT 0.14 0.1 0.03 0.01
FREESTOMNE 0.02 0.0z 0.02 0.04 0.01 0.03 0.12 0.04 0.22]
CALHOUN 0.13 0.14 0.01 0.04 0.01 0.01
HIDALGD 0.13 0.10 0.03
CAMERON 0.14 0.20 0.03 0.01
WARD 0.06 0.06 0.04 0.03 0.02 0.01 0.08 0.28 0.10 0.51
OTHER  |WEBB 0.08 0.08 0.01
NUECES 0.74 0.01 0.55 0.02 0.01 0.01 0.15 0.02 0.01 0.03
WICTORIA 0.30 0.01 0.22 0.01 0.68 0.05 0.01
GREGG
HARRISOMN
ShITH
UPSHUR
SAN PATRICIO
TOTAL 2.89 2.54 2.22 3.12 2.48 2.63 3.27 3.19 1.54 3.65

Table 15: 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)
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Amencan

Lowar
Coiloradn Tenss
Wt Hrar NOx Reliant MOx San Antonio NOx South Texas NOx Murscygial Texas-New MNOx Total Nox
([ERCOT) Auhotiity  |Reductions | Eneegy | Reductions [Public Serice| Reductions | Electic Coap 1 Bawenr Mewico Powor T Rodutions i
JPCA HLEP/PCA (Ihs) BdPCA bz} INCPCA Albs) PoalPCA CofPCA Electric/PCA (Ibs) (Tone)
o 0.m 0.00| 0,00] 0
0106 04 200 0.00) 0.0 I oam 000 o
0u00)| 0u00| 0,00] 0.
0.02| 0.02] 0.04) 0,00 nm 0.0 0,00 0
0.m .00
)00
0]
GUATIALUPE ] 100
HAYS ) 10
[WLLIAMSON o
[WLSON i i)
COLLN i) I ] 0L
[OALLAS 0| [iiT 0| [ITE] 1] 10
[DENTON o
[IOHNS TN
[PARKER
[CHERCHEE ("1 ]} .o 0.00| 0.02 0
[COKE 0,00 002 0L00)| 0.
[COLEMAN 0.02| i 0u00)| i}
[FARMIN oot 0.03]
FRIO 004
[HARDEMAN (1]
[HASHELL 12 ]
[HENDERSON ] 5 100
HOOD [ii7) [i[i7) 002 10
Dallas-Fart =
Worth Aema [TOM 014 [iNE]
[LIME STONE oo 0.m
MCLENNAN 0o 0103 om 0.00| 0.07) o
MITCHELL 004 003 o.m 0u00)| 0.07 0.
WO 0.00| 0
[PALD PINTO oo oot
[RED RIVER
TAYLOR
TS (i) [INTE] 100
[¥OUNE (i) [INiE] 10
TrRRANT 00 i] q 006
ElLS
FAUTIAN !
ROCKWALL 1 00|
BRATORL o] ano1) o0
ERATOS o0
'GRIMLCS oo 00|
WHARTON 0.00| 0
[CHAMDERS 0.05| 003 0.00 0u00)| 0.03 0.
[FORT BEND 0.13] 0.10| 0.23) 0u00)| 0.07) 0.
Houston  |CALVESTOM ouos| 0.04] 0.09) 0.43
- Galeston [ROBERTSOMN 0.40
Aven [HARRS [iI] 004 0.05] U.03
[HARDIN 100
[JEFF ERmON 100
LIRERT Y 10
MONTGOMERY
[CRANGE
WWALLER 00|
Fl P Asea |EL BASD | 100
LIS, 001 Il 0.01
CROCKETT 1 100
FREESTONE [F] [TTT] | 100
[CALHOUN 14 10
[HIDALGD 10
[CAMERON 20|
WWARD L] 02| o.m 0.10
OTHER  [WEDD 0106 0105 0.00) 1]
HUECES 074 D.EE| om o.m 0u00)| 0. 0.
WICTORLA 0.30] 0.22] 0,00 0.
[CRECC
HARRTSON
[SMITH
UPSHUR 100
| SAN BATRICIO 10K
TOTAL 289 2.22] 243 263 154
Enurgy Sieangs by PCA | l l l ] l
frpen ES1 (WA 0.00) 0.00) 000/ o.00) 000 0.00)

Table 16: Modified Calculation
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Heglon

Cou Humber Hugion Hame Electric Utilities
[ ANDERSON [} East Toxas Council of Govemmants ONCOR Trinty Yalley EC Hayston County EC
| 2HOREWS 9 Pummian Bagn Regonsl Planneg Cerenmsion ONCOR Cap Fack EC
| ANGELNA 14 Deep Eact Texae Council of Gavemments ONCOR Sam Hauston EC Hsuston County EC Jaspes Hewtan EC
| RaNSRS A Coaetal Beed Council of Govenments CPUAER) San Painein EC
| ARCHER 3 Monh Tesas Regieral Flansing Commissin ONCOR T-NMP JACEC Fart Buknap EC Tr-County EC Southwes! Fursl EC
| ARMSTRONG. 1 Panhandla Regional Plansing Cammissan NCELISFS) Geperkall EC Swisher EC
|ATASCOSA 16 Alseno Avea Council of Gowmments CPLIAEF) CPSB Medin EC Kames EC
| ALIETIN 16 Houston-Gahmison Ama Gouncil RELANTGENTER FOINT) Bebale San Banard EC Bhathonnet EC Fayetin EC
BAILEY 2 South Plans Associstan of Govemmnts Bakey County EC Lamb County EC
BANDERA B Mamo Area Council of Govemmaents Bandara EC
BRSTROS 12 Caphel Ares Planning Coureil ONCOR Smittrelle Elusborest EC Faywlle EC
OAYLOR 3 Hoh Teuas Regienal Plancing Commission ONCOR Seymour TrCounty EC Southwest Rural EC
HEE A Cosetsl Beed Council of Goveenments CPLAER) San Patncis BC Kamas EC
BELL 23 Comral Terss Council of Govemments ONCOR Banlent EC Eslfalls EC MeLesrsan County EC Fedumales EC Euartielt
BEXAR W Alwmo Asea Council of Govemmans PS8 Bandea EC
BLANCO 12 Captel Ares Planning Council Pedermales EC Central Tenas EC
BORDEN 9 Pomian Basn Fegionsl Flanneg Commasion  Lyntegar £C Big Courtry EG Gap Rlock BG
BOSQUE 11 Hean of Taxss Council of Govemments T-HMP Unined Coop Serntes MeLennan Courty EC
BOWIE 5§ MkeTew Councd of Govemments SWEPLOALR) Bowie-Cazs EC Squthwest Arkanzas EC
BRAZORS, 16 Houston-Gaheston Asea Council RELLSNT(CENTER POINT) T-NMP Juthson EC
BRAZCE 13 Brazos Valey Councl of Govemmants. BRYAN Colege Station Mid-Squth EC Mavasata Valley EC
BREWSTER 8 Rio Grands Council of Govreenerts WIUAER) o Graedi EC
BRISCOE 1 Panhasdle Regisnal Plancing Commission WTLAER) Lighthouee EC Swithar EC
BROOKS A Cosetsl Beed Council of Goveenments CPLAER) Mading EC Muaces EC
BROWN T West Cenlral Texas Councl of Govemments ONCOR WTLAEF) Cap Rock EC Comanche EC
BURLESON 13 Brazos Valay Councd of Govammants. ENTERGY BRYAN Bartlatt EC Bhsahonnet EC
BURNET 12 Captel Ares Planning Council ONCOR Pedemaes EC
CALIWELL 12 Captol Area Planning Council CPLAEF) Lutng Pedemales EC Blsbonnet EC
CALHCUN 17 (Gelden Crescent Regional Plansing Commissnn  CPUAER) “Wietoris EC Juckion EC
CALLAHAN T West Cantral Tewas Councl of Govemments WTUAEF) Tayhr EC Comanche B
CAMERDN A Lo Fin Graeda ialley Divlopment Counel CRLAER) Mage Vlluy EC T
CAMP 6 East Tewas Council of Gavemments SWEPCOAER) Waod County EC Upshur Fursl EC
CRARSON 1 Panhasdla Ragiensl Plansing Commigeion HCELIERE)
CASS 5 AukeTen Councd of Gowrmments Upshu Rural EC Eowi EC
CASTRO 1 Panhardla Reaginal Plansing Cammissan NCELISFS) Deat Smen EC Bailery County £C Lamh Courty EC Swisher EC
CHAMEERS 16 Houston-Gaheston Ares Council RELANTICENTER FOINT)  ENTERGY
CHERDKEE & East Towas Council of Gowemmants ONCOR Chemkee Courty EC Haustan Gounty EC
CHILORESS 1 Panhaedle Regional Planving Commissan WL werkall EC Lighthouss EC South Plains EC Harrnen EC
CLAY 3 Horth Tewas Regicnal Plarcing Commizzin ONEOR T-HMP S ES Wige EC
COCHRAN 2 South Plang Associston of Gowmesnls MCELISPE) Haksy Counly EC Lamb Counly EC Les Cenmly Ee
COKE 0 Conche Waley Council of Govemments WTLIAEF) Conche Valley EC Taylo EC
COLEMAN 7 Wl Contrsl Tazas Councl of Gevmmanls WTURER} Calérnan Cap Reck EC Colrran Counly EC
COLUN 4 Morth Central Tanas Councd of Govemmants ONCOR T-NMP Famersile Cap Rock EC GraysonColin EC CoSenE FEC Electric Fanein County EC
COLUNGEWORTH | 1 Panhasdls Ragieasl Plansing Commigsin WTURER) Geegeiall EC
COLORADO 16 Houston Gaheston Area Council CPLIAEF) Wiaimar Fayette EC Blathonnut EC Fan Bunard EC Wharton Cousty EC
COMAL W Alwmo Awea Council of Govemmans PS8 Herw Braunfets Fadamales EC
COMANCHE T West Centrsl Texas Counci of Govemments ONCOR T-NHP Corranche EC United Coop Senices
GONCHD 10 Ganche Valey Council of Gosemmants WTLAEF) Goncha Valey EC Cap Fock EC Codeman County EC Southwest Tr EC
COOKE 22 Teweens Cousil of Govemments ONCOR Cooke Cousty EC CoSen E Wike
CORYELL 23 Comral Tewas Council of Govemments ONCOR T-HWP McLennan Courty EC Hamiton County B United Coop Senices
COTILE 3 Modh Taxas Regieeal Plarang Commissen WITLAER) South Plans EC
CRANE 9 Pemian Dasn Regions! Flanning Comenission  ONCOR
CROCHETT 0 Conchs Vallsy Council of Gavammants WTLEER) Rin Geseda EC Sauthwast Tx EC
CROSBY 2 South Plans Associston of Govwemments NCELEPE) Crosbylon Lighthouse EC South Plains EC
CULBERSDN B Rio Granda Counci of Gowsmanents. EREC Rin Granda EC
DALLAM 1 Panhaexdle Regiersl Plancing Commission HCELISPS) Rita Blanca EC
OALLAS 4 HNorh Central Texas Gouncd of Govwemmants ONCOR Garland FEC Elnctric HLCO BC Trnity Valiny G
DESTN 9 Purmian Bagn Regionsl Planning Cerrrgion ONCOR Lymegis EC Cap Ruck EC
DEAF SHITH 1 Panhandle Regienal Plancing Commission HCELEPE) Diaf Smith EC Famers EC How Moxice
DELT2 S Adk-Tex Councd of Govmewnls. ONCOR Lamar County EC FEC Elpetne
DENTCH 4 Horth Central Tewas Councd of Govemmants ONCOR T-HMP Duntan Sanger Cooke County EC CoSen E Wise G TreCounty EC
DEWITT 17 Geldin Crascent Rugieral Plansng Commisesan  CRLAER) Fuakum Cuars D EC Wictana EC Soulh Taxas EC
DICKENS 2 South Plans Associstion of Govermments WTLAER) South Plans EC Lighthouse EC
DIMMIT 2 Midda Fio Grands Devalopment Council CPLAEF) Mading EC Fin Grands EC
DONLEY 1 Panhasdle Regieral Flansing Commission WTUAER) Goperkall EC Lighthouse EC
DLPAL A Coastal Bend Council of Goesmments. CFLAEF] Mading EC Maaces EC Soueh Texas £C
EASTLAND T Wes! Cenlrsl Texas Councl of Govemments ONCOR WTLIAEF) Comanche EC United Coop Senices  Taylo EC
ECTOR 9 Pomian Basn Regionsl Flanneg Commsion  ONGOR Galdsmah Gap Fiock EG
EDWARDS 24 Midde Rio Grande Develupmen Councl LPUAER) Rio Graedu EC Medina EC Pedgrnsles EC Sauthwest Ts EC
ELPASO 8 Rio Grande Counci of Gowmments. EPEC Rio Grande EC
ELLIE 4 Modh Contrsl Tazas Councd of Gevmmanls ONCOR Hipvsera Counity EC HLCO EC Unded Cosp Serncus
ERATH 4 Morth Central Tanas Councd of Govemmants ONCOR “HHP United Caop Senices
FaLLS 11 Haa of Texse Council of Govammants ONCOR Bakalls £C MzcLannan County EC Maveaols Valley EC
FANN 22 Tuwomna Couil of Gavemments ONCOR T-NMP Fanrin County EC Cap Rock EC FEC Electiic Lamar Ceunty EC
FAYETTE 13 Captal Ares Flanning Council La Grang Schulanhurg Flatoeas Fayatia EC Elushorest EC
FISHER T Wiest Central Texas Councd of Govemiments WTUAEF) Big Coustry EC Cap Rock EC Taylor EC
FLOYD 2 South Plans Associabon of Gowmments. HCELISPS) Flaydada Lighthouse EC South Plans EC
FOARD 3 Monh Texas Regional Plansing Commisen WIUAEF) Southreet Rural EC South Plaing EC Tei-Cousty EC
FORT BEND 16 Houston-Gabeston Area Council RELANT(CENTER FOINT)
FRABLIN S Adk-Tex Councd of Gowmewnts. SWERCOGAER) FEC Elclne Ewp-Cass EC Woad Courty EC
FREESTONE 11 Heart of Texas Counsil of Gavemmants QNCOR Havasata Valloy EC Mavams County EC Houston County EC
FRID 1B Aleno Awa Councl of Govmmmants CRUAER) M EC
GANES 9 Pemmian Dasn Regions! Flanning Comenission  WCELISPS) Lyrtegar EC Lea County Ec
GALVESTON 16 Houston-Gahweton Area Council RELLENT(CENTER POINT)  T-NMP ENTERGY
GARLA 2 South Plans Associston of Gowrmments Big Courtry EC Lyntegar EC South Plains EC
GLLESFIE 18 Alamo Ama Council of Govemmants Fradanciebung Fademalas EC Contral Taxas EC
GLASSCOCK 9 Peimian Basn Regions! Fanning Comenision  ONCOR Cap Rock EC
GOLAD 17 Golden Crescen: Aegional Plansing Commisson  CRLAEF) Kamns EC Wictana EG San Patica EC Dttt EC
GONZALES 17 (Gelden Crescent Regional Plansing Commissnn  CPUAER) Genrales Wastlder Guadakgs Yaley EC
GRAY 1 Panhandle Regienal Plancing Commission HCELEPE) Goverkalt BC
GRAYEON 22 Teneens Cousel of Govammants ONCOR T-NMP Welaihar Grapaon-Colkn EC Fansn Counly EC Cooke County EC CoSenE
GREGG 6 East Tewas Council of Gavemments SWEPLOAER) Rusk Courty EC Upshur Rursl EC
GRMES 13 Hmazos Valay Counci of Govemmants ENTERGY Mid-South EC San Banard EC
GUALWLURE 1B Alsno fawa Council of Govwmments P8 Segun Guadslupe Valey EC Bhoshonnet EC Fedumales EC
HALE 2 South Plans Associatan of Gowmments. XCELSPS) Swigrar EC Lamhb County EC Laghthause EC Sauth Flaing EC
HALL 1 Panhaexdle Regiersl Plancing Commission WTUAEF) Lighteuse EC South Plaing EC
HAMILTON 28 Central Texas Council of Gowemments T-HMP Uneed Coop Seneces Hamition Couray EC McLesean County EC
HANSFORD 1 Panhsedle Regieral Plansing Commisssn RHCELSPS) T-HMP Parth Plains EC Ria Blinca EC
HARDEMAN 3 Horth Tewas Regicnal Plarcing Commizzin WTLUAEF) South Plans EC Southwest Roral EC Haman EG
HERDIN 15 South Eust Taxas Rugenal Plarvang Commissan ENTERGY RELANTICENTER POINT) | Sam Homsplens EC
HARRIS 16 Houston-Gabeston Area Council REUANT(CENTER FOINT)  ENTEREY Sdn Banard EC
HARRISON B Easl Texas Counil of Govammants SWEPCIGAER) Pangts-Harrmon EC Upshur-Rursl EC
HARTLEY 1 Panhaedle Regienal Plancing Commission HCELEPE) Rita Blanca EC
HASHELL T Wt Cantesl Taxas Councd of Govammants WTLRE, Big Coustry EC TreCounly EC
HAYS 12 Captol Ares Planning Council Sam Marcos Pudemaies EC Eluvborest EC
HEMPHILL 1 Panhardla Reginal Plansing Cammissan Canadian Horth Flaing £C raanhet EC
HENDERSON 6 East Texas Council of Govemments ONCOR Trinity Valey EC
HIDALGE 21 Lower Rio Grande Yalley Developmens Gouncl CPLAEF) Magic Valny BG
HILL 11 Huant of Tesse Council of Govemments ONCOR T-HhP HLCOEC Hrssots Valley EC Nvams County £C
HOCKLEY 2 South Plains Associstion of Govemmants. HCELERE) South Plaing EC Lyntegar EC Lamb Courty EC
HOOD 4 Modh Canlrsl Tazas Couned of Gowmemants. ONCOR T-HMP Granbury Undsd Cosp Saracas | TrCounly EC
HOPHING 5 MakeTen Councd of Govermments ONCOR SWEPCOAEF) FEC Electric Wood Courty EC
HOUSTON 14 Desp Esst Texae Coumeil of Govammanta ONCOR Houston Courty EC
HOWARD 9 Pwmian Basn Regions! Fanning Comenission  ONCOR Cap Rock EC
HUDSPETH B Rio Granda Counci of Gowmanents. EFEC Rin Granda EC
HUNT 4 Morth Cenirsl Texas Councd of Govemiments ONCOR T-NhP Graerelle FEL Electiic Cap Rock EC Trinity Valey EC_ Fanvin EC
HUTCHINSON 1 Panhandle Angicnal Plansing Gammittes HNCELISPS) HNorth Flaing EC Fita Blanca EC
IRKIN 10 Conehs Waley Council of Govemments WTUAER) Cap Rock EC Cancho Valky EC Southwest Texss EC
| IACH 2 Horh Central Texas Councd of ONCOR T-NWP S EC Tri-County EC Fort Balknap EC Wise EC

Table 17: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
November, 2002) (Part A).
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Fugion
County MNamba Ragios Hamn Elecaic Uilition
[JackSON 17 Golden Crascant Regional Planning Commingon  CPLAEF) dsckion EC Wictoms EC Dt EC
el 14 Dewp Esit Tenas Courstil of Govimenants ENTERGY Juiper Hirbryvile Juspar-Miewton EC Dawp East Tazis EC S Hauazen EC
LiEFF pavs 8 M of WILGAER) Fio Graeds EC
[JEFFERSON 15 South East Texas Regansl Plannng Commession  ENTERGY
13 South Tewas Development Couscl CPLAEF) Madna EC
o wELLS X Coastel Berd Coencd of Govemmants CPLAEF) Mueces EC Ean Patnci EC
[JOHNSON ) Moath Canteal Tenas Cauncil of Govemenants ONCOR T-NMP Unated Coop Semicas HLCOEC
JJONES 7 West Certrsd Tenas Council of Govermemnts WTLAEF) Tayhor EC Eng Courtry EC
MARNES: 18 Alsmo Ares Council of Gowmments. CPLAER) Flarwpvile Kames EC DeWint EC
KALFMAN 4 Noeth Carteal Tenas Council of Govemenants. CRCOR Tririty Villey EC FEC Elecine.
18 Alama Aova Council of Govemements Botrs Curtesd Tonay € Padersales EC Blasdues EC
KENEDY X
Hl Big Counery £C
HERR " Cantral Texas EC Pedemales EC
IMBLE L] Pademales EC
[y 2 T Ctunly EC
FINNE'Y H EC Pesamales EC
FLEBERTG o
i 7
LA SALLE u
LAMAR 5 Lamar County EC Fanren Courty EC
Lasn 2 y Caurty BC 5 EC
LAMPASAS Mamiton County EC Pedemales EC
Lavaca, 7 Mabatisnby Moutton Shinar Sweet Home Dewie EC  Guadahope Valley EFayette EC
LEE 12 Fayutte EC Blasbennet EC
LECH 13 Nivatota Vaey EC Hwston Cousty EC
LBERTY 1
1 Niaiots Valy EC Navarro Courty EC
LUPSCONS: 1
LIVE Ak @ Hames EC MNurces EC
LLanG 12 Cantral Toxas £C
LCPANG: [
LUBBOCK 2 Eguth Plans EC
LYNN 2 South Plais Astocition of Govemments South Plairs EC
MADISON 13 Brazos Valley Ceuncil of Gowmmints ENTERGY Hieeta Villey EC
MARION ©  Ewst Tnas Council of
MAFTR 9 Perian Bugin Regiensl Plansing Commisgion  ONCOR
MASCH 10 Conchs Valley Councd of Goveenmanty. Magzn Cap Rack EC Prsamales EC
& CPLAEF) FELANTICENTER PONT) Jacksen EC "Wharton County EC
2 pment Councl CPLAER) Fio Grande £C
McCULLOCH 10 Conche Valey Councd of Govesmants. WTLGAEF) Brady ‘Cap Reock EC Central Texas EC
McLENNAN 11 Heart of Texas Councl of Govesmants. ONCOR T-NMP McLeanan County EC HLCOEC Haasota Valey EC
McMULLEN 0 Cosstal Bend Councl of Govemments CPLAEF) Kames EC Medna EC Nueces EC ‘San Patnc EC
MEDINA, 18 Alamo Ares Council of Gowmments. CPLAER) PS8 Castrinily Hosda Madna EC Bandars EC Kames EC
MENARD 10 Comche Vley Councd of Gowenmants. WTLHAEF]) Cap Rock EC Southwest Texan EC Pedemsles EC Cararal Tenas EC
MOLAKD 9 Puerian Basin Regensl Planning Commeuion  ORCOR ap Rock EC
MLAM 23 Contral Tauss Councd of Goveemmars ONCOR NTERGY Batals EC Bantlatt EC
MLLS 23 Contral Tawas Cowncd of Gompmments Goldwathy Gap Rock EC Hamdton County EC omanche EC
MITCHELL 7 West Contral Texas Counci of Govmmants oMCoR Cap Rock £C g Courery £5 Comche Valay £C
MONTAGUE ] Moeth Taxas Regienal Planmng Commession ONCOR TNMP Boww Cooke County EC ‘Wise EC Sl BT
1B H e M il ENTERGY RELIANTICENTER POINT) Md-Ssuth EC Sam Mouston EC San Banaed EC
MOORE 1 Pachuedle Regomal Plasning Commision HCELSPS) Fifta Elanca EC
MORRIS 5 AkTax Council of VAR Bt Cits EC Upsbear-Fursd EC
MOTLEY 2 Soeth Plams Asocation of Govrmment s WTLHAEF]) Lighthorsse EC ‘Seuth Plans EC
MACCGOOCHES i Tonas ONCOR Chimckie Cousty EC Dp East Tz EC Rusk County EC
i [ CHCOR Mo Coenty EC
NEWTON " Jusper-Higwion EC Daop East Tenas EC
MOLAN 7 WTLGAER) ONCOR Taylor EC Gap Fock EC g Courtry EC Concho Valey £C
NUECES o CPLAEF) Fobstown Muaces EC San Patncio EC
(OCHLTREE 1 T-NMP Norh Plains EC
1 KCEL(SPS) Daaf Smith EC Fita Blanca EC
15 Soth Esut Tenas Regisnsl Planting Commistion  ENTERGY dsipte-paten EC
PALD PINTCD 4 Noeth Carteal Tenas Council of Govemenants. CRCOR T-NMP Tr-Comnty EC Urded Coop Senaces.
PANCLA 6 Ewst Tnss Counsil of Govarmments SWEPCO(AER) Fusk County EC [Pancis-Hamaen EC D Esnt Tumas EC
FARKER & Nosh Conarad Texas Counci of Gowmemants OHCOR ‘Waathariced Wi EC TnCounty EC
PARMES: 1 [Pashandie Regional Plasning Commissin HLELESPS) Daat Smin EC Badey Courty EC
PECOS 9 Pesmian Basin Regienal Planreng Commession WILYARF) ONCCR TP Rio Geande £C Southwast Texas EC
POLK 14 Desp East Texas Council of Govemments ENTERGY on Sam Houston EC
POTTER 1 Pashasdle Reponsl Plasning Commission Fita Blanca EC
PRESIDI0 8 P Grande Cowncd of Govenments WTLAEF) Fio Grande EC
RAINS & Euwst Toxas Council of Gommments T-HMP FEC Electric ‘Wisod County EC
RANDIALL 1 Pashandle Rigional Plasning Cemmitiion MCELSPS) Grianbah EC Swithar EC
REAGEAN 10 Conchs Valley Councd of Gowenmants. WILLAER) Cap Rock EC Canchn Valley EC
REAL U Ml Rio Geande Dwmicpment Councd CPLAEF) Bangars EC Cantral Toxas EC Pademales EC
RED AVER S Auk-Tax Council of Govemments ONCOR SWEPCOAER) T8MP Bowa-Cass BC
resvEs 9 Pesmian Banin Regensd Planrng Commession  WILYAER) e
REFUGID X Cosstel Berd Councd of Govemmants CPLAEF) San Patncw EC Victona BC
ROBERTE 1 Pashandie R Flanning Commission Greenbeh EC Marth Plaies EC
ROBERTSON 13 Brazos Valley Council of Govemments ENTERGY Hawrn Banchaly Wheslock Hivwiota Valey EC
4 ONCOR FEC Electric
RUNNELS 7 Wt Cortesd Tenas Council of Gowmenants. WTLKAEP) Colman County EC Cancha Villey EC
RUSK & Essl Tonss Council of Govarmments SWEPCIHAER) OHCOR Rk Cousty EC Charskes Counly EC Dawp Esd Tozws EC Upsbur Ruesl EC
SABINE 4 st Pineland Jaspe-hirwion £C Dwep East Tonas EC
AN ALGUSTRE 14 San Augestiog Duop Bast Taxas EC
SAN JACINTO 4 ENTERGY Sam Houston EC
0 ] CPLAER) San Pairicia EC.
SAN SAEA 23 Central Tenss Councl of Gowermmants San Saba Cartral Texas EC Hamiton Cousty EC Cap Rock EC Pademales EC
SCHLEWCHER 10 Comche Valey Councd of Govmermants. WTLKAEP) Pedemaies EC Southwest Texan EC
SCURRY 7 Wt Cortesd Tenas Council of Govmenants. ONCOR Cap Rock EC g Courery EC
SHACKELFORD 7 Wt Cortesd Tenas Council of Gowmenants. WTLKAEP) Fort Balinap EC Big Courtry EC Commanche EC Taylor EC
SHELBY 4 Deap Esnt Tenss Council of Govememants SWEPCO(AER) Do Enat Taxns EC sk Courky EC
SHERMAN 1 Pashandhe Regosal Plasning HCELSPS) Fiita Blanca EC
ST & East Toxas Council of Govemments CNCOR SWEPCOAER) ‘Wod County EC Cherokes County EC  Upshur-Aurd EC
SOMEFRVELL ) ouncil of Govemmants T-NMP Uneed Coop Servces
=TARR 18 Davelogment Couscl CPLAER) Madna EC Magic Vialley EC
STEPHENS 7 Tenas Council of Governemants ONCOR Comanchs EC Fom Belknap EC Urted Coop Sanaces
STERUNG 0 Comehe Valey Couned of Gowermarts WTLYAER] Cap Raek EC Cenehs Villay EC
T WTLRAEF) Big i Y
SUTTON 10 Conchs Valey Councd of Gowenmants. WTLRAEP] Pudsmales EC Saouthwast Texan EC
SWISHER 1 Pashsedls Regeeal Plasning Commirzion ACELSPS) Tuka Swanhar EC Lightheuss EC
TARRANT 5 Council of Govemmants CHCOR TreCounty £ CaSe E Unded Coop Saneces.
TAYLOR ? ourcil of Governmants. WTLGAEF) Taylor EC
TERRELL [ 3l Plannng Commession T-NMP Fivo Grande EC
TERRY 3 Stath Plsies Asocistion of Cowimmants ¥CEL[SPE) Errbtld Lymegar EC
THROCKMORTON 7 % Council of Governenants. WTLAEF) Fort Balknap EC g EC Tri-Courty EC
Lt 5 VAER) THMP Bowit-Cans EC Wod Cosrty EC
TOM GREEN 10 Comche Valley Councd of Govmermants. WTLKAEP) Concho Valley EC Cap Reck EC Sontreit Tonas EC
TRAMS 12 Cagacl Ams Plannng Ceuntil ORCOR Austn Errgy Padeesales EC Bikeabennat EC
TRINITY 14 Dewp East Toxas Council of Govemmants ENTERGY Mouston County EC Sam Houston EC
TYLER 14 Dep East Texas Counci of Govemments ENTERGY am Houston EC
6 East Toxas Council of A - EC ‘Wead Courty BC
ueTon 9 Pesmian Basin Regiensd Planring Commession  WILYABP) ONCOR Cap Reck BC Southesst Tarss BC
LVALDE 24 Middle Ris Geande Davilepment Councd CPLAEF) Bandara EC Mading EC Ris Geande EC
VAL VERDE 24 Meddh Rie Grande Develpment Councl CPUAEF) Fio Grande EC Southwest Tesan EC
VAN ZANDT & Eust Tonas Council of Gommmants ONCOR SWEPCOAEP) ‘Waad County EC Trisaty Vallay EC FEC Elecine.
hacToR 17 Golén Crescent Regional Planning Commission  CPLIAEF) Victeria EC e EC
|WALKER 16 HowonGabason Ara Council ENTERGY Md-Sauth EC ‘Sam Heuston EC Henstlon Cousty EC
waLLEs 16 HowstorGabeston Area Council RELANTICENTER FOINT) Mamgsinsd Mg Seuth EC San Barard £C
WiaRD a Peemian Basin ¥ Commssion ONCOR THNMP
[WiaSHRGTON 13 Brazos Vallay Counci of Govemments ENTERGY Biusbonnet EC Fayette EC
wian 13 South Tewas Development Couscl CPLAEF) FRio Grande £C Wadna EC
[WHARTON 1 CPRLAER) ‘Wharon Cousty EC
| WHEELER 1 Pachiedie Regomal Plasning Commisien KLEL[SPE) WTUAER) Gruemben EC Hosh Plans EC
[wACHTA 3 Neeth Toxas Regienal Plinnng Commepgon ONCOR Elwcirs Southwast Reral EC
wBaRcER 3 Mosh Texss Regienal Planning Comemegin WTLGAER) amen Ssuthwast Rersl EC Tri-Courty EC
waLacy 2 Lowar Ry Grande Valey Dwalsprint Conned  CPLAER] Miage: Valley EC
[WILLIAMSON 13 Capaol Area Planning Council CHCOR Austn Errgy Gesrgwiown Bleabznnat EC Bartles EC Pademaias EC
fwison 1 Aamo Amea Counci of Govemments Floreswile Guadalupe Valley EC Hames EC
wraaen 9 Pesmian Banin Regiensd Planreng Commesion CONCOR THME
fwase 4 Mosh Central Texas Counci of Govmmants CMCoR Eridgapert Wise £C Coske Courty CoServ B TrCounty £C
[WooD ] East Texas Council of Govemments SWEFCAEF) ONCOR Upshr-Rural EC Wood County EC FEC Electnc.
Y OAKUM I Sosth Pliies Associstion of Goversments KCEL[SPE) Lyrtega EC e Courty Ex
TOUNG 3 Hosh Taxas Regiensl Planning Comemesinn CCOR THMP Fon Belkeap EC Uritad Coop Sarscat
ZAPATA 19 South Teras Dumlopment Cousci CPLAER) Madna EC
ZavaLe M Maddle R Conned CPLAEF) Madna EC o Grandy EC

Table 18: PUCT Power Suppliers by County (Obtained from PUCT website, http://www.puc.state.tx.us.
November, 2002) (Part B).

December 2003. Energy Systems Laboratory, Texas A&M University
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Total Savings

Total
1999 IECC IECC . .
Power Control 2 Climate [:Eivi;inn Nn..nfm d :Innr L}E\terage E2m]1 Il?:::( D Pe;\::VH 3::""98 [SI':\‘;\:EJQS N(:'! MWh 4 |Peak
County Area’ TMY2 zone? |E3SLOT |projected|Aroa nergy | Eneray \p iown [POVEWH L e [19990Ece (NO¥ TonsYear™ [T 2P0 [ Tonsinay!
West) units (f2) Use Use H 5 | /House) W™ |w/ 20% T&D 3 A
WhY | (whiE ouse) 10 (kvh) g
oss
Bastrop ERCOT Austin 4|\WWest 146 2426 16545 13310 77.98 59.56 3235 266,77 269 07623 0.0021 0.0036
San Antonio
Bexar Public Service Bd  [San Antonio 4|WWest 7168 2426 16,661 13332 71.48 55.66 3348| 28506.78 3.24 46.6669 01278 0.1837
Caldwell ERCOT Austin 4\West 101 2426 16545 13310 77.98 59.56 3235 392.08 283 0.5274 0.0014 0.0025
Comal ERCOT San Antonio 4|WWest 1,111 2426 16,661 13,332 71.48 55.66 3,348 4,464.89 269 5.0053 0.0165 0.0236
Ellis THU Fort Warth a|WWest 548 2426 15465 12,448 82.47 61.45 307 2.349.64 3.34 35239 0.0108 0.0225
Gregy SWEPCO Lufkin G|East 194 2548 13,139 11,258 B5.34 52.74 1,881 437.90 268 0.5870 0.0016 0.0033
Guadalug ERCOT San Antonio 4|WWest 478 2426 16,661 13332 71.48 55.66 3348 1,920.99 269 25837 0.007 1 0.0102
Harrison SWEPCO Lufkin B|East 33 2548 13,139 11,258 B5.34 52.74 1.881 74.49 268 0.0929 0.0003 0.0008
Hays ERCOT Austin S|WWest 737 2426 16 662 13,160 76.83 55.28 3502 309717 269 4.1657 0.0114 0.0184
Affected 199 THU Fort Warth a|WWest 628 2426 15465 12,448 82.47 61.45 307 2277.23 3.34 3.8030 0.0104 0.0221
County Kaufi THU Fort Warth ] G|WWest 218 2426 15725 12419 78.10 55.40 3,306 864.85 3.34 1.4443 0.0040 0.0072
Nueces CRI Corpus Chrsti 3|East 841 2548 14354 12651 £3.46 56.11 1,703 1.718.67 268 23039 0.0063 0.0083
Parker THU Fort Warth B|WWest 302 2426 15725 12419 78.10 58.40 3,306 1,198.09 334 2.0008 0.0055 0.0093
Rockwall THU Fort YWarth B|WWest 1111 2426 15725 12419 78.10 55.40 3306 4407 .56 3.34 73606 0.0202 0.0366
Rusk SWEPCO Lufkin 5|East 17 2548 13,139 11,253 B5.34 52.97 1,886 38.47 268 0.0516 0.0001 0.0003
San Patricio |CRI Corpus Chrsti 3|East 218 2548 14,354 12651 53.46 56.11 1,703 445.50 263 0.5972 0.0016 0.0021
Smith THU Lufkin 5|East 465 2548 13,139 11,253 £5.34 52.97 1,886 1,052,329 3.34 1.7575 0.0045 0.0026
Travis Austin Energy Austin 5|WWest 5522 2426 16 F62 13,160 76.83 58.28 3502 2488661 1.44 17.9184 0.0451 0.0791
Upshur SWEPCO Lufkin G|East 17 2548 13,139 11,258 £5.34 52.74 1,881 38.37 263 0.0514 0.0001 0.0003
Victoria CRI ictoria 3|East 156 2548 13523 12251 B7.25 60.21 1672 313.00 268 0.4196 0.0011 0.0015
Willi THU Austin S|WWest 411 2426 16 662 13,160 76.83 55.28 3502 17276.07 263 23.1586 0.0634 0.1022
Wilson ERCOT San Antonio 4|\WWest 16 2426 16,661 13332 71.48 55.66 3348 54.30 269 0.0865 0.0002 0.0003
Reliant Energy
Brazoria HL & P Houston 3|East 2008 2548 13740 11,859 66.52 55.568 1,881 4532.46 1.88 4.2605 0.0117 0.0207
Chamk EGS Port Arthur 4|East 318 2548 12913 11,297 £9.02 49.96 1616 B16.67 268 0.8266 0.0023 0.00339
Collin THU Fort Warth S|WWest 9F39 2426 15725 12419 78.10 55.40 3.306| 35.239.84 3.34 £3.8605 01750 03172
Dallas THU Fort Warth a|WWest 8595 2426 15465 12,448 82.47 61.45 3017]  31.117.34 3.34 51.9660 0.1424 03017
Denton THU Fort Warth B|WWest 5338 2426 15725 12419 78.10 58.40 3306 2117691 334 35.3654 0.0963 01757
EL PASO
El Paso Electric Company  [El Paso B|\WWest 3098 2426 16,085 12684 76.74 56.52 3401 12B43.56 268 16.9487 0.0464 0.0839
Reliant Energy
. FortBend |HL &P Houston 4|East 1.049 2548 13,093 11,467 B1.75 51.80 1626 2046.81 1.88 1.9240 0.0053 0.0025
ment Reliant Energy
County Galveston  |HL & P Houston 3|East 2338 2548 13740 11,859 66.52 55.568 1,881 5.277.33 1.88 4 9607 0.0136 0.0241
Hardin EGS Port Arthur 4|East 19 2548 12913 11,297 £9.02 49.96 1616 36.84 268 0.0424 0.0001 0.0002
Reliant Energy
Harris HL & P Houston 4|East 19,183 2548 13,093 11,467 B1.75 51.80 1626) 3742987 1.88 35.1841 0.0964 0.1795
Jefferson EGS Port Arthur 4|East 610 2548 12913 11,297 59.02 49.95 1616 1,182.91 268 1.5857 0.0043 0.0074
Libe EGS Port Arthur 4|East 213 2548 12913 11,297 £9.02 49.96 1616 413.05 263 0.5537 0.0015 0.0025
Montg y |EGS Houston 4|East 4032 2548 13093 11,467 B1.75 51.80 1626 7 BE7.24 268 10.5460 0.0239 0.05358
Orange EGE Port Arthur 4|East 172 2548 12913 11,297 £9.02 49.96 1616 333.54 263 0.4471 0.0012 0.0021
Tarrant THU Fort Warth a|WWest 10,358 2426 15465 12,448 82.47 61.45 3017 37.500.10 3.34 62.6252 01716 0.3636
Reliant Energy
Waller HL & P Houston 4|East 22 2548 13,093 11,467 61.75 51.80 2047 54.04 1.88 0.0505 0.0001 0.0002
TOTAL 2517] 297 160.32 417.4293 1.1436 2.0947

Table 19: ESL 2002 Summary NOx Reductions Table: County-wide NOx Reductions Due to the IECC / IRC (Single Family Residences) Reported September

2002.

December 2003.

Energy Systems Laboratory, Texas A&M University
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Energy Use for New and All Houses .
Energy Use per House oy For2002 Energy Savings
. 2002 Total NOx
Etimated Mubor ot 1999 | IECC | ane [rotpeak| Tota Total Encgy PEE::::E;V Total Savings WIS TIE fmrEnmI;ﬁISni:sgle
ol | p Average | 01 |00 | jece | ol Total B peak Day| AMual | PeakDay| Savings | k
Primary Electric Division | Number of | 219" | Eloar | Annual | Annual ota ota ay - PeakDay| ooiigs | Ener vy | SVings |y h- Family Houses |
Power Cantrol v " Permits for Peak Day| Peak |EnergyUse| Energy | Energy | Ener kil for New
County | Utility TMYZ? 2 |(East or Single . Area | Energy | Energy Y el LA oy ) W 9y per house | Savings | 1999-IECC NO%/MWh |NOx/MWh
Area 4 " Single 7 (kWh/ | Day(kWh/| for New |Use for All| Usefor | Use for Houses |,
(From PUCT) West) Family Family f2) Use Use H am “l oy H M Al (kWh/ (kWh/  |w/20% T&D 120% (PUCT)
Houses . trowh | owny | Housed™ Houss) T flousss ) Bauses |- Mew Housel | House) | Loss | Tons¥ear' TonsDay®® | =y (TonsiYear [TonsDay |FS2  ITonsve [P
o | Houses Housel? | Housef (MWh) | (MWh) | Housss | Houses o [TaDLoss V" (TongDay” Tons/Day Tons/Day
@ 2002 MWhy | (MW (k)
|Bastrop ERCOT ONCOR Austin 4[West 16,983 MEl 2426 1B8545) 13310 7.9 59.58 1943 226037 9 102 323 1842 566,77 323 269 3.34 07623 0.0021 0.0038 0.9485 0.0026 0.0054 748 16|
San Antanio
Bexar Public Service Bd  |CPSB San Antonio 4[West 405,355 7,168) 2426] 13332 71.48 56.66 95564| 5404196 393 22563 3348 1562| 28,806.76) 13609 324 324 4pBEG3 01279 01837 46,6663 01279 02205 875460 36.55]
Caldwell ERCOT CPLAER) | Austin 4[West 8128 101] 2426 13310 7798 59.56 1344 121,480 6 544 323% 1842 392.08 223 269 269 05274 00014 0.0025 05274 0.0014 00030 163.40 0.73]
Comal ERCOT CPsSB San Antonio 4[West 26,761 11| 2426 13332 71.48 55.66 14512) 356,771 B2 1430 3349 1582 4,464 89 1.09 269 3.24 6.0053 00165 0.0236 7.2331 0.0198 00342 5797 24
Ellis Ty ONCOR Fort Warth 5[West 30,601 649 2 426] 12,448 82.47 B1.45 8079 380924 40 1,880 37 21.02 2,349.64 18.37 3.34 3.24 39239 00108 0.0228 3.8084 0.0104 0.0285 617.10 3.05)
|Gregg SWEPCO SWEPCO(AEP) Lufkin B|East 35,150 194] 2548 11288 B5.34 52.74 2,184] 395716 10 1854 1881 1261 437.90 293 268 289 05870 0.00me 0.0033 0.5830 0.0016 0.0033 53224 2.49)
Guadalupe |ERCOT CPsB San Antonio 4[West 26,145 478| 2426 ! 13332 71.48 55.66 6373 348562 &x 1455 3349 16.82) 192099 9.08 269 3.24 25837 0.0071 0.0102 31120| 00088 00147 56467 2 EEI
Harrison SWEPCO SWEPCO(AEP) Lufkin b|East 18,769 33| 2548 3138 11258 6534 5274 32| 2562 2 1043 1881 1261 7443 0.0 268 269 0.0933 0.0003 0.0006 0.1002 0.0003 0.0007 29935 1.40
ERCOT ERCOT/San Marcos | Austin 5[Weast 28,206 737| 2A426] 13,160 76.63 568.28 9,699 71,194 43 1644 3502 18.65 309717 16.41 269 268 41657 00114 0.0184 41602 00114 00220 497 40 2.0)
Affected TR ONCOR Fort Warth 5[West 35,960 629 2 A26| 12,448 8247 B1.45 70| 44777 3 2210 3m7 21.02 220723 1687 334 3.34 38030 00104 0.0221 36030 0.0104 00265 74T 54 3.69)
County Ty ONCOR Fort Warth B[West 20,03 218 2426] 12419 7810 58.40 2707| 248824 13 1,170 3,308 1971 88485 5.18 3.34 3.34 14443 0.0040 0.0072 1.4443 0.0040 0.0088 41554 195
CRI CPL(AEP) Carpus Chrsti 3|East 93963 841) 2548 12851 63.48 56.11 10639 17188723 7 52712 1703 73 1.718.67 742 268 289 2303 00083 0.0083 23116 0.0083 00100 159883 7.09)
U ONCOR Fort Worth B[West 26,167 302) 2426 12419 7810 56.40 3751 324,568 18 1528 3306 1971 1,198.09 714 334 334 20008 0.0055 0.0093 2.0008 0.0055 00118 54270 2.55)
TR ONCOR Fort Warth B[VWest 37% 1] 24 2418 7810 56.40 13,78 170,578 5] 802 kel 1971 4,407 56 26237 334 334 7 3606 00202 0.0366 7.3606 0.0202 0.04 B4 87 134
SWEPCO SWEPCOAEP) Lufkin 5|East 4,93 7| 25 1253 5.34 5297 19 168,055 1 ] B 1237 847 025 268 269 00516 0.0001 0.0003 0.0517 0.0001 0.00 226.03 1.0
San Patricio |CRI CPL{AEP) Corpus Chrsti 3|East 9,08: 218] 25 : 2651 346 56.11 2,751 241,432 12 1071 | 73 44550 192 268 269 05972 0006 0.0021 05992 0.0016 0.002 2473 1.44
Smith Ty ONCOR Lufkin 5|East 4,708 4B5| 25 C'Higl 1253 5.34 5297 523 615,804 % 28% 8 1237 1,052.39 6.90 3.34 3.34 17578 0.0048 0.0098 1.7875 0.0048 0.011: 1,028.08 4.84
Travis |Austin Energ ONCOR |Austin 5[West 263,755 5922) 242 WE‘EQI 13,160 76.83 58.28 77034 34T1M3 345 15371 3502 18.55 24.886.61 1.85 1.44 3.34 179184 0.0491 0.0791 41.5606 0.1139 02202 579659 26.67]
Upshur SWEPCO SWEPCO(AEP) Lufkin b|East 11,232 17| 2548) 13138] 11288 6534 5274 191 126,444 1 582 1881 1261 36.37 026 268 269 00514 0.0001 0.0003 0.0516 0.0001 0.0003 170,07 0.60]
Victoria CRI CPLAER) Wictoria 3|East 26021 166 2546] 13823] 12251 67.25 60.21 1511 306,529 9 1507 1672 704 313.00 132 268 269 04156 0.0011 0.0015 0.4210 0.0012 00018 41228 203
TR ONCOR |Austin 5[West 75966 4111 2426] 16662 13160 7663 58.28 a4101 993,709 20 4427 3502 1865 1727607 153 268 3.34 31586 00634 01022 286510 0.0790 01528 | 156951 7.39)
ERCOT ERCOT/Floresville |San Antonio 4[West 9,115 16| 2426| 16881) 13332 71.48 55.68 23 121518 1 507 3349 1582 64.30 0.30 269 268 0.0885 0.0002 0.0003 0.0882 0.0002 0.0004 162.83 0.68]
Reliant Energy
Brazoria HL & RELIANT Houstan 3|East 71987 2008) 2548] 13740 115853 b652| 555608 23813| BA3654 12 4,000 1881 10.95 453246 263 1.88 1.88 42605 0017 0.0207 4.3605 0017 00248 B02.47 3.76)
Chambers  |EGS RELIANT Port Arthur 4|East 8,388 318| 2546) 12813 11297 58.02 43.96 3592 94,759 16 419 1616 9.06 B16.67 346 268 1.88 0.8266 00023 0.0033 0.5797 0.0016 00033 83.07 i E@I
Collin TR ONCOR Fort Warth 5[Weast 165 447 953 2426 16726] 12419 7810 56.40 118707| 2054686 663 9,561 3,306 1971| 38.239.64) 22796 334 3.34| 638605 01750 0.3172 63,6605 0.1750 03607 | 343133 16.13]
Dallas TR ONCOR Fort Warth 5[West 657,779 8595 2426) 15465 12448 8247 B1.45 106,991| 6,188,036 528 40421 3m7 2102) 31,17.34] 21680 334 3.34| 519660 01424 0.3017 51.9660 01424 03621 1367402 b7 E_II
Denton Ty ONCOR Fort Warth B[West 136,728 5338) 2426) 15725 12419 7810 58.40 66293 1598022 312 7984 3,308 1971 2117691] 12624 3.34 3.34| 353654 0.0983 0.1757 35.3854 0.0969 02108 283570 13.33]
ELPASOD
El Paso Electric Company  |EPEC El Paso B[West 174531 3098) 2426) 16,085 12564 76.74 56.52 39295 2213754 175 9,865 3401 W2 1254356 7515 268 263 16.9457 0.0464 0.0833 16.6263 0.0456 00985 2511.09 12.97]
Reliant Energy
Nonattain- Fort Bend :L‘& T - RELIANT Houstan 4|East 89,091 1049( 2548) 13093] 1147 B1.75 51.80 12,029) 1021609 54 4515 1626 996 204681 1253 1.88 1.88 19240 00053 0.0098 1.9240 0.0053 00118 960.31 4.34)
eliant Energy
?:l::ﬁ' Galveston  |HL &P RELIANT Haouston 3|East 88476 2,338) 2548) 13740 11859 BE.S2| 55568 27 726 1049234 130 4918 1881 1095 520733 3073 1.88 1.88 49607 00136 0.0241 4.9807 0.0138 00289 986.28 4.62)
H EGE ENTERGY Part Arthur 4|East 14915 19] 2548] 12913] 11297 59.02 43.96 215 168495 1 45 1616 9.08 36.84 021 268 207 00434 0.0001 0.0002 0.0381 0.0001 0.0002 174.39 0.77]
Reliant Energy
HL&P RELIANT Houstan 4|East 101,964 19,183) 2546 13093] 11467 61.75 51.80 219571| 11,504,185 984 52417 1626 996 3740967 22918 1.88 1.88 5.1841 0.0964 01795 351841 0.0964 02154 | 10,807.93 49.27]
EGS ENTERGY Port Arthur 4|East 77,780 B10| 2548) 12813 11297 59.02 43.96 6891 878681 30 3,866 1616 9.06 118291 663 268 207 15857 00043 0.0074 1.2243 0.0034 0.0063 909.43 402
EGS ENTERGY Part Arthur 4|East 20,195 213] 2548) 12913 11297 59.02 43.96 2406 228,148 n 1,009 1616 9.08 41308 232 268 207 05537 0.0ms 0.0026 0.4275 0.0012 0.0024 23613 1.04
EGE ENTERGY Haouston 4|East 92,642 4032) 2548 13093 11467 B1.75 51.80 46235 1062320 209 4799 1626 9.9 7.867.24 4817 268 207 105460 00289 0.0538 8.1426 0.0223 00499 | 1.099.50 4.97)
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Table 20: Modified Summary Table Using the November 2002 PUCT PCA assignments.
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7 TECHNOLOGIES FOR REDUCING ENERGY USED IN BUILDINGS (UPDATE TO 2002
REPORT)

Adoption of the IECC /IRC has allowed the state of Texas to define minimum energy performance for
new buildings and for existing buildings that are remodeled. In this section of the report the technologies
reported in 2002 have been updated to provide a list that can have a substantial impact on delivering above-
code building performance for residential, commercial and industrial buildings in Texas Buildings.

In general for residential buildings, the IECC /IRC provides prescriptive measures for each climate zone
in Chapters 5 and 6 to assure that new construction meets a minimum, predictable energy use. A residential
performance path is provided in Chapter 4. Commercial buildings are addressed by minimum prescriptive
measures in Chapter 8 of the IECC / IRC, or by minimum performance measures using ASHRAE Standard
90.1 1999™, which is referenced by Chapter 7. More stringent design efficiency measures for commercial
buildings can be found in programs such as the U.S. Green Building Council’s LEED ratings’.

7.1  Building Envelope

Energy efficient technologies for building envelopes include well-known technologies for insulation and
newer technologies such as low-E windows, reflective roof coatings, structurally integrated panels (SIPs)
and radiative barriers, as indicated in the next section.

7.1.1  New Construction

New construction has a many new envelope technologies for contractors and homeowners to choose from,
depending upon budget, housing type and climate zone. Examples include improved low-E windows, and
ventilated windows (commercial buildings), high albedo, or highly reflective roofs”, improved shading
devices for windows, which can be combined with daylighting features such as lightshelves, improved
building sealing techniques such as building wraps, and sealants, reflective barriers in attics and cavities.
Some residential builders are now experimenting with reducing thermal loads by reducing the exterior
envelope area by using a compact two story designs that also allows for ductwork to be incorporated into
the floor trusses, which reduces heat gain when compared to their traditional placement in the hot attic.

7.1.2  Existing Construction

Existing homes can also be improved by replacing old, single pane windows with low-E windows,
installing reflective roofing, improving building infiltration using blower door testing and duct blasters,
retrofitting reflective barriers inside attics to help reduce summertime temperatures, or applying highly
reflective roofing when a roof needs replacement.

7.2 Lighting/Daylighting

™ Chapter 7 of the 2000 IECC/IRC, references ASHRAE Standard 90.1, 1989, which is amended to ASHRAE Standard 90.1 1999,
(w/o amendments) in the 2001 Supplement (published in March 2001), which is directed by Senate Bill 5’s effective date of May
1%, 2001.

2 The Leadership in Energy and Environmental Design (LEED) Green Building Rating System is the voluntary, consensus-based,
market-driven building rating system of the U.S. Green Building Council that is used to evaluate environmental performance from
a whole-building perspective over a building’s life cycle and to provide a definitive standard for a "green building". Different
levels of green building certification are awarded based on the total credits earned. The U.S. Green Building Council (USGBC
2002), founded in 1993, is a non-profit organization that provides knowledge and action on environmental issues for commercial
and industrial buildings. The headquarters are located in San Francisco, California. The council has grown to more than 500
leading international organizations. Its goal is to help the building industry develop products that are more environmentally and
economically viable and to drive the marketplace forward towards the development of high performance buildings (U.S. Green
Building Council 2002).

" In the hot and humid south highly reflective roofs usually will require periodic washing to remove dirt, mold and mildew that can
reduce the roofs thermal reflectance.
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New technologies for reducing the energy use of lighting systems have improved dramatically in recent
years. Almost daily, new energy efficient light sources appear on the store shelves for residential and
commercial applications, most notably compact fluorescents, T8 and now T5 fluorescent lamps in almost
all shapes and sizes. LED lighting and fiber optic lighting are also beginning to appear from commercial
lighting vendors.

7.2.1  New Construction

Many more architects are becoming comfortable using daylighting systems that reduce lighting energy use
by redirecting natural light deep into building interiors without increasing summertime heat gain. Such
systems are most effective when combined with automatic dimming systems so building occupants do not
have to constantly adjust the lighting levels. New systems have begun to appear that channel solar
radiation, captured with sun-catchers, into building interiors using fiber optics. This same technology can
provide lighting at night using a central HID source that is then channeled to luminaries through switchable
fiber optics. Heat from the central HID source can then be effectively captured and reused or rejected.
Lighting systems with combined motion sensors, and automatic dimming features are also becoming
popular. Retrofit daylighting systems are also available that include light tubes, and light ducts that collect
daylight through a penetration in the roof and channel this down into the house through a reflective
channel.

7.2.2  Existing Construction

Retrofitting existing T12 fluorescent lamps’ with either T8 or T5 lamps is a cost effective method for
reducing lighting energy use in office buildings, grocery stores, retail stores, and other facilities that
currently use T12 fluorescent lighting. Such retrofits reduce the lighting energy use primarily by replacing
the older magnetic ballasts™ with new electronic ballasts that consume a fraction of the electricity use.
Increased lamp efficacy is also possible with smaller lamps (i.e., T8 and T5). Such lighting retrofits can
also include automatic switching provided by motion sensors, lighting sensors in perimeter lighting
applications or a combination of motion and lighting sensors. Reducing the installed lighting load also
decreases the required cooling load, with a slight heating penalty for winter months.

7.2.3  Increased use of Compact Fluorescent Lamps.

It is recommended that a program be developed to accelerate the purchase and use of compact fluorescent
lamps by consumers in non-attainment and affected counties. It is estimated that there will be 8.8 million
residences in the non-attainment and affected counties in 2003, which are expected to increase in number
by about 2.5% per year. A significant amount of energy used in residences is consumed by incandescent
lights, which can easily be replaced by Compact Fluorescent Lamps (CFLs), which consume about 1/6 to
1/5 the electricity and yet produce the same amount of light.

In an average 2,000 ft2 household it is estimated that there are 50 incandescent lamps, of which 33 are
suitable for replacement. If 5% of these household could be converted to CFLs each year, it is estimated
that 1.3 tons-NOx/day could be saved in 2003. If an additional 5% of the remaining households could be
converted each year, 25% of the household could be converted by 2007, resulting in 1.2 ton-NOx/day could
be saved in non-attainment and affected counties. One method that has been suggested to motivate
conversion to CFLs is to level the initial cost of CFLs by charging an $0.25 Emissions Reduction Fee on
each incandescent lamp (252 million lamps expected in 2007), and paying a $1.00 Emissions Incentive for
each CFL lamp purchased in the state (26 million lamps expected in 2003).

Exclusions would include incandescent lamps which are less than 10 Watts, decorative holiday lamps sold
during the Christmas or Holiday Season during October, November and December. Such a fee would be

™ The T12 designation refers to the diameter of the fluorescent lamp, where T12 lamps would be 12/8” in diameter, T8 would be 8/8”
in diameter, or 1*”, and T5 lamps would be 5/8” in diameter.

" Lighting ballasts are necessary for fluorescent lighting to control the flow of electricity once the arc is struck between the electrodes
in the lamp, which would otherwise draw an uncontrolled amount of current.
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collected at the wholesale level. Sales figures for incandescents and CFLs sold could then be used to track
the effectiveness of the program.

The expected benefit for each household that converts to CFLs is estimated to be a 1,375 kWh/year-
household reduction, which is $103/year-household (33 lamps replaced) at $0.075 per kWh. Additional
benefits included increased lamp life, which will reduce the number of times each year residents are
required to change the lamps. Disposal of CFLs could be handled through existing fluorescent lamp
collection programs. Replacing incandescent lights with CFLs provides homeowners with a reduction in
their electricity bill, and it reduces the frequency of replacing burned-out lamps since the expected life of
an incandescent lamp is about 750 hours versus 10,000 hours for a CFL. The cost for replacing
incandescent lamps with CFLs would be borne by residents, with an incentive provided by the state.

2007 - Tons NOx Tons NOx/Peak- | Net Tax Revenue $/ton-10-yr
2010 Saved/yr * Day Million $
MWh Elec. 3.3-57 434- 518 12-14 $37.1-$20.3 Negative
Saved million

* 38 counties

7.3 Appliances

Energy efficient technologies for appliances vary according to application (i.e., residential or commercial)
as indicated in the next section.

7.3.1 Residential

Significant improvements have been made in developing and delivering energy efficient refrigerators for
household use, which represent a sizable portion of household electricity use. Since the mid 1980s
refrigerators have made significant advances in reducing thermal losses, and improved refrigeration cycles,
without significant prices increases to customers.

Other appliances in the kitchen have made efficiency improvements as well. For example, microwave
ovens are in use in many kitchens that are capable of heating food with a fraction of the energy used by
traditional electric or gas ovens. Convections ovens also offer some efficiency improvements over
conventional ovens, as does induction (i.e., magnetic) stoves.

In the laundry room, significant energy and water savings are available with horizontal axis washing
machines. Such clothes washing machines use less water, less detergent and less energy than vertical axis
machines and reduce the time needed for drying because of their ability to incorporate a high-speed
extraction cycle that removes additional amounts of water, which would have been removed in the dryer.
Although such machines carry a premium price tag, reduced prices are expected as additional
manufacturers offer competing models. Microwave clothes dryer R&D has also been reported by several
manufacturers.

Use of the internet in a home can either increase or decrease energy use, depending several variables.
Increases in energy use come from the energy used by the PC continuously connected to the internet, the
modem used to connect to the internet (i.e., dial-up, cable or other modem), increased use of A/C or heating
where none may have been used before, lighting energy use in the room, etc. Decreases in energy use come
from reduced travel by the individual who is now surfing the web, versus cruising the streets in a car, and
improvements in efficiency of communication using email, etc.

7.3.2  Commercial Buildings

In commercial buildings, steadily increasing internal loads, due in part to the computerization of the office
environment, have begun to level-off as LCD computer screens have become competitive with the
traditional CRT displays. Increasing use of laptop computers has further reduced computer energy use.
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Energy efficiency has also spread to office copiers, printers, and other equipment. Teleconferencing
continues to increase in use, which results in travel cost savings. Cell phones and Personal Digital
Assistants (PDAs) continue to make office workers more effective workers, which can have an indirect
energy savings as companies downsize, and load more clerical and administrative tasks onto their workers.

Use of the internet at work can either increase or decrease energy use, also depending several variables.
Increases in energy use come from the energy used by the PC to connected to the internet, the modem used
to connect to the internet (i.e., dial-up, cable or other modem), increased use of A/C or heating where none
may have been used before, lighting energy use in the room, etc. Some studies have shown that employee
productivity can decrease significantly if “personal” internet use at work is not closely monitored, which
can indirectly affect energy use. Decreases in energy use come from reduced travel by the individual who is
now surfs the web to find information, versus numerous phone calls or trips to find the same information.
Use of the email for distribution of sales material, brochures, etc. has also significantly decreased printing
costs for many businesses, which can indirectly affect energy use. However, receipt of unsolicited
electronic messages (i.e., spam), can decrease the efficiency of workers, which can indirectly increase
energy use.

7.4  Heating/Cooling Systems

Energy efficient technologies for heating and cooling systems vary according to construction type (i.e.,
residential, commercial, etc.). Technologies vary as well for new construction and existing construction, as
indicated in the next section.

7.4.1  Residential: New or Existing Construction

Efficiency improvements in residential heating and cooling systems have also made significant
contributions towards reducing household energy use. High efficiency air conditioners are now available
from many manufacturers (i.e., SEER 11, 12, and 13), and when properly sized to meet the peak load, can
significantly reduce summertime electricity bills. The technologies for accomplishing this vary from one
manufacturer to the next, and include such innovations such as dual speed compressors and fans, variable
speed systems, improved coil design (i.e., evaporator and condenser coils), and the ever increasing use of
microprocessors similar to what has happened in the automotive industry.

Improvements to residential heating and cooling systems have also been accomplished through the
introduction (or reintroduction) of new systems. Such systems include mini-splits or ductless air
conditioners’, ground-coupled heat pumps, direct/indirect evaporative cooling (in the hot and dry parts of
Texas). New combinations of systems can also deliver improved total performance. For example, air-
conditioning systems that use the domestic water heater for space heating instead of a furnace, and systems
that supplement domestic water heating with waste heat recovery from the air conditioner’s condenser.

Residential furnace efficiencies have also continued to improve as well. One improvement of note for NOx
reductions is the replacement of the pilot light with a hot surface ignition system. This eliminates the apx.
500 to 800 Btu/h energy use of the pilot light”’, which contributes to the summertime ozone production if
the pilot light is burning during the summertime.

Residential heating/cooling system efficiencies can also improve with the use of programmable
thermostats’®. Residential economizers are also being investigated for those climate zones where cool, dry
evening conditions allow for their use™.

6 A mini-split air conditioning system is similar to a window air conditioner, only the unit consists of two parts, an indoor evaporator
coil/blower, and an outdoor condensing unit and compressor, connected by refrigeration and control lines. Minisplits are more
common in commercial buildings, and have seen wide-spread use in other countries.

7500 to 800 Btu/h is equal to about at 150 to 250 Watt light, and produces considerable NOx since the flame is an open flame.

" This is required by the 2000 IECC/IRC for new construction.

™ One research effort is underway by the California Energy Commission where residential economizers are being investigated for use
in low cost housing.
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Efficiency improvements have also been reported in the design of residential ductwork. Most notably,
increased insulation levels, and improved sealing techniques for ductwork exposed to the severe conditions
in the attic, and in several showcase homes, relocation of the ductwork and air-conditioning system inside
of the conditioned envelope, usually through the use of a chase located in the ceiling of the hallway, or by
using ducts that are threaded between floor trusses. Some researchers have also noted that the use of low-E
windows has also reduced the number of diffusers that are needed in a house, since the heat gain/heat loss
through the windows has been reduced.

7.4.2  Commercial Buildings

7.4.2.1 New Construction

In commercial buildings the list of technology improvement is longer. Many of these improvements rely on
new or improved equipment, including: variable-volume dual or single duct systems, which use low static
pressure duct distribution system, over-sized, low-head cooling towers, variable-speed chilled/hot water
pumping, and high efficiency chillers, pumps, and electric motors. New blowers often utilize advanced air-
foil technologies for improved efficiency. Some new systems are also being designed to minimize
ductwork®, which reduces installation costs, and improves efficiency.

Other new technologies include dual-path, pre-conditioning systems, which in the south utilize special
cooling coils to efficiently remove humidity from the incoming air®, water-loop, ground-coupled heat
pumps®, cool ceilings®, cool beam systems®, personal heating/cooling systems®, thermal storage systems,
and thermostats that also utilize occupancy sensors.

Significant improvements in efficiency are also being reported from the application of optimum control
strategies for cooling/heating systems, most commonly where temperatures and flow rates are reduced to
meet only what is required on a minute-by-minute basis. Many architects and engineers are also requiring
performance testing of new construction before a building is signed-off to assure that the building meets the
design and performance specifications.

7.4.2.2  Existing Construction

Several important studies have shown that building heating/cooling system performance degrades over
time. Such degradations decrease the system’s ability to deliver comfort conditions, and more importantly
to the State’s emissions problems, increases the building’s energy use. To help improve this problem, the
Energy Systems Laboratory developed the Continuous Commissioning® or CC *M process. Continuous
Commissioning® is a process where the Laboratory staff investigates and documents areas where the
performance of the mechanical systems can be improved, and working closely with the building operators,
makes the changes necessary to improve performance, and documents the savings with hourly measured
data. Continuous Commissioning® has produced average savings in the range of 20%, and sometimes
saves as much as 40% of a building’s heating/cooling energy use. Many retrofit opportunities exist for
commercial buildings as well, and include almost all the same measured listed for new construction.

® Reducing the ductwork usually means closer coordination of the system layout during the design process. Several new buildings are
being designed with ductless, under-floor distribution systems.

8 These coils are specially made to take 100F outside air and reduce the temperature to 55F, which requires a deeper coil than is
normally used in a system.

8 These are being increasingly used in new K-12 schools.

8 Cool ceilings have seen greater use in Europe where outside humidity conditions are less. Such systems are similar to radiant ceiling
panels, with the difference that chilled water is circulated in the panels to keep the ceiling cool, which cools the adjacent room by
radiation and convection. Such systems have improved performance because air-handling units can be downsized to ventilation
air requirements (i.e., 10 to 20% of their traditional size).

& Cool beam systems are cooling systems where cooling coils are incorporated into the overhead lighting fixtures.

% personal heating/cooling systems are often incorporated into modular office furniture systems that utilize under-floor air
distribution. Improved performance is accomplished by allowing for more individualized comfort controls. Such systems also
report improved user satisfaction, which is claimed to increase office productivity.

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 108

Research is also being performed at the ESL and the U.S. Department of Energy’s National Laboratories to
develop and test automated fault detection and diagnostics that promise to provide additional benefits from
keeping a building tuned.

7.5  Low NOx Combustion Technologies for Building Systems

Low NOx combustion technologies for gas consuming systems in buildings vary according to construction
type (i.e., residential, commercial, etc.) and include technologies for new construction and existing
construction. Gas consumption in residential includes: heating systems, domestic water heating, kitchen
appliances (i.e., stoves, ovens, ranges, etc.), and clothes dryers. In commercial buildings, low NOx
combustion technologies are most often applied to larger boilers and furnaces that provide buildings with
heating. Some progress has been made in this area with the advent of the TCEQ’s rule 117, which
mandates the application of low NOXx technologies to domestic water heaters. Once properly enforced
(which would include the elimination of standing pilot lights), this should have a significant impact on NOx
reductions since the elimination of the apx. 500 Btu/h of gas consumption used by the pilot light would
make a significant contribution to NOx emissions.

In general, low NOx combustion technologies in residential and commercial applications rely on down-
sized technology developed by the electric power generation industry, including: low NOx burners and
ultra-low NOXx burners. Other industrial technologies include less excess air (LEA) technologies, air
staging, over fire air, fuel reburning, flue gas recirculation, water and steam rejection, reduced air preheat,
combustion optimization, oxygen-enriched combustion, and catalytic combustion. Post combustion
technologies include: selective non-catalytic reduction (SNCR), selective catalytic reduction (SCR), low
temperature SCRs, catalysts, and other technologies®®

7.6 Industrial

Opportunities for reducing energy use in industrial applications are also significant and include many of the
same technologies used in commercial buildings, including: energy efficient electric motors, variable speed
drives, computerized control systems, high efficiency chillers, pumps and boilers, and air-foil technologies
for improving blower efficiencies. Other energy efficiency improvements have also been reported through
the introduction of induction and microwave heating, cogeneration, improved steam systems, and waste
heat recovery. Additional information about the numerous energy conservation opportunities for industrial
applications in Texas can be found in the proceedings of the Industrial Energy Technology Conference®.

7.7  Other

Significant opportunities exist for reducing energy use in other commercial applications. In the following
section, opportunities in restaurants and grocery stores are briefly discussed.

7.7.1 Restaurants

Significant energy efficiency improvements have been reported in the restaurant field, including the use of
improved grilling equipment®, refrigerator-freezer combinations that reduce infiltration into freezers by
placing the entrance to the freezer inside the cooler, the use of industrialized, pre-prepared foods®,

% For more information about NOXx reduction technologies, see the Special Report on NOx Reduction Technologies published by the
Texas Institute of Advancement of Chemical Technology (TIACT 2000).

8 The Industrial Energy Technology Conference, Energy Systems Laboratory, Texas A&M University, College Station, Texas 77843,
www-esl.tamu.edu.

% For example the use of computerized, double-sided grills at McDonalds.

® For example, the use of pre-packaged salads at McDonalds.
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convection ovens, microwave cooking, combined air-conditioner/DHW heat recovery, infrared grilling, and
optimal start of appliances to reduce peak electric demand®.

7.7.2  Grocery Stores

Reduced energy use in grocery stores has also been reported by the major chains. Efficiency improvements
have been reported through the use of refrigerator-freezer combinations, domestic water heat recovery from
condensers, desiccant dehumidification from refrigeration heat rejection, rack-mounted, staged-
compressors to improve refrigeration performance. Installation of special outside air dehumidification
systems. Use of T8, T5 and HID in-store lighting, and the use of daylighting.

7.8 Renewables

Renewable energy technologies offer significant opportunities for reducing energy use and include
opportunities for solar thermal applications (i.e., active, passive), and photovoltaic (i.e., PV, BIPV).

7.8.1  Solar Thermal Systems

Solar thermal systems have most often been applied to new and existing residential and commercial to
provide heating of domestic water and space heating. Such systems utilize active and passive delivery
systems, where active delivery requires blowers and/or pumps. Passive delivery is usually accomplished
without the use of blowers or pumps. The use of solar thermal systems to provide cooling in hot and humid
climates is less used. A few installations have also reported the use of active solar systems that provide
cooling to buildings using absorption or desiccant refrigeration systems. However, such systems can be
expensive and require special maintenance.

7.8.2  Solar PV, and BIPV Systems

The use of photovoltaic (PV) solar systems in residential and commercial buildings continues to grow.
Installation of systems can be accomplished in new or existing sites. However, although costs have
improved considerably in the last few years, the cost of such systems continues to be a restriction for wide-
spread applications. Such systems can utilize grid-connected PV, independent PV, or building integrated
PV (i.e., BIPV) systems. Recent advances in solar systems also include the development of combined solar
thermal/PV systems. Such systems collect electricity and thermal energy from the same solar panel. In
Texas, the most current information about available solar systems, and solar system installation contractors
can be found by contacting the Texas Renewable Energy Industries™ Association

7.9  Thermal Comfort and Indoor Air Quality

Any discussion about reducing energy use in buildings in hot and humid climates is not complete without a
discussion of the needs to maintain proper thermal comfort and indoor air quality. In the United States
ASHRAE® is the primary organization for developing and promoting standards for proper comfort
conditions and indoor air quality®. Such standards describe acceptable conditions for thermal comfort,
which include temperature and humidity conditions and ventilation requirements. In any building, sources
of indoor air pollution should be reduced or placed in a controlled environment. In practice, this can be
difficult and expensive to accomplish, requiring extra ducts to provide for exhaust and makeup air, special

% Cooking equipment in restaurants draw large amounts of electricity when they are first turned on. In many cases, the peak electric
demand for a restaurant can occur in the morning when equipment is first turned-on. Staggering the start of such equipment to
avoid simultaneous starting of appliances can reduce the peak monthly electric demand.

° The Texas Renewable Energy Industries Association can be reached at P.O. Box 16469, Austin, Texas 78761-6469, 512-345-5446,
www.treia.org.

2 ASHRAE, the American Society of Heating, Refrigerating and Air-conditioning Engineers, 1791 Tullie Cir., NE, Atlanta, GA
30329-2305, Phone: (404) 636-8400 Fax: (404) 321-5478, www.ashrae.org.

% Such standards include ASHRAE Standard 62-1999: Ventilation for Acceptable Indoor Air Quality, and ASHRAE Standard 55-
1992: Thermal Environmental Conditions for Human Occupancy, Including ANSI/ASHRAE Addendum 55a-1995.
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filtration systems (i.e., HEPA/UV systems®). In new commercial buildings, CO2 ventilation control is
being used to provide the needed fresh air, at minimum outside air levels.

8 CALCULATED NOx REDUCTION POTENTIAL FROM IMPLEMENTATION OF THE IECC/
IRC

8.1  Calculations Required for Analyzing Implementation of IECC /IRC.

A complete reporting of the savings from the implementation of the IECC / IRC requires tracking and
analyzing savings to new construction and construction activity to existing buildings that undergoes a
bUIIdIng permit. Adoption of the IECC / IRC is expected to impact the following types of buildings:
single-family residential

e multi-family residential

e commercial buildings

e industrial buildings

e renewables

Adoption of the IECC /IRC is also expected to impact construction activity in existing buildings that
undergoes a building permit. Such activity would impact the following types of buildings:

o single-family residential

o multi-family residential

e commercial buildings

e industrial buildings

e renewables

The following sections reports preliminary estimates of the energy savings associated only with new
construction activity in single-family and multi-family residences. Calculation of energy savings adoption
of the IECC / IRC in commercial building, industrial building and renewables is currently under
development at the Laboratory, and will be reported in future reports.

8.2  Calculations of 2003 Emissions Reduction From Implementation of the IECC / IRC to New Single-
family Residential Construction.

8.2.1 2003 Results for New Single-family Residential Construction.

In this section of the report calculations are provided regarding the potential electricity reductions and
emissions reduction from the implementation of the IECC / IRC to new single-family residences in the 38
non-attainment and affected counties®. The procedures to accomplish this were previously outlined in
Section 6 of this report. First, new construction activity by county had to be determined, then energy
savings attributable to the IECC / IRC had to be modeled using the code-traceable, DOE-2 simulation that
the Laboratory has developed for the TERP, then estimates of the NOx reduction potential from the
electricity reductions in each county were calculated using the EPA’s eGRID database®. The results of the
new calculations are reported in Table 25 through Table 31 for new single-family residences, which were
estimated to be constructed during 2003.

In Table 25 the 1999 and IECC / IRC code-compliant building characteristics are shown for each county.
As previously discussed in Section 6, the 1999 building characteristics reflect those published by the
NAHB, ARI and GAMA for Texas. The IECC / IRC code-compliant characteristics are the minimum

* HEPA/UV systems remove indoor contaminants using high efficiency filtration (developed by the nuclear industry) and sterilization
using ultraviolet light.

% The three new counties, Henderson, Hood and Hunt were not included in the 2003 report.

% This preliminary analysis does not include actual power transfers on the grid, and assumes transmission and distribution losses of
20%. Counties were assigned to utility service districts as indicated previously.
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building code characteristics required by the IECC / IRC for each county for single-family residences (i.e.,
Type A.1)”. In Table 25 the rows are sorted first by the EPA’s non-attainment and affected designation,
then alphabetically. Next, in the third column, the location of the TMY 2 weather file is listed, followed by
the NAHB survey classification. The fifth column in Table 25 lists the window area for the average house
as defined by the NAHB survey®. The sixth, seventh, eighth and ninth columns show the NAHB’s average
glazing U-value, Solar Heat Gain Coefficient (SHGC), roof insulation and wall insulation, respectively. In
columns ten through fourteen of Table 25 the corresponding values from the IECC / IRC code-compliant
house are listed for each county (i.e., % area, glazing U-value, SHGC, roof and wall insulation R-value).
For each county the identical window %area was used for the 1999 and code-compliant calculation (i.e.,
window-to-wall area). The IECC /IRC SHGC is 0.4 for all non-attainment and affected counties since
they all fall below the 3,500 HDDgs, as required by the IECC / IRC. All houses were assumed to have an
air conditioner efficiency® equal to a SEER 11, a furnace efficiency (AFUE) or 0.80, and a domestic water
heater efficiency of 76%. The values shown in Table 25 represent the only changes that were made to the
simulation to obtain the savings calculations. All other variables in the simulation remained the same for
the 1999 and IECC / IRC code-compliant simulation. In cases where the 1999 values were more efficient
than the IECC / IRC code-compliant simulation, the 1999 values were used in both simulations, since this
indicates that the prevailing practice is already above code. For example, in Brazoriza county, according to
the NAHB, the roof insulation is R-27.08, which is already above the code-required insulation of R-19.
Therefore, R-27.08 was used in both simulations.

In Table 26 the code-traceable simulation results are shown for each county. In a similar fashion as Table
25, this table is first divided into EPA affected and then non-attainment classifications, followed by an
alphabetical listing of counties. In the third column the IECC / IRC climate zone is listed followed by the
number of projected new housing units'® in the fourth and fifth columns. In the sixth and seventh columns
the simulated annual energy use for single-family residences with 1999 and IECC / IRC-compliant
characteristics is listed. This simulated energy use in column six and seven represent a building with
characteristics shown in Table 25 simulated at the climate location shown in column 3. Column 8 is then
the annual electricity savings per house from the IECC / IRC code-compliant simulation (kWh/yr), and
columns 9 and 10 are the total annual county-wide electricity use from the new housing units, which is the
result of the product of the annual electricity use per house times the number of expected housing units for
each county. Column 11 is the annual county-wide electricity savings resulting from the implementation of
the IECC / IRC, which is followed by column 12, which represents a fixed 1.2 multiplier times column 11
to account for the estimated 20% Transmission and distribution loss (T&D).

In column 13 the peak cooling dates are shown from the TMY2 weather file for each county. These dates
represent the DOE-2-chosen peak dates for a particular housing characteristic, which changes as the
housing characteristics change. For the 2003 results, the peak dates calculated for the 2002 report were
used™®,

Columns 16 through 21 show the peak-day electricity savings for each county, beginning with the peak-day
electricity use for each house using 1999 (column 16) and IECC / IRC code-compliant characteristics
(column 17), and the savings for each house (column 18), followed by the county-wide peak-day electricity
use for 1999 (column 19) and IECC / IRC code-compliant characteristics (column 20), and the county-wide
savings (column 21). Column 22 then shows the county-wide savings with the 1.2 multiplier applied to
estimate T&D losses.

%7 As modified by the 2001 Supplement.

% This value represents the NAHB’s reported number of window units times an average window size of 3 x 5 feet, which was
determined by surveying local building suppliers. Additional information about the procedures used to determine these values can
be found in Im (2003).

% The choice of a SEER 11 efficiency for the air conditioner was based on ARI sales numbers for Texas which show an average
SEER 11 for houses built in 1999.

1% The number of projected new housing units uses the published values for the new housing units in 2002. A vacancy rate of 0% was
assumed for 2003 calculations, based on information suggested by the Real Estate Center at Texas A&M University.

101 The 2002 dates were chosen to avoid changes in the results, which are from the choice of peak date only. The non-coincident dates
shown were found to represent a realistic coincident peak date. This is because the TMY2 weather tapes are composed of
averaged based on a number of years of data for a given site. Hence, dates across TMY2 sites do not correspond to the same
calendar date.
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In Table 27 the county-wide annual electricity savings were then assigned to each PCA using the first
column shown in PUC’s PCA assignment tables shown in Table 17 and Table 18. The total value from
Table 27 for each PCA was then entered into the bottom row of Table 28, which represents the eGRID
utility database for all ERCOT PCAs. The far right column of Table 28 then represents the total annual tons
of NOx savings in each county from all the power plants for the PCAs in that county whose electricity use
was reduced by new houses that were built to IECC / IRC code compliance. Table 30 contains the 2003
peak-day electricity savings from implementation of the IECC / IRC, which is calculated in a similar
fashion as Table 28 using peak-day electricity savings. Finally, Table 31 contains both the 2003, county-
wide annual and 2003 peak-day electricity savings from implementation of the IECC / IRC, which
represent the values shown in Table 28 and Table 30. Finally, Figure 56 and Figure 57 present the tabulated
information previously shown in Table 26 through Table 30. Figure 56 shows the county-wide annual (top),
and peak-day (bottom) savings, and Figure 57 shows how the NOx emissions reduction are assigned to the
different counties using eGRID.

In Table 32 the annual and peak-day natural gas savings are shown. These savings represent the simulated
natural gas reductions due to the implementation of the IECC / IRC, which include reductions in heating
energy use due to more efficient insulation, improved windows, and the elimination of the standing pilot
light in the furnace that serves the residence’®.

8.2.2  Tracing the Savings to Individual Measures: Harris County and Tarrant County.

To better understand which energy conserving features were producing the energy savings a sensitivity
study was performed on two houses, one located in Harris County (i.e., Houston area), and one located in
Tarrant County (i.e., Dallas/Ft. Worth area). In this analysis, the simulations were repeated with each
measure simulated separately and a combined simulation with all measures. Results are shown for the
annual and peak-day savings by fuel type and NOx emissions reduction. This analysis is based on the
standard house type used for the 2003 simulations for single-family residential as described in Table 25'%,
8.2.2.1  Harris County.

For houses in Harris County (Table 21), which is climate zone 4, the average NAHB characteristics for
1999 include 13.8% window-to-wall area, a glazing U-value of 1.11 Btu/ hr-ft>-°F, a solar heat gain
coefficient of 0.71, roof insulation R-value of 27.08 hr-ft>-°F/Btu, a wall insulation of 13.99 hr-ft>-°F/Btu,
an air conditioning efficiency of SEER-11, and an AFUE of 0.80. For the IECC / IRC-compliant house in
climate zone 4, a house with similar window-to-wall area as the 1999 average house (i.e., 13.8%), is
required to have a glazing U-value of 0.75 Btu/ hr-ft-°F, a solar heat gain coefficient of 0.40, a roof
insulation R-value of 26.00 hr-ft-°F/Btu'®, a wall insulation level of R-13 hr-ft*-°F/Btu, a SEER-11 air
conditioning efficiency, and an AFUE of 0.78.

In Table 22, the results of the sensitivity analysis show that the average 1999 house in Harris county
consumed 13,900 kWh/year of electricity and 336 therms/year of natural gas, which totaled 81.03
MBtu/year'®, and on a peak summer day consumed 65.74 kWh/day, and 0.53 therm/day of natural gas.
When the windows were upgraded to meet the code requirements (i.e., double-pane, low-e windows), the

192 The elimination of the standing pilot light results in a savings of 500 Btu/hr, which is assumed to operate 24 hours per day, 365
days per year. This feature was identified through conversations with several furnace manufacturers who confirmed that the
newer, more efficient furnaces, such as those required to meet the 2000 IECC/IRC, utilize hot surface ignition systems to reach
the higher AFUE efficiencies required by the 2000 IECC/IRC. NOx emissions from the elimination of the pilot light were
assumed to be 0.248 Ibs-NOx/MMBtu, from Ottinger, et al. (1991). Environmental Costs of Electricity, Oceana Publications, Inc.,
1991.

198 The single-family house is a single-story house with slab-on-grade foundation and equal window areas on all four sides of the
house. The house has a two-car garage on the west side of the house and no significant shading. It contains an air conditioner
(SEER 11), a natural gas-fired furnace (AFUE 80%), and a natural gas-fired domestic water heater.

04 Whenever the 1999 NAHB characteristics were shown to be above code, the 2000 IECC-code compliant house was simulated with
the same characteristics as the NAHB house, which indicated that the current practice in 1999 was already above code and
therefore no savings were expected from code-compliance.

1% This assumes 3,412 Btu/kWh for an electricity to Btu conversion and 100,000 Btu/therm. MBtu = million Btu, or 1 x 10° Btu.
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annual electricity was reduced to 12,335 kWh/year (11.26% decrease), and gas use was reduced to 335
therms/year (0.30% decrease), which equaled a total combined energy use of 75.64 MBtu/year (6.65%
decrease). Since the average 1999 house already had roof and wall insulation that exceed the code
requirement, the house was simulated with insulation levels that were similar to the average 1999 house
(i.e., no savings were calculated).

In Table 22 savings are shown for a code-compliant furnace that includes an electronic ignition (i.e., there
is no standing pilot light). The type of efficiency upgrade was chosen based on conversations with several
residential furnace manufacturers whose current equipment line exclude standing pilot lights to meet the
stricter 80% efficiency requirements of the IECC / IRC. When the average 1999 house was resimulated
with the pilot light eliminated, the annual gas use dropped to 292 therms/ year (13.10% decrease), which
amounts to a total energy use of 76.68 MBtu/year (5.37% decrease). On peak cooling days, the natural gas
use is reduced to 0.41 therms/day (22.64% decrease).

When the average 1999 house in Harris county was simulated with both the efficient windows and the
electronic ignition the total annual electricity use was reduced to 12,335 kWh/year (11.26% decrease), and
gas use was reduced to 292 therms/year (13.10% decrease), with the total annual energy use reduced to
71.29 MBtu/year (12.02% decrease).

Glazing Roof Wall
Area% | Jvalie g o0 | Insulation Insulation | SEER | AFUE
(Btu/ hr-ft>- (hr-ft>- (hr-FE-°F/Btu) (%)
°F) °F/Btu)
1999 Average 13.8 111] o7l 27.08 1399 11| 80
2000 IECC 13.8 0.75| 0.0 26.00 1300 10| 78

Table 21: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Single-family Residential
in Harris County.

Annual Differenc Annual Differenc E-Ir-:;trzly Differenc
Simulated House Elec. Use € N.G. Use € Use €
(Therm/yr

(KWhiyr) (%) %) | (MBtulyr) | (%)

)
1999 Average House 13,900 - 336 - 81.03 -
1999 Average House w/ 12,335 | 11.26% 335 | 0.30% 7564 |  6.65%
Low-e windows
1999 Average House w/fo 13,900 |  0.00% 202 | 13.10% 76.68 |  5.37%
pilot light
1999 Average House w/ all 12335 | 11.26% 202 | 13.10% 7129 | 12.02%
above
Peak-day Peak-day | ryitorence | PeKUY | pigoronce
. Elec. Use N.G. Use
Simulated House 2002 (Thermiday
0 0
report) (KWh/day) (%) ) (%)
1999 Average House 65.74 - 0.53 -
1999 Average House w/ Low-e 56.78 13.63% 053 0.00%
windows 2/29 ’ 0970 ) Y70
1999 Average House w/o pilot 65.74 0.00% 041 29 64%
light ' ' ' '
1999 Average House w/ all above 56.78 13.63% 0.41 22.64%
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Table 22: Annual and Peak-day Savings for Specific Measures for Single-family Residential in Harris
County.

8.2.2.2  Tarrant County.

For houses in Tarrant county (Table 23), which is climate zone 5, the average NAHB characteristics for
1999 include 20.6% window-to-wall area, a glazing U-value of 0.87 Btu/ hr-ft>-°F, a solar heat gain
coefficient of 0.71, roof insulation R-value of 26.75 hr-ft-°F/Btu, a wall insulation of 14.18 hr-ft>-°F/Btu,
an air conditioning efficiency of SEER-11, and an AFUE of 80%. For the IECC-compliant house in
climate zone 5, a house with similar window-to-wall area as the 1999 average house (i.e., 20.6%), is
required to have a glazing U-value of 0.50 Btu/ hr-ft>-°F, a solar heat gain coefficient of 0.40, a roof
insulation R-value of 38.0 hr-ft*-°F/Btu'®, a wall insulation level of R-13 hr-ft>-°F/Btu, a SEER-11 air
conditioning efficiency, and an AFUE of 78%.

In Table 24, the results of the sensitivity analysis show that the average 1999 house in Tarrant county
consumed 15,274 kWh/year of electricity and 442 therms/year of natural gas, which totaled 96.32
MBtu/year, and on a peak summer day consumed 84.12 kWh/day, and 0.55 therms/day of natural gas. In
difference to Harris county, when only the roof insulation was upgraded, the annual electricity was reduced
to 15,098 (1.21% decrease), the natural gas use was reduced to 424 therms/year (4.07% decrease), for a
total annual energy use of 93.89 MBtu/year (2.52% decrease). On a peak day electricity use was reduced to
82.10 kWh/day (2.40% decrease), and gas use was unchanged. When only the windows were upgraded to
meet the code requirements (i.e., double-pane, low-e windows), the annual electricity was reduced to
13,210 kWh/year (13.51% decrease), and gas use was reduced to 409 therms/year (7.47% decrease), which
equaled a total combined energy use of 85.96 MBtu/year (10.76% decrease).

In Table 24 the savings for the code-compliant furnace that includes an electronic ignition show the annual
gas use dropped to 399 therms/ year (9.73% decrease), which amounts to a total energy use of 91.99
MBtu/year (4.50% decrease). On peak cooling days, the natural gas use is reduced to 0.43 therms/day
(21.82% decrease).

When the average 1999 house in Tarrant county was simulated with efficient windows, improved roof
insulation and the electronic ignition the total annual electricity use was reduced to 13,035 kWh/year
(14.72% decrease), and gas use was reduced to 347 therms/year (21.49% decrease), with the total annual
energy use reduced to 79.12 MBtu/year (17.86% decrease).

. Roof Wall
Area % S!?/;'Irllge SHGC Insulat;on Insulat;on SEgR | AFUE
(Btu/ hr-f=°F) (hr-fe’- (hr-fe*- (%)
°F/Btu) °F/Btu)
1999 Average 20.6 0.87 | 0.66 26.75 14.18 11 80
2000 IECC /
IRC 20.6 050 | 0.40 38.00 13.00 10 78

Table 23: 1999 Average Vs IECC Input Values for Specific Measures for Single-family Residential in
Tarrant County.

106 \Whenever the 1999 NAHB characteristics were shown to be above code, the 2000 IECC-code compliant house was simulated with
the same characteristics as the NAHB 1999 house, which indicated that the current practice in 1999 was already above code and
therefore no savings were expected from code-compliance.
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Annual Differenc Annual Differenc E-Ir;cétrzly Differenc
Simulated House Elec. Use e N.G. Use e Use e
KWhiyr) | (%) (The;m/ YL ) | (MBuyn | ()
1999 Average House 15,274 - 442 - 96.32 -
1999 Average House w/roof | 1599 | 1 5104 24| 407% 9389 |  2.52%
insulation (R-38)
1999 Average House w/ 13210 | 13.51% 409 | 7.47% 85.96 | 10.76%
Low-e windows
1999 Average House w/o 15274 | 0.00% 399 |  9.73% 91.99 |  4.50%
pilot light
1999 Average House w/ ll 13,025 | 14.72% 347 | 21.49% 7912 | 17.86%
above
Peak-day Peak-day | pitrorance | PeAK08Y | picroronce
. Elec. Use N.G. Use
Simulated House 2002 (Thermiday
0, 0,
pory) | (KWh/day) (%) (%)
1999 Average House 84.12 - 0.55 -
1999 Average House w/ roof 82.10 2.40% 0.55 0.00%
insulation (R-38)
1999 Average House w/ Low-¢ 7129 70.39 16.32% 0.55 0.00%
windows
ﬁgﬁ? Average House w/o pilot 84.12 0.00% 0.43 21.82%
1999 Average House w/ all above 68.33 18.77% 0.43 21.82%

Table 24: Annual and Peak-day Savings for Specific Measures for Single-family Residential in Tarrant
County.

8.2.3  Summary.

In summary, the implementation of the IECC in the non-attainment and affected counties is calculated to
have saved single-family homeowners from 1,602 to 2,583 kWh/house annually (12 to 16% of the annual
1999 household electricity use, which is 0.63 to 1.1 W/ft2), which would be $120 to $194 ($0.047/ft2 to
$0.08/ft2 at 0.075 $/kwWh). The total annual electricity savings from the implementation of the IECC/IRC
for the estimated 96,622 new single-family houses built in the 38 non-attainment and affected counties is
236,965 MWh, for a cost savings of $17.7 million'”’. On peak-days the IECC / IRC reduces single-family
household electricity use by 7.86 to 15.79 kWh/day (12.4 to 18.7% of the peak 1999 electricity use), which
reduces the total electricity production by 1,452.39 MWh for the 38 non-attainment and affected counties.
Using eGRID, the electricity savings from the implementation of the IECC / IRC to single-family houses
translate to 340.43 tons of NOx reduction annually. On a peak-day, using eGRID, the electricity reductions
translate to 2.13 tons of NOx for all the 38 non-attainment and affected counties.

The natural gas savings from the implementation of the IECC / IRC in the non-attainment and affected
counties is calculated to have saved single-family homeowners from 41 to 114 therms/house™® annually
(13 to 26% of the annual 1999 household natural gas use), which would be $25 to $68 (at 0.60 $/therm).
The total annual savings from the implementation of the IECC / IRC for the estimated 96,622 new single-
family houses built in the 38 non-attainment and affected counties is 7,427,643 therms (742,764 MMBtu)

97 Calculated at 0.075 $/kWh.
108 A therm is a measure of the energy content of natural gas, which is equal to 100,000 Btu.
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for a cost savings of $4.5 million’®. On peak-days (i.e., peak cooling days) the IECC / IRC reduces single-

family natural gas use by 0.12 therm/day (18 to 25% of the peak 1999 natural gas use), which reduces the
total natural gas required on peak days by 11,595 therms (1,159 MMBtu) for the 38 non-attainment and
affected counties. When combined with multi-family , this amounts to an annual NOx reduction of 110.1
tons/year (Table 45). On a peak-day in the cooling season, the natural gas reductions translate to 0.1978
tons of NOx for all the 38 non-attainment and affected counties.

1% Calculated at 0.60 $/therm.
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Division 1999 Average 2000 IECC
County TMY2 (East or Glazing Roof Wallr Glazing Roof Wallr
West) Area % U-value SHGC Insulation Insulation Area % U-value SHGC Insulation | Insulation
(Btul hr-ft2-F) (hr-ft2-FBtu) | (he-ft2-F/Bhu) (Bt br-2-F) (hr-ft2-F/Bttu) (Chr-ft2-FiBtu)
Brazoria Houston East 138 111 0.7 27.08 13.99 13.8 075 040 19.00 11.00
Chambers |Port &rthur East 138 111 0.7 27.08 13.99 13.8 075 040 26.00 13.00
Collin Fort Worth Wiest 206 087 0.66 2675 14.18 206 0.46 040 36.00 16.00
Dallas Fort Worth West 206 057 0.66 2675 1418 206 0.50 040 36.00 13.00
Denton Faort Wiarth Whigst 206 087 0.66 2675 1418 206 0.46 0.40 36.00 16.00
El Paso El Pazo Wigst 206 087 0.66 2675 1418 206 0.46 0.40 38.00 16.00
Fort Bend  |Houston East 138 111 0.7 2708 1399 138 0.75 040 26.00 13.00
Hon- Galveston  |Houston East 138 111 0.7 27.08 13.99 13.8 075 040 19.00 11.00
atainment |y, gin Part Arthur East 1348 11 0.7 2708 1349 136 075 040 26.00 1300
Harris Houston East 138 111 0.7 27.08 13.99 13.8 0.75 040 26.00 13.00
Jefferson  |Port Arthur East 138 11 0.71 27.08 13.99 138 073 040 26.00 13.00
Liberty Paort Arthur East 136 111 0.71 2708 1399 136 0.75 0.40 26.00 13.00
MontgomeryHouston East 138 111 0.7 2708 1399 138 0.75 040 26.00 13.00
Orange Port Srthur East 138 111 0.7 27.08 13.99 13.8 075 040 26.00 13.00
Tarrant Fort Worth Wyest 206 0s7 066 2675 14.18 206 0.50 040 38.00 13.00
(Waller Houston East 138 111 0.7 27.08 13.99 13.8 075 040 26.00 13.00
Bastrop Austin Wiest 206 087 0.66 2675 14.18 206 0.52 040 30.00 13.00
Bexar San Antonio West 206 057 0.66 2675 1418 206 0.52 040 30.00 13.00
Caldwell Austin Whigst 206 087 0.66 2675 1418 206 0.52 0.40 30.00 13.00
Comal San Artonio Wigst 20E 087 0.66 2675 1418 206 0.52 040 30.00 13.00
Ellis Fort Worth West 206 087 066 2675 14.18 206 0.50 040 38.00 13.00
Gregg Lufkin East 138 111 0.7 27.08 13.99 13.8 060 040 30.00 13.00
Guadalupe |San Artonio Wiest 206 087 0.66 2675 14.18 206 0.52 040 30.00 13.00
Harrison Lutkin East 138 11 0.71 27.08 13.99 138 0.60 040 30.00 13.00
Hays Austin West 206 057 0.66 2675 1418 206 0.50 040 36.00 13.00
Johnson Faort Wiarth Whigst 206 087 0.66 2675 1418 206 0.50 0.40 36.00 13.00
Affected Fort Waorth Wigst 20E 087 0.66 2675 1418 206 0.46 040 38.00 16.00
Hueces Corpus Christi East 138 111 0.7 27.08 14.18 13.8 075 040 19.00 11.00
Parker Fort Worth Wyest 206 087 066 2675 14.18 206 0.46 040 38.00 16.00
Rockwall Fort Worth Wiest 206 087 0.66 2675 14.18 206 0.46 040 36.00 16.00
Rusk Lutkin East 138 11 0.71 27.08 13.99 138 063 040 30.00 13.00
San Patricio |Corpus Christi East 136 111 0.71 2708 1418 136 0.75 0.40 19.00 11.00
Smith Lufkin East 138 111 0.7 2708 1399 138 0.65 040 30.00 13.00
Travis Austin West 206 087 066 2675 14.18 206 0.50 040 38.00 13.00
Upshur Lufkin East 138 111 0.7 27.08 13.99 13.8 060 040 30.00 13.00
Victoria ictaria East 206 111 0.7 27.08 14.18 206 075 040 19.00 11.00
Williamson | 2Austin Wiest 138 087 0.66 2675 14.18 13.8 0.50 040 36.00 13.00
(Wilson San Antonio \iest 206 0.57 066 2675 1415 206 0.52 0.40 30.00 13.00

Table 25: 1999 and IECC / IRC Code-compliant Building Characteristics Used in the DOE-2 Simulation
for Single-family Residential.
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Simulation Results for Single-family Houses

2000 Total Peak-

2003 Total Peak-

Mo, of 2000 Annuzl 2003 Anuual Annval 2000 Total Annual | 2003 Total Anuusl Tatal Annusl Total Annual 2000 Peak-day | 2003 Peak-day Peak-tay day ey Peak-tay Peak-tiay Electricty
Climate Mo. of projected Electricity Electricity Use Electricity Electricty Use Electricity Use Electricty Savings Electricty Savings Peak Electricity Electricity Lse Electricity Electricty Use Electricity Use Electricity Savings per County
County Tone projected | units (2003) | Use (KWhhouse) [ (KWhhouse) Savings per (AR oLnty ) [MWWHICounty) per Courty per County vl 20% Drate Use (kvhhouse) [ (Khhouse) Savings per (MAhICourty) (MARICoURY) Savings per ] 20% TED Loss

units (2003 | wef Vacancy | (1999 Average | (The 200 JECC House (1999 Average (The 200 ECC MARICoURtY) T&D Loss (2002 Report) (1999 Average | (The 200 FECC House (1999 Average | (The 200 IECC Courty (MARICoUY)

Rate Characteristics) | Characteristics) | (KWhHouse) | Characteristics] | Characteristics) [MYHICounity) Characteristics) | Characteristics) |(KWhHouseE) Characteristics) | Characteristics) (MWhCounty 1

Bastrop 4 215 215 16,275 13,962 2,295 3,500 3,006 434 592 7131 7681 5217 14 64 1631 1337 315 378
Bexar 4 TET 7671 16,353 13,831 2,362 125444 107 325 16119 M 743 a/2a 70.44 5947 1047 54035 45619 5418 100,39
Calchwell 4 129 129 16,278 13,962 2,295 2,100 1,804 296 399 7731 7681 65217 14 64 291 802 1.89 227
Comal 4 1,248 1245 16,353 13,991 2,362 20,409 17 451 2045 3537 a/2a 70.44 5947 1047 &7.91 7422 1369 16.43
Elliz 5 o7 07 15274 13,025 2,248 10,798 8,208 1,580 1,808 Ti29 8412 B8.33 1578 59.47 4831 1116 1340
Gregg 5 256 256 13,505 11,903 1,602 3457 3047 410 492 722 5603 57.35 1058 1742 1468 273 328
Guadalupe 4 646 46 16,353 13,831 2,362 10,564 a,058 1526 1831 a/2a 70.44 5947 1047 4550 3542 709 550
Harrison B 42 42 13,505 11,803 1,602 96T 500 67 81 Ti22 6603 9735 10,68 286 241 045 054
Harys 5 a19 ala 16,278 13,363 2415 14,953 12,740 2219 2663 7131 7651 5134 6312 7059 5637 1422 1708
ihnson 5 BT 3T 15,274 13025 2,248 10,493 248 1545 1854 729 7412 B33 1579 &7749 4694 1085 1302
affected [ fman 5 403 403 15,274 13,003 2,271 5,155 5,240 a5 1,098 /19 7643 54,36 1457 a1 2594 567 705
County  |Musoes 3 1,02 102 15,300 13,572 1,728 15 484 13,735 1,749 2095 a/1a 6634 5997 837 6916 BO6a 547 1018
Parker B 345 345 19,274 13,003 2,271 5,270 4,486 783 940 8/19 7693 B4.36 14.57 2723 22.20 503 603
Rockwal 3 1,248 1246 15,274 13,003 2,271 19,031 16,202 2530 3396 /19 7543 5436 1457 9335 8019 1815 279
Fusk 5 16 16 13,358 11,520 1,538 214 188 25 30 Tia2 B7 B3 5730 1038 108 082 017 020
San Patricio 3 229 229 15,300 13,572 1,728 3,904 3,108 396 473 818 65,34 59.97 837 1563 1373 192 230
Smith s 505 S0E 13,358 11,820 1,538 £759 5981 775 934 T2 E7 69 57.30 10.39 34.25 2599 526 631
Trawvis 5 4820 4 @20 16,278 13863 2415 78 460 B @20 11 40 13 968 T3 TE &1 B1.34 1547 aT022 295 B 74 57 &9 48
Upshur 6 18 18 13,505 11,803 1,602 243 214 29 33 Ti22 6503 57.35 10,68 122 1.03 019 023
ictoria 3 178 178 14536 12,840 1,696 2587 2,286 302 362 9,7 7248 B350 8495 1280 1130 1 60 182
hlizmacn 5 4,229 4209 16,278 13,863 2415 58,340 56627 10,213 12,256 7131 7681 5134 1547 32483 25941 6542 7851
[Wilzon 4 36 36 16,353 13,991 2,362 559 504 85 102 B/28 70.44 5947 1087 254 214 039 047
Brazoria 3 2,349 2349 13,900 12,335 1,565 32 851 26,475 I 4411 729 5 74 5678 896 15442 13338 2108 25 26
Chambers 4 295 295 13,721 12,210 1,911 4,069 3,539 4350 540 a1 63.52 5366 7686 1693 16.59 234 28
Collin 5 agT 9671 15274 13,003 2,271 147715 125,752 1 983 26 355 /19 7543 B4.36 1457 TEII3 62243 140 31 16909
Dallas 5 G170 8170 15,274 13025 2,249 124789 106,414 16,374 22048 729 5412 5333 1579 57 26 55626 12900 154 81
Dertan 3 4,951 4961 15,274 13,003 2,271 75774 4,508 11,266 13520 /19 7543 5436 1457 31 57 929 7228 674
El Paso B 3,368 3,388 15416 12,833 2,583 52,229 43478 751 10 501 T2 7379 5667 1512 25000 19877 5123 6147
Mon- Fort Bierict 4 1,043 1,043 13,900 12,335 1,565 14 498 12,865 1532 1859 7429 5574 5678 5.496 66357 5922 935 1121
attammarg|254ESHO0 3 2,564 2564 13,900 12,335 1,565 35,640 3 2T 43 4615 729 6574 5678 596 16556 14558 2207 27 57
Hardlin 4 47 47 13,721 12,210 1,511 645 ar4 kil 83 a1 63.52 9966 786 299 2852 037 044
County  |Harris 4 21 587 1 587 13,900 12,335 1,565 300,059 266,276 33,784 40 540 729 5574 5678 596 141913 122571 19342 23210
Jefferson 4 585 585 13,721 12,210 1,511 8,164 7265 899 1,079 911 B3 52 5566 788 3779 3312 4 68 561
Liberty 4 224 224 13,721 12,210 1,911 3074 2735 336 406 a1 63.52 5366 7686 14.23 1247 176 211
Mortaomery 4 4,247 4247 13,900 12,335 1,565 59,033 52,367 6547 7476 729 6574 5678 596 27920 24114 3305 45 BB
Crange 4 197 197 13,721 12,210 1,511 2,703 2,405 295 357 a1 63.52 9966 786 1231 10.96 1.95 1.86
Tarrant 5 11,700 11,700 15,274 13025 2,243 178,706 152,303 26,313 576 729 5412 5533 1579 95420 79945 16474 221 89
[Wvaller 4 23 23 13,800 12,335 1,565 320 284 36 43 Ti29 B574 SB.78 ) 151 131 0 025
TOTAL 95,622 95,622 1,449,515 1,252,044 197 471 236,965 1,210.33 1,452.39

Table 26: 2003 Annual and Peak-day Electricity Savings From Implementation of the IECC / IRC for Single-family Residences.

December 2003.

Energy Systems Laboratory, Texas A&M University
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Annual Electricity Use by PCA for Single-family House
Total Total
Energy Energy
Nonattainment Savings by | Savings by
and Affected Electric Retail NERC County PCA
Counties Service Area Power Control Area Region | (MWh) (Mvirh)
Travis Austin Energy Austin EnergyPCA ERCOT| 139684
Austin Energy/PCA, 13,958.4
Nueces American Electric Power West 2'098'5
CRI (ERCOTYPCA ERCOT
San Patricio American Electric Power West 414.9
CRI (ERCOTIPCA ERCOT
Victoria American Electric Povwer West 3823
CRI (ERCOT)PCA ERCOT
American Electric Power West
(ERCOTIPCA 49356
Bastrop Lower Colorado River AuthorityPCa | ERCOT 5924
Caldwell Lowwer Colorado River AuthorityPCe, | ERCOT 3554
Comal Lower Colarado River SutharityPCa | ERCOT 36373
Guadalupe Lower Colorado River AuthorityPCa | ERCOT 1,831.0
Hays Lowwer Colorado River AuthorityPCe, | ERCOT 2 B63.3
Wilson Lower Colarado River SutharityPCa | ERCOT 102.0
Lower Colorado River Authority PCA 9,DE1 4
Brazoria Reliant Energy 44114
HL&P Reliant Energy HL&PPCS ERCOT
Fort Bend Reliant Energy 19588
HL&P Reliant Energy HLAPPCA ERCOT
Galveston Reliant Energy 48152
HL&P Reliant Energy HLEPPCA ERCOT
Harris Reliant Energy 40,540 4
HL&P Reliant Energy HL&PPCS ERCOT
Waller Reliant Energy 43.2
HL&P Reliant Energy HLAPPCA ERCOT
Reliart Energy HLEPPCA 51,7684
San Antonio
Bexar Public Service Bd San Artonia Public Service BaPca | ERCOT 217427
San Artonio Public Service BdiPCA 21 ,742 T
Ellis T THU ElectricPCA ERCOT 1,908.1
Johnson TAU THU Electric/PCA ERCOT 1,854 .1
Kaufman TAU THL Electric/PCA ERCOT 1,098.3
Parker T THU ElectricPCA ERCOT 940.2
Rockwall TAU THU Electric/PCA ERCOT 33956
Smith TAU THL Electric/PCA ERCOT §33.9
Williamson T THU ElectricPCA ERCOT | 1225586
Collin TAU THU Electric/PCA ERCOT| 26,3554
Dallas TAU THL Electric/PCA ERCOT| 22,0482
Denton T THU ElectricPCA ERCOT| 135187
Tarrant TAU THU Electric/PCA ERCOT| 31.576.0
THL Electric/PCA 115,886.0
Chambers EGS Entergy Electric SystamiPCa SERC 5240.3
Hardin EGS Erteray Electric SystemPCa, SERC 85.2
Jefferson EGS Entergy Electric SystemPCA SERC 10788
Liberty EGS Entergy Electric SystamiPCa SERC 406.2
Montgomery EGS Ertergy Electric SystemiPCA SERC 7A75.8
Orange EGS Entergy Electric SystemPCA SERC 35872
Entergy Electtic SystamiPCa 10443 .6
EL PASO
Fl Paso Electric Company E| Paso Electric CoPCA WW3SCC 10,501 4
El Paso Electric CoPCA 10,5014
Gregy SWEPCOD Southwestern Public Service CoPCa SPP 4321
Harrison SWEPCO Southwestern Public Service CoPCA SFPP a0.7
Rusk SWEPCO Sauthwestern Public Service CoPCa SPR 295
Upshur SWEPCO Southwestern Public Service CoPCa SPP 346
Southwestern Public Service CoPCA §37.0
Total 236,965.1

Table 27: 2003 Totalized Annual Electricity Savings From IECC / IRC by PCA for Single-family
Residences.

December 2003. Energy Systems Laboratory, Texas A&M University
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Annual NOx Emissions Reduc s Calculations for Single-family Houses
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Table 28: 2003 Annual NOx Reductions From IECC / IRC by PCA for Single-family Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 122

Peak-day Electricity Use by PCA for Single-family House
Total Total
Energy Energy
Honattainment Savings by | Savings by
and Affected Electric Retail NERC County PCA
Counties Service Area Power Control Area Region |  (MWh) (MwWh)
Travis Austin Energy £ustin EnergyPCA ERCOT 9.5
Austin Energy/PCA 895
Nueces Ametican Electric Power West 102
CRI (ERCOTIPCA, ERCOT
San Patricio Ametican Electric Power west 23
CRI (ERCOTIPCA ERCOT
Victoria American Electric Power West 19
CRI (ERCOTIPCA, ERCOT
American Electric Power West 144
(ERCOTIFCA
Bastrop Lowver Colorado River AuthorityPCA | ERCOT 38
Caldwell Lowver Colorado River AuthorityPca | ERCOT 23
Comal Lowver Colorado River AuthorityPca | ERCOT 164
Guadalupe Lower Coloradn River AuthorityPCa | ERCOT 85
Hays Lowver Colorado River AuthorityPCa | ERCOT 171
Wilson Lowver Colorado River AuthorityPca | ERCOT 045
Lowver Colorado River AutharityPCA 485
Brazoria Reliant Energy 253
HL&P Reliant Energy HLEPIPCA ERCOT
Fort Bend Reliant Energy 1.2
HL&P Reliant Energy HLEPIPCA ERCOT
Galveston Reliant Energy 276
HL&P Reliant Energy HLEPIPCA ERCOT
Harris Reliant Energy 2321
HL&P Reliant Energy HLEPIPCA ERCOT
Waller Reliant Energy 0z
HL&P Reliant Energy HLEPIPCA ERCOT
Reliant Energy HLEPFCA 296 4
Bexar Sgn Antqmo 101.0
Public Serice Bd San Antonio Public Service BdPca | ERCOT
San Artonio Public Service BA/PCA, 101.0
Ellis AU THU Electric/PCA ERCOT 134
Johnson TAL THU ElectricPCA ERCOT 13.0
Kaufiman THU THU ElectricPCA ERCOT 7.
Parker A THU ElectricPCA ERCOT 6.0
Rockwall AU THU Electric/PCA ERCOT 218
Smith TAL THU ElectricPCA ERCOT 6.3
Williamson THU THU ElectricPCA ERCOT 785
Collin A THU ElectricPCA ERCOT 169.1
Dallas AU THU Electric/PCA ERCOT 154.8
Denton TAL THU ElectricPCA ERCOT a6.7
Tarrant THU THU ElectricPCA ERCOT 2217
TXL ElectriciPCA 7784
Chambers EGS Entergy Electric SystemPCA SERC 248
Hardin EGS Entergy Electric SystemPCa, SERC 04
Jefferson EGS Entergy Electric SystemPCa, SERC 5 b6
Liberty EGS Ertergy Electric SystemPCA SERC 2.1
Montgomery EGS Ertergy Electric SystemPCA SERC 457
Orange EGS Ertergy Electric System/PCA SERC 14
Entergy Electric SystemPCa, 585
EL PASO
Fl Paso Electric Company El Paso Electric CoPCA WSCT B15
El Paso Electric CoPCA 615
Gregg SWEPCO Southwestern Public Service CaPCA SPP 33
Harrison SWEPCO Southwestern Public Service CoiPCA SFP 0.5
Rusk SWEPCO Southwestern Public Service CaPCa SPP 02
Upshur SWEPCO Southwestern Public Service CaPCA SPP 02
Southwestern Public Service CoPCA 4.3
Total 14524

Table 29: 2003 Totalized Peak-day Electricity Savings From IECC / IRC by PCA for Single-family
Residences

December 2003. Energy Systems Laboratory, Texas A&M University
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Peak-day NOx Emissions Reductions Calculations for Single-family Houses
Amanican
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Table 30: 2003 Peak-day NOx Reductions From IECC / IRC by PCA for Single-family Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Annual and Peak-day Electricity and NOx emissions reductions
Using eGRID Method (For Single-family Houses)
Total Annual Peak-dan
Electricity Annual Nox Eleﬂrici; Peak-da].f Nox
A " A Reductions
County Savings per Reductl.uns Calculated Savings per Calculated Using
County w/ 20% using eGRID County w/ 20%
TaD Loss (Tons) T&D Loss eGRID
{MWh/County) (MVh/Caunty) (Tons)
Bastrop 892 3.06 3768 00178
Bexar 21743 23.19 100.99 0.1093
Caldwell 355 0.00 227 0.0000
Cornal 3537 0.00 16.43 0.0000
Ellis 1,808 0.00 13.40 0.0000
Gregy 492 0.00 328 0.0000
alu 1.831 0.00 8.50 0.0000
Harrison 81 0.00 0.54 0.0000
Hays 2B63 0.00 17.06 0.0000
Johnson 1854 0.00 13.02 0.0000
oo [kainan 1% oo 705 0000
Counties Mueces 2098 3.35 10.16 0.0199
Parker 940 0.00 5.03 0.0000
Rockwall 3,396 0.00 2179 0.0000
Rusk 3n 4.19 0.20 0.0280
San Patricio 475 0.00 230 0.0000
Smith 934 0.00 B.31 0.0000
Travis 13,968 .44 89.48 0.0218
Upshur 35 0.00 023 0.0000
ictoria 362 1.14 192 0.0067
Williamson 12,256 0.00 78.51 0.0000
Wilson 102 0.00 0.47 0.0000
Brazoria 4411 1.49 2526 0.0084
Chambers 540 12.28 281 0.0711
Caollin 26,355 1.59 1689.09 0.0103
Dallas 22049 31.35 154.81 0.2087
Dentan 13520 0.69 8674 0.0046
El Paso 10,501 0.00 61.47 0.0000
Fart Bend 1959 36.09 1121 0.2102
Affected | Galveston 4815 13.97 a7 0.0814
Counties |Hardin 85 0.00 0.44 0.0000
Harris 40540 14.56 232.10 0.0545
Jefferson 1.079 0.00 561 0.0000
Liberty 406 0.00 21 0.0000
Montgomery 7976 0.00 4566 0.0000
Orange 357 0.00 1.86 0.0000
Tarrant 31 576 20.38 22169 0.1354
Waller 43 0.00 0.25 0.0000
WARD 31.09 0.2073
MCLENMARN 2446 0.1629
MITCHELL 23.88 0.1550
FAVETTE 14.74 0.0865
HOQD 13.36 0.0891
FREESTONE 13.36 0.0391
FANNIN 10.41 0.0594
YOUNG 9.83 0.0655
CHEROKEE 5.97 0.0399
TITUS 5.97 0.0399
LLANG 1.90 0.0110
PALO PINTD 1.71 0.0110
HEMDERSON 1.78 00119
LIMESTONE 1.49 0.0084
RED RIVER 1.168 0.0078
GRIMES 1.01 0.0064
Other
Countiss | ALHOUN 0.0 0.0055
HASKELL 0.86 0.0053
ROBERTSOM 0.64 0.0054
JOMES 0.78 0.0049
CROCKETT 0.78 0.0049
CAMERON 0.78 0.0043
BRAZOS 0.69 0.0048
LAMAR 0.58 0.0033
MOLAN 0.58 0.0033
WHARTOMN 0.26 0.0015
HIDALGO 0.19 0.0009
FRIO 012 0.0008
WEBE 0.09 0.0004
COKE 0.04 0.0002
COLEMAN 0.03 0.0001
HARDEMAN 0.0 0.0001
TAYLOR 0.01 0.0001
Total 340.43 21310

Table 31: 2003 Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Single-family
Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Simulation Results for Single-family Houses

2000 Annual

2000 Pesk-day

2000 Total Peak-

2003 Total Peak-

N e B o kol st Fotitaty T S (R oot il I A dy | ke ke
County Climate projected | unis (200%) Use [Thermihouse) Gas Savings per (ThermiCourty) (ThermiCourty) (Gas Savings per Date Use (Thermbause) | Savings per Matural Gas Use | Matural Gas Use | Gas Savings per
0N | rits (2003) |wivacancy | SCROUSED | o ooy i House (1999 Average | (The 200 IECC County (2002 Report) | STHEMMMOUSE) | pogp ieCC | House (ThermiCourty) | (ThermiCounty) County
Rate (1999 Avei.'a.ge Characteristics) (ThermiHause) Characteristics) | Characteristics) (ThermiCounty) (1999 Avfrage Characteristics) | (ThermMHouse) (19994 ve.ra.ge (The 2000 /ECC (ThermiCourty)
Characteristics) Characteristics) Characteristics) | Characterislics)

Bastrop 4 215 215 362 269 73 77,830 62,135 15,695 I3 063 053 012 138.33 113.53 25.80
Eexar 4 7671 7671 340 267 73 2,603,140 2,043,157 559,983 GI25 051 039 012 3,920.85 3,000 .46 920.52
Calohrvel 4 129 129 362 259 T3 45,695 37,281 aM7 T 085 053 012 §3.60 6312 1548
Comal 4 1,245 1,245 340 267 T3 424,320 333,218 91,104 G125 051 039 012 637.91 43815 149.76
Ellis B 07 07 442 347 a5 312,494 245,329 B7,165 728 055 043 012 357.54 302,70 G454
Gregg B 256 256 369 302 B7 94,464 772 17,152 722 055 043 012 139.59 108 87 3072
Guadalupe 4 B46 B46 340 267 T3 219,840 172,482 47155 G125 051 039 012 330.20 252 65 77.52
Hartizon B 42 42 369 302 B7 15,495 12684 2514 7iz2 055 043 012 2280 1786 5.04
Hary= B a1 a1 362 27E G54 332675 255 482 77196 T3 053 o4 a1z 48527 37499 11028
Johnzon B Ba7T Ba7T 442 347 a5 303,654 238,339 65,265 Tra 055 043 a1z 37658 29414 8244
Atfected o tman 3 403 403 442 28 114 178,126 132184 45,042 ) 053 041 012 21251 16415 4836
County Mueces 3 1012 1012 253 208 45 256,036 210,496 45,540 aHE 0439 037 a1z 48695 37551 121 44
Parker B 345 345 442 328 114 152,490 113,160 39,330 a1 053 oH 012 18193 140 53 41.40
Rockwal 6 1,246 1,246 442 Jarii} 114 550,732 408,688 142 044 &81a 053 o4 012 657 06 507 .54 148.52
Rusk S 16 16 329 2 v 5264 4992 ey Tz 055 043 01z 872 680 1.92
San Patricio 3 229 229 253 208 43 57 937 47 532 10,305 81a 049 037 012 11245 B84.97 27.48
Smith S S06 S06 329 32 7 166,474 157,872 8502 Tz 055 043 012 27591 21519 60.72
Traviz S 48520 48520 362 278 B4 1,744,840 1,339,960 404,550 I3 053 0.4 012 254515 196675 578.40
Upshur ] 18 18 369 302 &7 6,642 5,436 1,206 T2z 055 043 012 a.81 765 216
Victoria 3 178 178 282 239 43 50,196 42542 7654 arz 0.50 038 012 50.51 6345 21.36
[viliamson B 4,229 4,229 362 278 G4 1,530,895 1,175,662 355,236 T 053 0.4 012 2,233.07 172559 507 .48
[villson 4 36 36 340 267 T3 12,240 9612 2525 G125 051 039 012 15640 1405 4.32
Erazoria 3 2349 2349 338 292 44 789,264 635,903 103,356 728 053 0.4 012 1,245.33 96345 28188
Chambers 4 295 295 327 286 41 97 46 85,228 12,218 an 052 0.40 012 15365 117 .89 35.76
Callin Bl 95671 95671 442 328 114 4,274,582 3,172,088 1,102,494 k] 053 0.41 012 5,080.53 393931 1,160.52
Dallas B 5170 5170 442 347 a5 3611140 2,534,990 776,150 Tra 055 043 a1z 447841 349301 9&80.40
Denton 1 4,961 4,961 442 328 114 2192762 1,627 208 565,554 &1 053 o4 a1z 261610 202075 58532
El Pazno 1 3388 3388 405 287 118 1372140 972,356 399,754 THZ 056 044 a1z 1,580.28 148372 406 56
Mon- Fort Bend 4 1,043 1,043 336 292 44 350,445 304,556 45,592 Tra 053 o4 a1z 552485 42779 12516
attainment (Galveston 3 2564 2564 336 292 44 861,504 748 638 112,816 9 053 oH 012 1,358.31 1,051 B3 307 B8
Hardin 4 47 47 327 266 1 15,369 13,442 1827 an 052 040 012 2423 1858 564
County Harriz 4 21,587 21,587 336 292 44 7253232 6,303 404 949,528 ) 053 o4 01z 11,444.41 885397 2,590.44
Jefferson 4 595 595 327 266 41 194,565 170,170 24,395 an 052 0.40 012 306.77 23537 71.40
Liberty 4 224 224 327 266 41 73,248 64,064 9,154 an 052 0.40 012 115.49 5861 26.68
Mantgomery 4 4247 4247 336 292 a4 1,426,392 1,240,124 186,868 729 0.53 0.41 012 2,251 56 1,741.92 50964
Orange 4 197 197 327 286 41 64,419 56,342 8,077 EL 052 0.40 012 101.57 7783 2364
Tarrant B 11,700 11,700 442 347 a5 5,171,400 4,059,900 1,111,500 728 055 043 012 6,413.36 5,009.35 1,404.00
[valler 4 23 23 338 292 44 7728 6716 1,012 728 053 0.4 012 1218 943 276
TOTAL 96,622 96,622 36,803 530 20,475 887 7427 543 51,431.14 39,836 50 11,594.64

Table 32: 2003 Annual and Peak-day Natural Gas Savings Due to

December 2003.

Energy Systems Laboratory, Texas A&M University

IECC / IRC for Single-family Residences by County.
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Annual Elec. Savings w/ 20% T&D Loss

(Single-Family Houses)
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Figure 56: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family

Residences by County Using eGRID.

Energy Systems Laboratory, Texas A&M University

December 2003.



TERP Technical Report p. 127

Annual NOx Emissions Reductions

(Single-family Houses)

Other Counties

HOTAVL
NVYW3IAHVH
NYW3100
DIOD
ad3am

[e]}E]
09OTvdIH
NOLIVHM
NVION
YAV
Sozvydg
NOY3INVO
L13X0080
S3Nor

NOS 14380y
TIINSYH
NNOH1VO
SIANIEO
H3AIE a3
ANOLSINIT
NOSY3IANIH
OINId Ovd
ONVT1
SNLIL
EEM[e} ELSle]
ONNOA
NINNVH
ANOLS33dL
dOOH
EINEIN £
TIIHOLIN
NVNN3TON
advm

0L

40.00

[

)

=

c

S

/S)

O

o

@

2

3]

9]

b

<

o°

c

@

o

c | c

@

=

=

T

=

®

c

o

=z

t t t T T

o o o o o o o o
=] =] =1 =1 s} S =] =1
e} = ] S 0 = 0 o
(] ] [ & — =

(1A/suo]) suononpay suoissiwg XON [enuuy

ey
Inysdn
13)1e M
uosiueH
ulpreH
UOS|IM
Jempred
abueio

siaquieyd
donseg
unws
19qred
uosiayer
uewyney
adnjepeng
uosuyor
RE]

puag Ho4
$929NN
skeH

([ ]
[ewod
elozelg
[NOEENED)
Kiawobiuopw
osed |3
UOSWEI||IM
uoeq
sinel]
Jexag
se|ea
oD
JueLel
sireH

County

Peak-day NOx Emissions Reductions

(Single-family Houses)

Other Counties

N0ie im0y

HOTAVL
NVYNIAQdVYH
NVIN3100
EN[ele]
gg3m

[e]}E]
097vaiH
NOLYVHM
NVION
YAV
SOzvyd
NOY3INWVO
113X00d0
S3NOC
NOSL1d380d
TIIASVYH
NNOHTVO
SANIEO
H3IAIY a3y
ANOLS3INIT
NOSY3IAN3IH
O1NId Ovd
ONVT1
SNLIL
EEMIO}E o]
ONNOA
NINNV4
ANOLS33dS
dOOH
JL13AVS
TI1FHOLIN
NVNNITOW
advym

| Non-attainment and Affected Counties |

L M

0.25

o
N
o

t
0
=
S

I
f
|

o

—

=)

;
[To)
=
[S)

0.00

(1A/suo]) suononpay suoissiwg XON Aep-sead

SN
inysdn
181
uosteH
uipreH
uos|iM
lI2mpres
abueio
BLOIA
Auegn
oued ues
bbaio
s1aquieyd
donseg
unws
19red
uosiayer
uewyney
adnrepen
uosuyor
si3

puag 1o
s999NN
sheH
Iremy20y
[ewo)
elozelg
UoISaARD)
Kiawobuopy
osed 3
uostwel|jim
uojua@
sinel]
rexag
sejleq
uloo
Juele]
sreH

County

Figure 57: Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Single-family Residences

by County Using eGRID.
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8.3  Calculated 2003 Emissions Reduction From Implementation of IECC / IRC to New Multi-family
Construction.

8.3.1 2003 Results for New Multi-family Residential Construction.

In this section of the report calculations are provided regarding the potential electricity reductions and
emissions reduction from the implementation of the IECC / IRC to new multi-family residences in the 38
non-attainment and affected counties. The procedures to accomplish this were previously outlined in
Section 6 of this report, and are the same as the procedures for the single-family calculations. First, new
construction activity by county had to be determined, then energy savings attributable to the IECC/IRC
had to be modeled using the code-traceable, DOE-2 simulation that the Laboratory has developed for the
TERP, then estimates of the NOx reduction potential from the electricity reductions in each county were
calculated using the EPA’s eGRID database™’.

The results of the new calculations are reported in Table 37 through Table 43 for new multi-family
residences, which were estimated to be constructed during 2003. In Table 37 the 1999 and IECC/IRC
code-compliant building characteristics are shown for each county for multi-family residential (i.e., Type
A.2). As previously discussed in Section 6, the 1999 building characteristics reflect those published by the
NAHB, ARI and GAMA for Texas. The IECC / IRC code-compliant characteristics are the minimum
building code characteristics required by the 1ECC / IRC for each county®*. In a similar fashion as single-
family residential, in Table 37 the rows are sorted first by the EPA’s non-attainment and affected
designation, then alphabetically. Next, in the third column, the IECC / IRC climate zone is listed for each
county, followed by the location of the TMY2 weather file, which was used in the simulation.

In difference to the single-family NAHB classifications of East and West, the NAHB survey for multi-
family construction practice in Texas is one classification for all of Texas™*2. Therefore, the fifth column in
Table 37 lists the average window area for all new multi-family construction in Texas, as defined by the
NAHB survey for 1999'. The sixth through ninth columns show the NAHB’s average glazing U-value,
Solar Heat Gain Coefficient (SHGC), roof insulation and wall insulation, respectively. In columns ten
through fourteen of Table 37 the corresponding values from the IECC / IRC code-compliant house are
listed for each county (i.e., % area, glazing U-value, SHGC, roof and wall insulation R-value). For each
county the identical window % area was used for the 1999 and IECC / IRC code-compliant calculation
(i.e., window-to-wall area). The IECC /IRC SHGC is 0.4 for all non-attainment and affected counties
since they all fall below the 3,500 HDDgs, as required by the IECC / IRC. All houses were assumed to
have an air conditioner efficiency** of SEER 11, a gas furnace efficiency (AFUE) of 0.80, and a domestic
water heater efficiency of 0.76. The values shown in Table 37 represent the only changes that were made
to the simulation to obtain the savings calculations. All other variables in the simulation remained the same
for the 1999 and 1ECC / IRC code compliant simulation'*®. In a similar fashion as the single-family
houses, in cases where the 1999 values were more efficient than the IECC / IRC code-compliant
simulation, the 1999 values were used in both simulations, since this indicates that the prevailing practice is
already above code. For example, in Brazoriza county, according to the NAHB, the roof insulation is R-
36.08, which is already above the code-required insulation of R-19. Therefore, R-36.08 was used in both
simulations.

19 I a similar fashion as the single-family calculations, this analysis does not include actual power transfers on the grid, and assumes
transmission and distribution losses of 20%. Counties were assigned to utility service districts as indicated previously.

1 As modified by the 2001 Supplement.

2 Therefore the “east” and “west” classifications are omitted from Table 37.

3 In a similar fashion as single-family residential, this value represents the NAHB’s reported number of window units times an
average window size of 3 x 5 feet, which was determined by surveying local building suppliers. Additional information about the
procedures used to determine these values can be found in Im (2003).

14 The choice of a SEER 11 efficiency for the air conditioner was based on ARI sales numbers for Texas which show an average
SEER 11 for houses built in 1999.

M5 For detailed listing of all variables, see Im (2003). For the results shown in this 2003 report a house shape similar to that shown in
Figure 21 was used with a floor area that was representative of the NAHB’s survey data for multi-family housing. Preliminary
results of simulations with multi-family housing with two or more stories indicates similar results. Therefore, for purposes of
reporting the 2003 values only, a simplified structure was used as shown in Figure 21. Future reports will include multifamily
structures that are more representative of typical multifamily structures such as those shown in Figure 23.
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In Table 38 the code-traceable simulation results are shown for each county. In a similar fashion as Table
37, this table is first divided into EPA affected and then non-attainment classifications, followed by an
alphabetical listing of counties. In the third column the IECC / IRC climate zone is listed followed by the
number of projected new multi-family housing units*'® in the fourth column. In the fifth and sixth columns
the simulated annual electricity use for multi-family residences with 1999 and IECC-compliant
characteristics is listed. This simulated electricity use in column five and six represent a multi-family
dwelling with characteristics shown in Table 37 simulated at the climate location shown in column 3.
Columns 7 and 8 are then the annual electricity savings per multi-family unit from the IECC code-
compliant simulation**’, and columns 9 and 10 are the total annual county-wide electricity use from the
new multi-family housing units, which is the result of the product of the annual electricity use per unit
times the number of expected housing units for each county. Column 11 is the annual county-wide
electricity savings resulting from the implementation of the IECC / IRC, which is followed by column 12,
which represents a fixed 1.2 multiplier times column 11 to account for the estimated 20% Transmission and
distribution loss (T&D).

In column 13 is the peak date of the TMY 2 weather data that was used for the peak-day calculation, which
represents the same peak date that was used for the Laboratory’s 2002 report for single-family residential
NOX reductions™®,

Columns 14 and 15 show the 1999 and IECC code-compliant peak-day electricity use for each multi-
family unit, respectively. Column 16 shows the peak day electricity savings per multi-family unit. Columns
17 and 18 show the 1999 and IECC code-compliant peak-day county-wide electricity use for all new
multi-family units in each county, respectively. Column 19 shows the peak day county-wide electricity
savings for all new multi-family units, and column 20 shows the peak day county-wide electricity savings
for all new multi-family units with the 1.2 multiplier applied to estimate T&D losses.

In Table 39 the county-wide annual electricity savings were then assigned to each PCA using the first
column shown in PUC’s PCA assignment tables shown in Table 17 and Table 18. The total value from
Table 39 for each PCA was then entered into the bottom row of Table 40, which represents the eGRID
utility database for all ERCOT PCAs. The far right column of Table 40 then represents the total annual tons
of NOx savings in each county from all the power plants for the PCAs in that county whose electricity use
was reduced by new multi-family units that were built to IECC code compliance. Table 41 contains the
2003 peak-day electricity savings from implementation of the IECC / IRC for each PCA, which is
calculated in a similar fashion as Table 39 using peak-day electricity savings. Table 42 contains the 2003
peak-day electricity savings from implementation of the IECC / IRC for each county, which is calculated
in a similar fashion as Table 40 using peak-day electricity savings Finally, Table 43 contains both the
2003, county-wide annual and 2003 peak-day electricity savings from implementation of the IECC / IRC.

Finally, Figure 58 and Figure 59 present the tabulated information previously shown in Table 37 through
Table 43. Figure 58 shows the county-wide annual (top), and peak-day (bottom) savings, and Figure 59
shows how the NOx emissions reduction are assigned to the different counties using eGRID.

In Table 44 the annual and peak-day natural gas savings are shown. These savings represent the simulated
natural gas reductions due to the implementation of the IECC / IRC, which include reductions in heating
energy use due to more efficient insulation, improved windows, and the elimination of the standing pilot
light in the furnace that serves the residence.

116 The number of projected new housing units uses the published values for the new multi-family housing units in 2002. A vacancy
rate of 0% was assumed for 2003 calculations, based on information suggested by the Real Estate Center at Texas A&M
University.

M7 Column 7 is expresses savings as a percentage of the total annual electricity use for each house. Column 8 shows the savings as
kWh/year for each multi-family unit.

18 This date is actually calculated by DOE-2 for each simulation, and can change from simulation to simulation. Therefore, for
continuity, the peak date has been fixed to be the date that was used for the Laboratory’s 2002 Annual Report to the TNRCC
(Haberl et al. 2002).
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8.3.2  Tracing the Savings to Individual Measures: Dallas County and Tarrant County.

In a similar fashion as the single-family housing, a sensitivity study was performed on two multi-family
units, one located in Harris County (i.e., Houston area), and one located in Tarrant County (i.e., Dallas/Ft.
Worth area). In this analysis, the simulations were repeated with each measure simulated separately and a
combined simulation with all measures. Results are shown for the annual and peak-day savings by fuel type
and NOx emissions reduction. This analysis is based on the standard house type used for the 2003
simulations for single-family residential as described™ in Table 37.

8.3.2.1  Harris County.

For multi-family units in Harris County (Table 33), which is climate zone 4, the average NAHB
characteristics for 1999 include 7.5% window-to-wall area, a glazing U-value of 0.75 Btu/ hr-ft>-°F, a solar
heat gain coefficient of 0.61, roof insulation of R-36.08 hr-ft>-°F/Btu, a wall insulation of R-21.41 hr-ft>-
°F/Btu, an air conditioning efficiency of SEER-11, and an AFUE of 80%. For the IECC-compliant house
in climate zone 4, a multi-family unit (i.e., Type A.2) with similar window-to-wall area as the 1999 average
house (i.e., 7.5%), is required to have a glazing U-value of 0.85 Btu/ hr-ft>-°F, a solar heat gain coefficient
of 0.40, a roof insulation R-value of 19.00 hr-ft-°F/Btu*®’, a wall insulation level of R-11 hr-ft*-°F/Btu, a
SEER-11 air conditioning efficiency, and an AFUE of 78%.

In Table 34, the results of the sensitivity analysis show that the average 1999 multi-family unit in Harris
county consumed 10,625 kWh/year of electricity and 220 therms/year of natural gas, which totaled 58.31
MBtu/year'?, and on a peak summer day consumed 39.26 kWh/day, and 0.53 therms/day of natural gas.
When the windows were upgraded to meet the code requirements (i.e., double-pane, low-e windows*??), the
annual electricity was reduced to 10,275 kWh/year (3.29% decrease), and gas use was increased to 223
therms/year (1.36% increase), which equaled a total combined energy use of 57.39 MBtu/year (1.58%
decrease). Since the average 1999 multi-family already had roof and wall insulation that exceed the code
requirement, the house was simulated with insulation levels that were similar to the average 1999 house
(i.e., no savings were calculated).

In Table 34 savings are shown for a code-compliant furnace that includes an electronic ignition (i.e., there
is no standing pilot light). In a similar fashion as single-family housing, this type of efficiency upgrade was
chosen based on conversations with several residential furnace manufacturers whose current equipment line
exclude standing pilot lights to meet the stricter 80% efficiency requirements of the IECC / IRC. When
resimulated with the pilot light eliminated, the annual gas use dropped to 177 therms/ year (19.55%
decrease), which amounts to a total energy use of 53.94 MBtu/year (7.49% decrease). Also, in a similar
fashion as single-family residential, on peak cooling days, the natural gas use is reduced to 0.41 therms/day
(22.64% decrease).

When the average 1999 multi-family unit in Harris county was simulated with both the efficient windows
and the electronic ignition the total annual electricity use was reduced to 10,275 kWh/year (3.29%
decrease), and gas use was reduced to 180 therms/year (18.18% decrease), with the total annual energy use
reduced to 53.02 MBtu/year (9.07% decrease).

119 The multi-family house is a 1,000 ft2, single-story house with slab-on-grade foundation and equal window areas on all four sides of
the house. The house has a two-car garage on the west side of the house and no significant shading. It contains an air conditioner
(SEER 11), a natural gas-fired furnace (AFUE 80%), and a natural gas-fired domestic water heater.

120 \Whenever the 1999 NAHB characteristics were shown to be above code, the 2000 IECC-code compliant house was simulated with
the same characteristics as the NAHB 1999 house, which indicated that the current practice in 1999 was already above code and
therefore no savings were expected from code-compliance.

121 This assumes 3,412 Btu/kWh for an electricity to Btu conversion and 100,000 Btu/therm. MBtu = million Btu, or 1 x 10° Btu.

122 |n the case of the multi-family housing in Harris county, the glazing U-value remained at 0.75, and the SHGC was reduced from
0.61 to 0.40.
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. Wall
Glazing Roof .
Area% | U-value | SHGC | Insulation '”(Sh”r'_?:{’” SEER 'A‘('E/SE
(Btu/ hr-ft?-°F) (hr-ft*-°F/Btu) *F/Btu)
1999 Average 7.5 0.75| 0.61 36.08 21.41 11 80
2000 IECC 7.5 0.85| 0.40 19.00 11.00 10 78

Table 33: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Multi-family Residential

in Harris County.

Annual Differenc | Annual Differenc E-Ir—grzly Differenc
Simulated House Elec. Use e N.G. Use e Use e
(KWhiyr) %) (Th?;m/y %) (M B)tu/yr %)
1999 Average House 10,625 - 220 - 58.31 -
1999 Average House W/ LOW- | 14 575 | 3999, 223 | -1.36% 5739 |  1.58%
e windows
ﬁgﬁ? Average House wio pilot | 44 655 | g 900 177| 1955% | 53.94|  7.49%
1999 Average House w/ all 10275 | 3.20% 180 | 18.18% | 5302| 9.07%
above
Peak-day Peak-day | nicrorence | PeAK0Y | pitarence
. Elec. Use N.G. Use
Simulated House 2002 (Thermiday
0, 0,
report) (KWh/day) (%) (%)
1999 Average House 39.26 - 0.53 -
1999 Average House w/ Low-¢ 37.62 4.18% 0.53 0.00%
windows 2129
ﬁgﬁ? Average House w/o pilot 39.26 0.00% 041  22.64%
1999 Average House w/ all above 37.62 4.18% 0.41 22.64%
Table 34: Annual and Peak-day Savings for Specific Measures for Multi-family Residential in Harris
County.
8.3.2.2  Tarrant County.

For multi-family units in Tarrant county (Table 33), which is climate zone 5, the average NAHB
characteristics for a 1999 multi-family unit include 7.5% window-to-wall area, a glazing U-value of 0.75
Btu/ hr-ft>-°F, a solar heat gain coefficient of 0.61, roof insulation R-value of 36.08 hr-ft>-°F/Btu, a wall

insulation of 21.41 hr-ft2-°F/Btu, an air conditioning efficiency of SEER-11, and an AFUE of 80%. For the
IECC-compliant multi-family unit in climate zone 5, a house with similar window-to-wall area as the 1999
average multi-family (i.e., 7.5%), is required to have a glazing U-value of 0.70 Btu/ hr-ft>-°F, a solar heat
gain coefficient of 0.40, a roof insulation R-value of 19.0 hr-ft>-°F/Btu'?*, a wall insulation level of R-11 hr-
ft’-°F/Btu, a SEER-11 air conditioning efficiency, and an AFUE of 78%.

123 \Whenever the 1999 NAHB characteristics were shown to be above code, the 2000 IECC-code compliant house was simulated with
the same characteristics as the NAHB multi-family 1999 unit, which indicated that the current practice in 1999 was already above
code and therefore no savings were expected from code-compliance.
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In Table 36, the results of the sensitivity analysis show that the average 1999 multi-family house in Tarrant
county consumed 10,322 kWh/year of electricity and 251 therms/year of natural gas, which totaled 60.34
MBtu/year, and on a peak summer day consumed 41.79 kWh/day, and 0.55 therms/day of natural gas.
When only the windows were upgraded to meet the code requirements (i.e., double-pane, low-e windows),
the annual electricity was reduced to 9,988 kWh/year (3.24% decrease), and gas use was increased to 256
therms/year (1.99% increase), which equaled a total combined energy use of 59.69 MBtu/year (1.08%
decrease).

In Table 36 the savings for the code-compliant furnace that includes an electronic ignition show the annual
gas use dropped to 208 therms/ year (17.13% decrease), which amounts to a total energy use of 55.98
MBtu/year (7.23% decrease). On peak cooling days, the natural gas use is reduced to 0.43 therms/day
(21.82% decrease).

When the average 1999 house in Tarrant county was simulated with efficient windows, improved roof
insulation and the electronic ignition the total annual electricity use was reduced to 9,988 kWh/year (3.24%
decrease), and gas use was reduced to 212 therms/year (15.54% decrease), with the total annual energy use
reduced to 55.33 MBtu/year (8.30% decrease).

Glazing Roof Wall AFUE

Area % U-value SHGC Insulation Insulation SEER (%)

(Btu/ hr-ft?-°F) (hr-ft2-°F/Btu) | (hr-ft>-°F/Btu) 0
1999 Average 75 0.75| 0.61 36.08 21.41 11 80
2000 IECC 7.5 0.70 | 0.40 19.00 11.00 10 78

Table 35: 1999 Average Vs IECC / IRC Input Values for Specific Measures for Multi-family Residential
in Tarrant County.

Annual Differenc | Annual Differenc E-Ir—lztrzly Differenc
Simulated House Elec. Use € N.G. Use € Use €
(Therm/yr

(KWhiyr) | (%) ) @) | (MBtuyr) | (%)

1999 Average House 10,322 - 251 - 60.34 -

1999 Average House w/

; 9,988 3.24% 256 -1.99% 59.69 1.08%
Low-e windows
1999 Average House w/o 10322 | 0.00% 208 | 17.13% 55.98 |  7.23%
pilot light
1999 Average House w/ all 9,988 |  3.24% 212 |  1554% 55.33 8.30%
above
Peak-day Peak-day | nicrorence | PeaK0Y | pitarence
. Elec. Use N.G. Use
Simulated House 2002 (Thermiday
0, 0,
pory) | (KWhiday) (%) ) (%)
1999 Average House 41.79 - 0.55 -
1999 Average House w/ Low-e 39.95 4.40% 055 0.00%
windows 299
ﬁgﬁ? Average House w/o pilot 41.79 0.00% 043 |  21.82%
1999 Average House w/ all above 39.95 4.40% 0.43 21.82%

Table 36: Annual and Peak-day Savings for Specific Measures for Multi-family Residential in
Tarrant County.
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8.3.3  Summary.

In summary, the implementation of the IECC / IRC in the non-attainment and affected counties is
calculated to have saved multi-family households from 321 to 390 kWh/unit annually (3.1 to 3.5% of
annual 1999 household electricity use), which would be $24 to $29 at 0.075 $/kWh. The total annual
electricity savings from the implementation of the IECC / IRC for the estimated 36,323 new multi-family
units built in the 38 non-attainment and affected counties is 15,273 MWh, for a cost savings of $1.1
million'®. On peak-days the IECC / IRC reduces multi-family household electricity use by 1.44 to 1.90
kWh/day (3.7 to 4.8% of 1999 peak day electric use), which reduces the total electricity production by
73.73 MWh for the 38 non-attainment and affected counties. Using eGRID, the electricity savings from the
implementation of the IECC / IRC translate to 22.18 tons of NOx reduction annually. On a peak-day, using
eGRID, the electricity reductions translate to 0.11 tons of NOXx for all the 38 non-attainment and affected
counties.

The natural gas savings from the implementation of the IECC / IRC in the non-attainment and affected
counties is calculated to have saved multi-family homeowners from 39 to 45 therms/unit annually (16 to
20% of the annual 1999 household natural gas use), which would be $23 to $27 (at 0.60 $/therm). The total
annual savings from the implementation of the IECC / IRC for the estimated 36,323 new multi-family
units built in the 38 non-attainment and affected counties is 1,448,051 therms (144,805 MMBtu) for a cost
savings of $0.86 million. On peak-days (i.e, peak cooling days) the IECC / IRC reduces multi-family
natural gas use by 0.12 therm/day (19 to 24% of the peak 1999 natural gas use), which reduces the total
natural gas required on peak days by 4,358 therms (435 MMBtu) for the 38 non-attainment and affected
counties. When combined with single-family, this amounts to an annual NOx reduction of 110.1 tons/year
(Table 45). On a peak-day in the cooling season, the natural gas reductions translate to 0.1978 tons of NOx
for all the 38 non-attainment and affected counties.

24 Calculated at 0.075 $/kWh.

December 2003. Energy Systems Laboratory, Texas A&M University



TERP Technical Report p. 134

1999 Average 2000 IECC
County Climate ™Y?2 Glazing Roof Wall Glazing Roof Wall
Zone Area % U-value SHGC Insulation | Insulation Area % U-value SHGC Insulation | Insulation
(Bt hr-12-F) (hr-ft2-F/Btu | chr-tt2-F/Btu) (Btus hr-ft2-F) (hr-tt2-F/Btu) |chr-ft2-FiBtu)
Brazoria 3|Haouston T5% 07s 061 36.08 2141 75% any 0.40 19.00 11.00
Chambers 4|Port Arthur T5% 07s 0E1 36.08 214 75% 085 040 19.00 11.00
Collin 5|Fort Warth T5% 0rs 061 36.08 2.1 5% 070 0.40 18.00 11.00
Dallas 5|Fort Wiorth 7.5% 07s 061 36.08 214 7.5% 07a 040 19.00 A1.00
Denton &|Fort Worth 75% 07s 061 36.08 214 75% 055 0.40 30.00 13.00
El Paso &|El Paso T5% 07s 061 36.08 2141 75% 055 040 30.00 13.00
Fort Bend 4|Houston T5% 07s 0E1 36.08 2141 75% 085 040 19.00 11.00
Hon- Galveston 3|Houston 7 5% 075 051 36.08 2.4 7 5% any 040 19.00 11.00
attainment |y, gin 4|Part Arthur 75% 07s 051 36.08 2.4 75% 085 0.40 19.00 11.00
Harris 4|Houston 75% 07s 061 36.08 214 75% 085 0.40 19.00 11.00
Jefferson 4|Port Arthur T5% 07s 061 36.08 2141 75% 085 040 19.00 11.00
Liberty 4|Port Arthur T5% 07s 0E1 36.08 2141 75% 085 040 19.00 11.00
Montgomeny 4|Houston T5% 0rs 061 36.08 2.4 75% 085 040 18.00 11.00
Orange 4|Part Arthur 75% 075 061 36.05 214 7 5% 085 040 19.00 11.00
Tarrant 5| Fort worth T5% 07s 061 36.08 2141 75% 070 0.40 19.00 11.00
(Waller 4|Houston T5% 07s 0E1 36.08 214 75% 085 040 19.00 11.00
Bastrop 4| Sustin T5% 0rs 061 36.08 2.1 5% 085 0.40 18.00 11.00
Bexar 4| San Artonio 7.5% 07s 061 36.08 214 7.5% 085 040 19.00 A1.00
Caldwell 4| Austin 75% 07s 061 36.08 214 75% 085 0.40 19.00 11.00
Comal 4| =an Artonio T5% 07s 061 36.08 2141 75% 085 040 19.00 11.00
Ellis 5|Fort worth T5% 07s 0E1 36.08 2141 75% ovo 040 19.00 11.00
Gregg &|Lufkin T5% 0rs 061 36.08 2.4 75% 0.55 040 30.00 13.00
Guadalupe 4| San Antonio 75% 075 061 36.05 214 7 5% 085 040 19.00 11.00
Harrison &|Lufkin T5% 07s 061 36.08 2141 75% 055 0.40 30.00 13.00
Hays 5| &ustin T5% 07s 0E1 36.08 214 75% o070 040 19.00 11.00
Johnson 5|Fort Warth T5% 0rs 061 36.08 2.1 5% 070 0.40 18.00 11.00
Affected i | Fort Wiorth 7.5% 07s 061 36.08 214 7.5% 0.55 040 30.00 13.00
Hueces 3| Corpus Christi 75% 075 061 36.08 214 75% any 040 19.00 11.00
Parker &|Fort worth T5% 07s 061 36.08 2141 75% 055 0.40 30.00 13.00
Rockwall &|Fort Worth T5% 07s 0E1 36.08 214 75% 055 040 30.00 13.00
Rusk 5|Lufkin T5% 0rs 061 36.08 2.1 5% 070 0.40 18.00 11.00
San Patricio 3| Corpus Christi 7 5% 075 061 36.08 21.41 5% any 0.40 19.00 11.00
Smith &|Lufkin 75% 07s 061 36.08 214 75% 070 0.40 19.00 11.00
Travis 5| Austin T5% 07s 061 36.08 2141 75% 070 040 19.00 11.00
Upshur &|Lufkin T5% 07s 0E1 36.08 2141 75% 055 040 30.00 13.00
Victoria 3| Victoria T5% 0rs 061 36.08 2.4 75% any 040 18.00 11.00
i | &ustin 75% 075 061 36.05 214 7 5% 07a 040 19.00 11.00
(Wilson 4| =an Artonio 7 5% 075 061 36.08 21.41 5% 085 0.40 19.00 11.00

Table 37: 1999 and IECC / IRC Code-compliant Building Characteristics Used in the DOE-2 Simulation
for Multi-family Residential.

December 2003. Energy Systems Laboratory, Texas A&M University
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Simulation Results for Multifamily Houses

2000 Total Peak-

2003 Total Peak-

2000 Annuasl 2003 Anuual Annual 2000 Total Annual (2003 Total Anuusl Total Annusl Total Annual Peak 2000 Pesk-clay | 2003 Pesk-cay Peak-tlay day day Peak-day Peak-day Elsctricity
Climste Mo, of Electricity Electricity Lse Electricity Use Elzctricity Electricty Use Electricty Use Electricity Savings Electricity Savings Date Elzctricity Electricty Use Electricity Electricity Usa Electricity Usa Electricity Sawings per Courty
Caunty projected | Use (Mhhihouse) | (KWhihouse) | Reductions from | Savings per | (MWh/County) (MG aurty) per Courty wi 20% | (2002 report | Use (KWvhvhouse) | (Rhhauss) | Savings per Savings per
Zone | it (2003) | (1999 Average | (The 200 JECC | Code Adoption House (1999 Average | (The 200 IECC per County TaD Loss 1or single (1969 Average | (The 200/ECC | House (MrhiCounty) | (M¥vhiCourty) Courty wi 20% TED Loss
Characteristics) | Characteristics) (KWhiHouse) | Characteristics) | Characteristics) (Mh/County) (hfAhCourty) tamily house) | Characteristics) |Characteristics) |(RWhHouzE) (7999 Average | (The 200 IECT (rvsh/Courty) (MhiCaurty)
Characteristics) | Characteristics)
Bastrop 4 88 10,779 10 406 346% 373 849 916 33 39 73 40 23 38 62 161 354 340 014 017
Bexar 4 2,552 10,785 10,396 3E1% 389 27,523 26,531 993 1,191 BI28 3876 3718 1.58 9392 9435 4.04 454
Caldweell 4 a 10,779 10 406 346% 373 a a 0 a 73 40 23 38 62 161 0.00 ooo 000 0.00
Comal 4 169 10,785 10,396 3E1% 369 1,823 1,757 66 79 Gi26 38.76 3718 1.58 6555 6.26 027 032
Elli= 5 838 10,322 9,988 324% 334 &850 8,370 280 336 7i29 4179 3985 154 3502 3348 154 185
Gregi 6 a 10,362 10,041 3.10% 321 a a ) a 7i2z2 39.78 3789 1.90 000 0.0a 000 000
Guadalupe 4 a 10,785 10,396 3B1% 389 a a 0 a Bi2G 3876 3718 158 000 0o onn 000
Harrison B a 10,362 10,041 3.10% 321 a a ) a 7id2 39.78 3789 1.90 000 oo o.oo 000
Harys: 5 411 10,779 10,411 341% 368 4,430 4,279 151 181 7i31 4023 3857 1.66 1653 1585 065 052
Johnison B 17 10,322 9,985 3.24% 334 175 170 B 7 7i2a 41.79 39.85 1.84 07 068 003 004
affected | fman [ 2 10,322 9088 324% 334 21 20 1 1 g 40,04 3921 173 008 008 000 0.00
Courty Nueces 3 253 11,265 10,875 346% 390 2850 2,751 a3 118 818 40 .88 3947 1.51 10.37 988 038 046
Parker 6 4 10,322 9935 3.24% 334 41 40 1 2 L] 40.94 39.21 1.73 016 016 0.01 0.0
Fockvall B a 10,322 3,988 324% 334 a a 0 a 819 40 84 3821 173 0.00 ooo 000 0.00
Rusk 5 2 10,323 9,991 3.22% 332 21 20 1 1 7i2z2 39,68 3785 1.73 00 008 000 000
San Patricio 3 G306 11,265 10,875 3A46% 390 3447 3,328 119 143 BiME 40 93 3947 1.51 12 54 1208 046 055
Smith 5 83 10,323 9,991 3.22% 332 837 G629 28 33 7i2z2 39,68 3785 1.73 329 315 014 017
Travis 5 5,348 10,779 10,411 341% 368 57 BAT 55,685 1,968 2,362 7i31 4023 38 57 166 21518 20633 886 10 63
Upshur B a 10,362 10,041 3.10% 321 a a ) a 7id2 39.78 3789 1.90 000 oo o.oo 000
Victaria 3 a 10,890 10,501 357% 389 a a 0 a a2 4212 40 54 157 000 0o onn 000
illiamsan B 32 10,779 10,411 341% 368 3,363 3,245 113 138 i3 40.23 3857 1.66 1255 1204 052 062
il=on 4 a 10,785 10,396 3E1% 389 a a ) a BI28 3876 3718 1.58 000 0.0a 000 000
Brazoria 3 343 10625 10,275 329% 350 3544 3,524 120 144 729 3926 3762 164 13.47 1291 056 DET
Chambers 4 a 10,524 10,171 3.35% 353 a a ) a an 3914 37.70 1.44 000 0.0a 000 000
Collin 5 732 10,322 3,988 324% 334 7556 7,31 244 293 819 40 84 3821 173 29 96 2870 126 152
Dallas 5 7,324 10,322 9,955 3.24% 334 73,595 73,152 2,446 2,935 7i29 41.79 39.85 1.64 30605 23259 1346 1616
Derton B 1,406 10,322 9,935 324% 334 14515 14,043 470 564 819 40 94 3821 173 57 55 5515 243 2482
El Paso 6 231 10,186 9,634 3.46% 352 2,557 2,466 ] 106 Hz 38,48 3663 1.64 966 a.20 045 056
Mor- Fort Bend 4 a 10,625 10,275 329% 350 a a 0 a 7i29 3926 3787 159 000 0o onn 000
attainment alveston 3 52 10,625 10,275 3.29% 320 993 534 18 22 7i2a 39.26 37 62 1.64 204 1.96 009 010
Harcin 4 a 10,524 10,171 3.35% 353 a a 0 a an 3914 3770 1.44 000 0o onn 000
Courty Harris 4 1,287 10,625 10,275 3.29% 320 119,924 115,974 3,950 4,741 7i2a 39.26 3767 1.59 44316 425,23 17.94 2152
Jefterzon 4 94 10,524 10,171 3.35% 353 959 956 33 40 an 3914 37.70 1.44 368 354 013 016
Liberty 4 a 10,524 10,171 3.35% 353 a a ) a an 3314 3770 1.44 000 oo o.oo 000
Montoomery 4 536 10,625 10,275 3.29% 350 5,595 5,507 188 225 7i29 39.26 3TET 1.59 21.04 2019 035 1.02
Orange 4 a 10,524 10171 335% 353 a a 0 a an 3914 3770 144 0.00 ooo 000 0.00
Tarrart 5 3,729 10,322 9,955 3.24% 334 35,491 37,245 1,245 1,495 7i29 41.79 39.85 1.64 135 .54 148.97 687 .24
Wialler 4 183 10 525 10,275 329% 350 1944 1,880 B4 i 7129 3926 3767 1.59 718 689 029 035
TOTAL 36,323 383,271 370,543 12,727 15,273 1,465.21 140377 6144 7173

Table 38: 2003 Annual and Peak-day Electricity Savings From Implementation of the IECC / IRC for Multi-family Residences.

December 2003.

Energy Systems Laboratory, Texas A&M University
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Annual Electricity Use by PCA for Multifamily House
Totar Totar |
Energy Energy
Nonattainment Savings by| Savings by
and Affected Electric Retail NERC County PCA
Counties Service Area Power Control Area Region [ (MWh) (MWh)
Travis Austin Energy Austin Energy/PCA ERCOT 2,362.1
Austin Energy/PCA 2,362.1
Nueces American Electric Power West 118.4
CRI (ERCOT)/PCA ERCOT
San Patricio American Electric Power West 143.2
CRI (ERCOT)/PCA ERCOT
Victoria American Electric Power West 0.0
CRI (ERCOT)/PCA ERCOT
Amerlca(r:zglgcot_rli;:/:gvAverWest 261.6
Bastrop Lower Colorado River Authority/PCA ERCOT 39.4
Caldwell Lower Colorado River Authority/PCA ERCOT 0.0
Comal Lower Colorado River Authority/PCA ERCOT 78.9
Guadalupe Lower Colorado River Authority/PCA ERCOT 0.0
Hays Lower Colorado River Authority/PCA ERCOT 181.5
Wilson Lower Colorado River Authority/PCA ERCOT 0.0
Lower Colorado River Authority/PCA 299.8
Brazoria Reliant Energy 144.1
HL&P Reliant Energy HL&P/PCA ERCOT
Fort Bend Reliant Energy 0.0
HL&P Reliant Energy HL&P/PCA ERCOT
Galveston Reliant Energy 21.8
HL&P Reliant Energy HL&P/PCA ERCOT
Harris Reliant Energy 4,740.5
HL&P Reliant Energy HL&P/PCA ERCOT
Waller Reliant Energy 76.9
HL&P Reliant Energy HL&P/PCA ERCOT
Reliant Energy HL&P/PCA 4,983.3
San Antonio
Bexar Public Service Bd San Antonio Public Service Bd/PCA ERCOT 11913
San Antonio Public Service Bd/PCA 1,191.3
Ellis TXU TXU Electric/PCA ERCOT 335.9
Johnson TXU TXU Electric/PCA ERCOT 6.8
Kaufman TXU TXU Electric/PCA ERCOT 0.8
Parker TXU TXU Electric/PCA ERCOT 1.6
Rockwall TXU TXU Electric/PCA ERCOT 0.0
Smith TXU TXU Electric/PCA ERCOT 33.1
Williamson TXU TXU Electric/PCA ERCOT 137.8
Collin TXU TXU Electric/PCA ERCOT 293.4
Dallas TXU TXU Electric/PCA ERCOT 2,935.5
Denton TXU TXU Electric/PCA ERCOT 563.5
Tarrant TXU TXU Electric/PCA ERCOT 1,494.6
TXU Electric/PCA 5,802.9
Chambers EGS Entergy Electric System/PCA SERC 0.0
Hardin EGS Entergy Electric System/PCA SERC 0.0
Jefferson EGS Entergy Electric System/PCA SERC 39.8
Liberty EGS Entergy Electric System/PCA SERC 0.0
Montgomery EGS Entergy Electric System/PCA SERC 225.1
Orange EGS Entergy Electric System/PCA SERC 0.0
Entergy Electric System/PCA 264.9
EL PASO
El Paso Electric Company El Paso Electric Co/PCA WSCC 106.0
El Paso Electric Co/PCA 106.0
Gregg SWEPCO Southwestern Public Service Co/PCA SPP 0.0

Table 39: 2003 Totalized Annual Electricity Savings From IECC / IRC by PCA for Multi-family
Residences.

December 2003. Energy Systems Laboratory, Texas A&M University
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Table 40: 2003 Annual NOx Reductions From IECC / IRC by PCA for Multi-family Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Peak-day Electricity Use by PCA for Multifamily House
Totar Totar |
Energy Energy
Nonattainment Savings by| Savings by
and Affected Electric Retail NERC County PCA
Counties Service Area Power Control Area Region (MWh) (MWh)
Travis Austin Energy Austin Energy/PCA ERCOT 10.6
Austin Energy/PCA 10.6
Nueces American Electric Power West 0.5
CRI (ERCOT)/PCA ERCOT
San Patricio American Electric Power West 0.6
CRI (ERCOT)/PCA ERCOT
Victoria American Electric Power West 0.0
CRI (ERCOT)/PCA ERCOT
American Electric Power West 1.0
(ERCOT)/PCA
Bastrop Lower Colorado River Authority/PCA | ERCOT 0.2
Caldwell Lower Colorado River Authority/PCA ERCOT 0.0
Comal Lower Colorado River Authority/PCA ERCOT 0.3
Guadalupe Lower Colorado River Authority/PCA | ERCOT 0.0
Hays Lower Colorado River Authority/PCA ERCOT 0.8
Wilson Lower Colorado River Authority/PCA ERCOT 0.0
Lower Colorado River Authority/PCA 1.3
Brazoria Reliant Energy 0.7
HL&P Reliant Energy HL&P/PCA ERCOT
Fort Bend Reliant Energy 0.0
HL&P Reliant Energy HL&P/PCA ERCOT
Galveston Reliant Energy 0.1
HL&P Reliant Energy HL&P/PCA ERCOT
Harris Reliant Energy 21.5
HL&P Reliant Energy HL&P/PCA ERCOT
Waller Reliant Energy 0.3
HL&P Reliant Energy HL&P/PCA ERCOT
Reliant Energy HL&P/PCA 22.6
Bexar Sz?\n Antqnio 48
Public Service Bd San Antonio Public Service BA/PCA__ | ERCOT i
San Antonio Public Service Bd/PCA 4.8
Ellis TXU TXU Electric/PCA ERCOT 1.9
Johnson TXU TXU Electric/PCA ERCOT 0.0
Kaufman TXU TXU Electric/PCA ERCOT 0.0
Parker TXU TXU Electric/PCA ERCOT 0.0
Rockwall TXU TXU Electric/PCA ERCOT 0.0
Smith TXU TXU Electric/PCA ERCOT 0.2
Williamson TXU TXU Electric/PCA ERCOT 0.6
Collin TXU TXU Electric/PCA ERCOT 15
Dallas TXU TXU Electric/PCA ERCOT 16.2
Denton TXU TXU Electric/PCA ERCOT 2.9
Tarrant TXU TXU Electric/PCA ERCOT 8.2
TXU Electric/PCA 31.5
Chambers EGS Entergy Electric System/PCA SERC 0.0
Hardin EGS Entergy Electric System/PCA SERC 0.0
Jefferson EGS Entergy Electric System/PCA SERC 0.2
Liberty EGS Entergy Electric System/PCA SERC 0.0
Montgomery EGS Entergy Electric System/PCA SERC 1.0
Orange EGS Entergy Electric System/PCA SERC 0.0
Entergy Electric System/PCA 1.2
EL PASO
El Paso Electric Company El Paso Electric Co/PCA WSsCC 0.6
El Paso Electric Co/PCA 0.6
Gregg SWEPCO Southwestern Public Service Co/PCA SPP 0.0

Table 41: 2003 Totalized Peak-day Electricity Savings From IECC / IRC by PCA for Multi-family
Residences

December 2003. Energy Systems Laboratory, Texas A&M University
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Peak-day NOx Emissions Reductions Calculations for Multifamily Houses
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Table 42; 2003 Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Annual and Peak-day Electricity and NOx emissions reductions
Using eGRID Method (For Multifamily Houses)
Peak-day
T“‘.EI.A""“.I Annual Nox Electricity P%k’day Moz
Electricity Savings " - Reductions
Reductions Calculated Savings per .
County per County w/ 20% : Calculated Using
using eGRID County w/ 20%
TaD Loss (Tons) T&D Loss eGRID
{MWh/County) (MWh/County) (Tons)
Bastrop 39 0.28 017 0.0013
Bexar 1,191 1.33 4.84 0.0055
Caldwell o 0.00 0.00 0.0000
Comal i) 0.00 032 0.0000
Ellis 33 0.00 1.85 0.0000
Gregg 1] 0.00 0.00 0.0000
Guadalupe 1] 0.00 0.00 0.0000
Harrison 1] 0.00 o.oo (0.0000
Hays 181 0.00 0.82 0.0000
N Johnson 7 0.00 0.04 0.0000
o aufman 1 0.00 0.0 0.0000
attainment
Countiss |uECes g 0.23 0.46 0.0011
Parker 2 0.00 0.01 0.0000
Rockwall 1] 0.00 0.00 0.0000
Rusk 1 0.22 0.00 0.0012
San Patricia 143 0.00 055 0.0000
Srith 33 0.00 017 0.0000
Travis 2,362 0.55 1063 0.0025
Upshur 1] 0.00 0.00 0.0000
Victoria 1] 0.08 0.00 0.0004
Williamson 138 0.00 0.62 0.0000
Wilsomn 1] 0.00 0.0 (0.0000
Brazoria 144 0.14 067 0.0005
Charmbers o 1.03 0.00 0.0050
Callin 293 0.10 1.52 0.0005
Dallas 2935 1.65 16.18 0.0088
Denton 564 0.04 252 0.0002
El Paso 106 0.00 0.56 0.0000
Fort Bend 0 317 0.00 0.0146
Affected | Galveston 22 1.22 0.10 0.0055
Counties |Hardin 0 0.00 0.00 0.0000
Harris 4741 1.28 21.52 0.0059
Jefferson 40 0.00 0.16 0.0000
Liberty 1] 0.00 0.00 0.0000
Muontgomery 225 0.00 102 0.0000
Qrange o 0.00 0.00 0.0000
Tarrant 1495 1.07 524 0.0057
Waller 7 0.00 0.35 0.0000
WWARD 1.63 0.0087
MWCLEMMNAN 1.28 0.0068
MITCHELL 1.25 0.0067
FAVETTE 1.35 0.0081
HOOD 0.70 0.0037
FREESTONE 0.70 0.0037
FAMNNIM 0.55 0.0029
FOUNG 0.52 0.0028
CHEROKEE 0.31 0.0018
TITUS 0.31 0.0018
LLAND 0.18 0.0003
PALD PINTO 0.1 0.0008
HEMDERSON 0.0 0.0005
LIMESTONE 0.14 0.0008
RED RIWER 0.08 0.0003
GRIMES 0.07 0.0003
Other
Countigs [ALHOUN 0.06 0.0003
HASKELL 0.0 0.0002
ROBERTSON 0.05 0.0003
JOMES 0.05 0.0002
CROCKETT 0.058 0.0002
CAMERON 0.08 0.0002
BRAZOS 0.04 0.0002
LAMAR 0.03 0.0002
NOLAN 0.03 0.0002
WHARTON 0.02 0.0001
HIDALGO 0.02 0.0001
FRIO 0.0 0.0000
WWEBDB 0.1 0.0000
COKE 0.00 0.0000
COLEMAN 0.00 0.0000
HARDEMAN 0.00 0.0000
TAYLOR 0.00 0.0000
Total 22.18 0.1030

Table 43: 2003 Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family
Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Simulation Results for Multifamily Houses

2000 Annusl

2000 Peak-day

2000 Total Peak-

2003 Total Peak-

o, of Matural Gas N:ti?:l gl;l;ujlse Annual Matrusl zﬁsti;?tgla:rg::l 23;:::;‘;'5:”&::' Tatal Annual Matural Peak Matural Gas :antai;?:s-fge Nl:fr:d;:s day clary Peak-day Matural
County Climate projected Usze [Thermhouse) Gas Savinos per (ThenmiCourty) (ThermiCourty) Gas Savings per Dite Use (Thermihouse) Savings per Matural Gas Use | Natural Gas Use | Gas Savings per
Zone || its (zongy | CTRErmousel | o e iEC House (1999 Average | (The 200 JECC County (2002 Reparty | CIPEMROUSE) | o 00 iEC T House (ThermiCourty) | (Therm/Courty) Courty
(1999 Average (ThermMHouse) (Therm/County) (1999 Average (1999 Average (The 2000 JECC (hhhiCounty)
Characteristics) Characteristics) Characteristics) | Characteristics) Characteristics) Characteristics) |(ThermMHouse) Characteristios) | Characteristics)
Bastrop 4 &3 228 188 40 20,064 16,544 3,520 7iz1 053 041 012 46 47 3591 1056
Bewxar &4 2,952 220 180 40 561,440 458,360 102,080 Bi28 0.51 039 012 1,304 44 998.20 306.24
Caldvell 4 0 228 188 40 o 0 o i3 0.53 0.41 012 0.00 0.00 0.00
Comal 4 169 220 180 40 37180 30,420 6,760 i28 051 039 012 G638 BEA0 2028
Ellis B 833 251 212 29 210,335 177 B56 32,682 728 055 043 012 459 35 358.79 100.56
Greoy 1 a 230 185 45 a a a Ti2z nss 043 012 onon onon oon
Guadalupe &4 L} 220 180 40 o L} o Bi28 0.51 039 012 o000 0.00 0.00
Harrizon B 0 230 185 45 o 0 o Ti22 055 043 012 0.00 0.00 0.00
Hary= S 411 228 187 41 93,708 76,857 16,851 i3 0.53 0.41 012 217.02 167.70 49.32
Johnson B 17 251 212 29 4267 3,604 BE3 728 055 043 012 832 728 204
affected [ antman 6 2 251 212 E 502 424 7a B 053 041 012 105 081 024
Courty Mueces 3 253 200 157 43 50,600 39,721 10,879 8i1a 0.51 039 012 128.02 97 66 30.36
Parker 1 4 251 212 38 1,004 G543 156 &M 053 041 012 21 163 045
Rockwall B L} 251 212 39 o L} o 819 0.53 0.41 012 o000 0.00 0.00
Fusk B 2 230 188 41 480 378 52 Ti22 055 043 012 1.08 085 024
San Patricio 3 306 200 1587 43 &1,200 45,042 13,158 &ME 051 039 012 154 54 11812 3672
Smith B 83 230 188 41 189,090 15,687 3403 Ti22 055 043 012 45 26 35.30 996
Travis B 5,348 228 187 41 1219572 1,000,263 218,309 7iz1 053 041 012 23824 438 218260 64185
Upshur B L} 230 185 45 o L} o Ti22 055 043 012 o000 0.00 0.00
Victoria 3 0 209 167 42 o 0 o a/2 0.50 035 012 0.00 0.00 0.00
Williamson S 32 228 187 41 71136 58,344 12,792 i3 0.53 0.41 012 16475 12731 37 44
Wilzan 4 0 220 180 40 o 0 o 8126 051 0.38 012 0.00 0.00 0.00
Brazatia 3 343 220 180 40 75460 61,740 13,720 7iz2a 053 041 012 181 84 140 B3 4116
Chambers &4 L} 219 178 41 o L} o M 052 040 012 o000 0.00 0.00
Collin B 732 251 212 38 183,732 155,184 28,548 &M 053 041 012 3E6.01 28817 &7 84
Diallas S 7,324 251 212 39 1,838,324 1,992 668 285,636 7iz9 055 043 012 4,014 67 3,135.79 878.88
Dertan B 1,408 251 212 29 352 806 298,072 54,834 4k 0.53 0.41 012 74143 57271 16572
El Paso 1 251 244 188 45 61,244 48,943 11,285 Tz oe1 0439 012 15259 12247 3012
Man- Fort Bend 4 0 220 180 40 o 0 o 728 0.53 0.41 012 0.00 0.00 0.00
sttainment Galveston 3 a2 220 180 40 11,440 9,360 2,080 7iz2a 053 041 012 2757 2133 624
Harclin &4 L} 219 178 41 o L} o M 052 040 012 o000 0.00 0.00
County Harris 4 11,287 220 180 40 2,483,140 2,031 660 451 480 728 0.53 0.41 012 5,953.84 462940 1,354 .44
Jefterson &4 94 219 178 41 20,586 16,732 3,854 M 052 040 012 4847 3719 11.28
Liberty 4 0 214 178 41 o 0 o an 052 0.40 012 0.00 0.00 0.00
Montgomery 4 536 220 180 40 117,820 96,480 21,440 7iz2a 053 041 012 28416 21984 6432
Crange &4 L} 219 178 41 o L} o M 052 040 012 o000 0.00 0.00
Tarrant B 3728 251 212 38 935,874 740,543 145,431 7iz2a nss 043 012 2,044 06 1,586 55 447 45
Waller &4 183 220 180 40 40,260 32,940 7,320 7iz9 0.53 0.41 012 97.02 7506 2186
TOTAL 36,323 5,471,952 702350 1,448,051 19,406 24 15,047 45 4,358.76

Table 44; 2003 Annual and Peak-day Natural Gas Savings Due to IECC / IRC for Multi-family Residences by County.

December 2003.

Energy Systems Laboratory, Texas A&M University
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Figure 58: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Multi-family

Residences by County Using eGRID.

Energy Systems Laboratory, Texas A&M University

December 2003.
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Figure 59: Annual and Peak-day NOx Reductions From IECC / IRC by PCA for Multi-family Residences

by County Using eGRID.

Energy Systems Laboratory, Texas A&M University

December 2003.
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8.4  Calculated 2003 Emissions Reduction From Electricity and Natural Gas Savings Due to the
Implementation of the IECC / IRC to New Residential Construction (Single-family and Multi-
family).

In Table 45 the combined NOx emissions reduction are listed from single-family electricity savings, multi-
family electricity savings, and natural gas savings (single-family and multi-family). In Figure 60 and Figure
61 the annual and peak-day electricity savings are shown for the combined single-family and multi-family
savings. Figure 62 and Figure 63 present the combined total NOx reductions from electricity and natural
gas savings in single-family and multi-family households in the 38 non-attainment and affected counties,
and those counties calculated by eGRID to have electricity power production facilities.

The total NOx reductions from electricity and natural gas savings from new construction in 2003 are
calculated to be 472.67 tons NOx/year, which represents 340.43 tons NOx/year (72.0%) from single-family
residential, 22.18 tons NOx/year (4.7%) from multi-family residential, and 110.06 tons NOx/year (23.3%)
from natural gas savings from single-family and multi-family residential. On a peak summer day the NOx
reductions in 2003 are calculated to be 2.44 tons of NOx/day, which represents 2.13 tons NOx/day (87.3%)
from single-family residential, 0.11 tons NOx/day (4.5%) from multi-family residential, and 0.198 tons
NOx/day (8.2%) from natural gas savings from single-family and multi-family residential.

In Figure 62 and Figure 63 it is worth pointing out that the comparative magnitude of the annual and peak-
day NOx emissions reduction from natural gas compared to savings from electricity vary significantly, as is
expected since the annual savings include heating period NOx emissions reduction, and the peak-day (i.e.,
cooling) savings include only those savings associated with the elimination of pilot lights. This can be
identified by comparing the size of the natural gas portion of the stacked-bar figure for each county. In the
annual NOx reduction graph (Figure 62) this portion is about the same size as the contribution from
electricity savings in non-attainment and affected counties. Whereas, the natural gas portion of the peak-
day savings (Figure 63) is significantly smaller. Furthermore, the savings from the natural gas reductions
remain in the counties where the houses are built (i.e., they are not distributed to other counties using
eGRID as were the electricity savings).

December 2003. Energy Systems Laboratory, Texas A&M University
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Figure 60: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family
and Multi-family Residences by County Using eGRID.

December 2003. Energy Systems Laboratory, Texas A&M University
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Figure 61: 2003 Annual and Peak-day Electricity Reductions From IECC / IRC by PCA for Single-family
and Multi-family Residences by County Using eGRID.
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Figure 62: 2003 Annual NOx Reductions From Electricity and Natural Gas Savings Due to the IECC /IRC
for Single-family and Multi-family Residences by County.

December 2003. Energy Systems Laboratory, Texas A&M University
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Figure 63: 2003 Peak Day NOx Reductions From Electricity and Natural Gas Savings Due to the IECC/

IRC for Single-family and Multi-family Residences by County.

Energy Systems Laboratory, Texas A&M University
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()

Texas Residential Building Envelope Requirements
Simplified Prescriptive Paths for Envelope compliance with the International Residential Code (IRC 2000)

()

Glazing and Insulation

Foundation Type

3 o Cranl
Clirnate Slazing Ceiling  Nlall Bazemert  Slak Space
ZOhe Path || Area% U-Factor SHSCT Floor Wl Perimeter  Wlall
9 1 15 A5 IS R-Z2 R-13 R-19 R-2 R-5, 2t R-11
4,000- 2 20 a7 IS R-28 R-13 R-19 R-8 R-6, 2t R-13
4,493 HODY| 3 25 27 Mis F-Z2 R-1%2 R-12 R-2 R-G, 21t R-13
B 1 15 ali] MHEs R-20 R-13 R-19 R-2 R-5, 21t R-10
2 500- 2 20 vl HIS R-328 R-13 R-19 R-8 R-6, 21 R-10
29493 joo|| 2 25 41 Mg R-28 R-19 R-19 R-2 R-8,Zft  R-10
T 1 15 A5 .40 R-Z20  R-13 R-19 R-T7 R-4, 2t  R-2
2 000- z 20 A5 &40 R38 R12 || B8 RT R-0 R-2
3493 Hool| 2 25 45 40 R-22 R-19 || R-19 R-7 R-0 R-2
6 1 15 GO 40 R-20 R-13 R-19 R-G R4, 2t RB-7
2 500 2 || =20 50 40 R-38 RAZ || R RE R-0 R-7
2 993 Hoo|| 2 Z26 A5 A0 F-28 FR-16 || R-12 FR6 -0 R-7
5 1 15 flaii] A0 R-20  R-13 R-11 R-5 R-0 R-G
Z.000- 2 20 A2 40 R-Z28 R-13 R-11 R-5 R-0O R-6
2 493 HOO|| 2 25 A0 A0 R-28 FR-12 || R-12 ER-& -0 R-10
4 1 15 il .40 R-Z6 R-13 R-11 R-5 R-0 R-5
1.500- 2 20 f=ii] A0 R-20  R-13 R-11 R-5 R-0 R-5
1993 ool 3 25 52 40 R-30 R-13 || R-13 RE R-0 R-6
3 1 15 i) .40 R-12  R-11 R-11  R-0O R-0 R-&
1.000- z 20 70 A0 R-30 R-12 || R-11 RO R-0 R-5
1,499 HOD =2 25 S5 40 R-20 R-13 R-11 R-0 R-0O R-5
2 1 15 80 40 R-19 R-11 R-11 R-0O R-0O R-<
S00- 2 20 i) 0 R-20  R-13 R-11  R-0O R-0 R-
9393 HODO 3 25 flatal 40 R-20 R-13 R-11 R-0 R-0O R-<

'S me 3us " wotZpecied . CACIEN0NE dove g IECC Chap. 4 We 3 SHGC of 63107 the £ B adan care.
2The map b IRC Figare RIO. 26 hdicates that park ot Texas qualily 2 areas of "ue ny heawy” &m e ksiaton
probaEblity. U pder 3n enception v the IRC, the 2130 permeter i EHon requiementn thie path may be 3uokkd.
Tomake wge orthl e ocepdon and sl comphy with the Code, abalider mas tage |ECC Sector SO2.2.1.4, IBCC
Sector SO022 .4, or IECC Chapkr 4, iFead oTthk path.
FHOD = He g Deqree Oy

[ 12001 Texas Engineering Experiment Station - Energy Systems Lab - Texas ASM University System[ - )

Hotes:

1.Thi= table of building emeelope requirement = is bazed upon
the 2000 Intemaional Residential Code (1RC), publizhed
by the Intemational Code Council.

2.The |RC prescriptive re%uira'nems are applicable to homes
with glazing areas of 15 % and below. For homes designed
with glazirg%_ar\eas gregerthan 15 %, the IRC incorporates
the Intemational Ene Consensaion Code ECEI-S by
reference, which contaire addtional prescrpoive and

erfomance-relaed complianze akematines.

3. Source of requirements: EI?IZIIZI IRC, Ch. 11 (upto 15% anbh

and 2000 |BCC, Ch. 5, Prescrptive Packages for Climate

nes 2-9.

4. Window area %, U-factor, and SHGC are masimum
acceptable levels. o

4. Inzulation R-values are minirmum acceptable levels,

f. Applies to single-family, wood-frame residential construction,
anly. Formazsz wall construction, see IRC Sedion

m 18%} .}.é:forsteel-fm'ned walls, see [RC Section

¥."Glazing " refers to amy translucent ortr@ansparent matenal
n exterior openings of building=, including windows,
shylight=, =liding %Iass doors, the glass areas of opaque
doiors, and glas=s Block.

2. Fenestration product (window, door, Iazing? L-factor and
SHGC must be detemined from a Hational Fenestration
Fating Council ﬁNFRC%IabeI onthe product, or obtained
from default tables (1ECC Table 102.5.203%)in Chapter 1.

9. Glazing area % isthe raio ofthe area of the rough opening
of windoms tothe gross wall area, expressed 2 a
percentage. Upto one pement of the total window area
may be exempt from the U-factor requirement.

10. Opaque doors are not considerad glazing (or “windows")
and must hawe a3 maximum U-factorof 02345, One exempt
door allowed.

11, Infitration requirements : Windows 2 020 ofn per sq.ft. of
window area; doors £ 0,30 ofim per sq.ft. of door area
(swinging doors below 0.50 cfm); detemined in
accordance with Ashd®aiiDhds 10140, 5.2 (must be tested
and labeled in accordance with A5Thd E 2237,

12.R-2 =hall be addedtothe requirements for slab insulaion
where uninsulated hot water pipes, air distnbotion ducts or
electric heating cables are inztallad in or underthe slab.

13, Floors ower out=side airmust meet ceiling insulaion
requirements. . i

14. R-wvalues for walls represent the sum of caviby insulation
E‘Ius insulated sheathing, if any. 4

15. rescgmn.ne packages are bazed upon meeting or
exceading minimum equipment efficiencies for HWAC and
water heating (JECC Table 503.2).

Figure 64: Example of the Laboratory’s Builder’s Guide available for distribution via the web and on laminated cardstock (page 1).
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(=) Texas Residential Building Guide to Energy Code Compliance (=)
International Residential Code (IRC 2000) and International Energy Conservation Code (IECC Z2000)
Intemational Residential Code and Intemaional Enengy Consenvation Code as of gy 1, 2001 Texas Bdition 2001, Revision 001

How to Use This Guide Texas Counties by Climate Zones
Iﬁgﬂ%:gfﬁg"ﬁ:hﬁ ;é?shf?ﬁfgfgﬁ'_ldg)d Iz the color-coded map of Texas to locate a county. The reverse side of this form shows three
designed to simplify determination of the prescriptive paths for the selected Climate Zone.
envelope requirements of the International
Fesidential Code (IRC 2000, Chapter 117 |9 4000 - 4453 HOD L 4 1,500 - 1355 HOD
ar the International Energy Conservation AmEroeg  Haestond Ok an bt sty Grimes miEm
Code (IECC 20000 for Texas. Refer to the Balky Hal Pamer TERT Aastop Gradalpe  Morigomeny
IRC 2000 o IECT 2000 for a complete a0 S e L R Te e | R Hardly Omige
description of all the requirements and DalEm Lscamb” Robe | BN T EEEENRRG Birkson  Jefierson  Sa Jachi
complianee alternatives. Local Ceat = Ith e Sherman SN k= Caidwell Elney U3l
requirements may also wary. Each cournty Gy O free Wheekr LTI 1T Ja Ao E;?:lnﬁl':aecrls ngaca Eliéerrde
iz assigned to one of the eight zones, . M SRR
whichwarny according to the different B 3,500 - 3,399 HOD L ik ; ! Eg“re?jlge h?ﬁ?‘.;. mhirngtn
climate zones in Texas. g'“i':’:'e Hall i [= b ) FortBesd  Medha 1Nt
v ARl Ul . . 4 F Gonzaks
Etep-b'p'-Step Instructions ':'F':'"e Sﬁ?ﬁ[
1. Use the color-coded map to locate the Hal “foakam HOD = 3 1,000 - 1453 HOD
county in which the construction or Heatig SRR Galkston  McHilk
remodeling is taking place and find the T 3,000 - 3453 HOD 3*9’“ .;.Ecma JG;:-C!EIM g;%n&s
fl:lgzit;uione (2 through 3) azsociated with ';;c\:;: E.Eeﬁ.s H".;m'w 5 El'd S Rl %am:l:-
2 Lo e of Building Envelope Borde Gales  Soamy e R A vmmgﬁ
Requirements" (on the bads of thiz sheet) g'"ﬂm ﬁ:ﬁmm fg;;'ﬂ" g:gzml :f"-dwm :g?kw Dt I'.'Ilgebgarlé ik arce
to find the set of construction options or 3 orda El
"paths' associated with the climate zone Coriaema Eﬁ; ﬁﬁ;gﬁ SanaelaB ooy et L NSRS
selected abowe, Each path describes an Cregby [P B o Re:% 2 :
acceptable combination of enwelope e T3] Lubbock Bosi e JaEper Rikiek 00 - 533 HOO
components based on percent glazed 6 Arewsier  Jokason Rusk B rociks Jim Higg =tarr
area. 2,500 - 2,399 HOO B ok kel iy Caneror bewedy ey
3. Reviewthe paths andselectthe one most | audrews Greg Pak Plita Bariet kT 3k A NgEtie Hidalgo Kb 1g ZFas
suited toyour projed . Ig-:nla.laleI nar{‘ Icil Pﬁarlher giirohee Em:-le g:fgﬁ:a
d. Construct ar remodel the buildin EL-IEL] arke dlhE akman mparas er T
according o the seleded path Lo phy | CAMp Hopkhs — Red Rlwer Comanche  Leo She |y R
T T e e S Card Howand Ree g Concho Limes oae =mith Texas recerths enacted a statewide
s q ' Cike Hukpeth  Rockwall Cang |l LEka Some el energy code. "This guide summarnizes
InGude Callly Hut Shackehord Crae Hazon Sytton 3 simplified ||:rﬁcn|:tn.re specifization
3. Istalig com po e vt 1o s rcto s om . Cooks Jack SEphels Crockett  MoCalock Tarmt forindividual emrelope componerts to
b. d:clmeni q.ln;cabmmlsm Iz N prope ke E;Emm jg:reliauu %,-m.rg Dalz: Meley i3h Termell gu:l with code u.:ju'nphance |§Dguu:le
Edwark  Mesard Tom Gree nes not provide 3 quaranes for
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d. proukdivg preve iate mal & i@ mayak Elfzra e A, Freesne  Nauarm Tiker documents corsult local cade officiaks
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1. lm Hing Wi dows 3nd door leakage Fanli WidEd nilkkler Hamiios  Pasol mFbmsm Council.
?.BEIIK 19 orsealln%aoht ,gaps 3ud pe etrations FEber Wikl Wikse Hag
; ||=c1a||||5=1I ok [z W e e reqcllre-:l Fra Kllk Movigte oo
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Figure 65: Example of the Laboratory’s Builder’s Guide available for distribution via the web and on laminated cardstock (page 2).
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10.2 Code Compliance Form for Residential Areas.

Texas Building Energy Efficiency
Code Compliance Form For Residential

Buildings in Unincorporated Areas
Effectrve Date: 97172002

Texas loar reqaies the person building a rewr recidential stoochme to cornply writh the Texas BEuilding Energy
Efficiency Code (hdemational Eesidetial Code @IRC™ audfior Bdemational Energy Conserwstion Code CIECC™) s it
exdeted on Blae 1, 20010 prursaard to Health and Sefety Code Section 3898003 (single or moakifanibye mits, thoes floors and
muder.

Comenor Sddress or Legal Desoiption:
Conmby:

This residetice (select orwe of the folloerig optioe]):

__ 1. Has bean cormplisnce certified b 4 national, state, or local acoredited energy effi cisrnye progra;

__ 2. Has besn coovplisnce certified footn 4 private code- certified fwpector nsing the IFC: Energye Bfici ey
Chapiter (Chapter 117 or the IECC; or

__ 3. Hac heer il to inchide the folloariingg snergy eff icieroy elemerds: (I thic aption & selected , cormplete the
follenaring 5 categories and poovide aror additional hecess sy Tfommatioe)

(1) Insulation values (R-value of insulation installed) for each of the following:
Framwung material (check one): Wood  Steel Ilass Wall  or Other (specify):

Cathedral ceiling .............. (Faahie)
Cpaque wralls ... (Frnrahae) Floors ower wribwated spaces. ... (F-urahie)
Floors omrer cateide air ... (F-wabae) Lnycte {onateide conditioned space (Fowabae’)
Foumdation tepe :Slab-or-grade e (E-Rrahae) (Trepth):
Craamlspace .o (FTrahIR]Y [Treptho:
Bacearmert (F-wabie, if applic able): [Drepth):
(Riterior/Exterior )
Percert of basemn et wralls mndergpomd Yo dte 4 of “veny heawny tenmite fectation’ Gresdun)
(2) Ratings of windows and deors for each of the following:
Crlaming aTeq peIc erdaze o
(Tatio of the ares of the ogh opendies of Zlamiig to the gross wall aea)
Clazed doon) (slhiding or hanged) ... .(U-facto1) (SHEDY
Cithier exterior doors ..einn o [ U0-fRCLOT) (SHEDY
Windowrs (detennined from HFEC mating):
(U-factor)
(SHGLY
[ 4dr BrdiHratioe
(3) HVAC equipment efficiency levels:
Heatiryz systerme: Gras fired forced air fomace ... (AFUE mating)
Wersion 1.0, Honerrber 20, 2001 Page 1af 2

Figure 66: Example of the Laboratory’s self-certification form for code compliance in unincorporated areas
(front).
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Texas Building Energy Efficiency Code
Compliance Form For Residential

Buildings in Unincorporated Areas
Effectiwve Date; 5/1/2002

Groad sonmrce be st poonp ... (EEF rating)

(1) Water heating efficiency levels: Water heater firel type ..o
Water heateT capacity ...
HARECS energy factor ...

(5) Basic requirenens (sheok o indonte tie mepmives you have conglead ov weite "THA " ifin applicabley.

Dirtight recessed lights (A5TR E 2837%: L. 18] duact cealing produacts (or mastcs]:

Air cealed peretrationsfgapsuales | ete Shnarer hieads rated ot 2 SgpensB0psi:

HWAL piping fealation: Cirmlating hot-arater piping ealation.:
Mhabifanityy imits ceparatelyr metered: Themmostats for each systemn:

Heat poomp themmostat: Equprnert matrderatuce Tfonmation:

Wapor Tetard ers: Gatere etalled: i

Additional Information: (efech addifional sheed ifnecessarp)

Complete the following Certification, as applicable:
Accredited energy effidency program:

Inspector mane'address

Inspedor centified by --------- Cartification mmber:

Builler or Sdler signature: Date:
Buyer signadure(s): Date:
Ispentor signature; ---------- Date:

Thiz form may be reproduced-Form available from: Texas AEM Universily Energp Shsfems
Laboratory, Weisenbaker Hall, College Stafion, Texas, or on the Infernef af hifp faww-
esl e, edufindex himi
Telgphone: (979) 362-2770, Facsimile (9749) 502-80657

Version 1.0, Howember 20, 2001 Page 1 of 2

Figure 67: Example of the Laboratory’s self-certification form for code compliance in unincorporated areas
(back).
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10.3 Laboratory’s Letter Regarding U.S.E.P.A.’s Energy Star New Homes Program.

ENERGY SYSTEMS LABORATORY

Texas Engineering Experiment Station
Texas A&M University System

Coliege Stadlon, Texas  77843.3581

August 30, 2002

To All Interested Parties in SB-5 Implementation:

The Energy Systems Laboratory (ESL) has received several written and verbal requests
to analyze and determine if the United States Environmental Protection Agency’s (EPA)
Energy Star New Homes Program can be used to achieve equivalency to the Texas
Building Energy Performance Standards (TBEPS) as defined by Senate Bill 5, 77"
Legislature.

The Building Option Packages (BOPS) developed by the EPA for use in Texas that are
posted on the Laboratory’s SB-5 Web page meet or exceed the prescriptive energy
requirements of the IRC2000/IECC2000 with 2001 Supplement. It is also our
determination that any residential building design that meets or exceeds the equivalent
energy performance levels of the posted BOPS could be used by Texas municipal code
officials as evidence of compliance with the performance requirements of the Texas
Building Energy Performance Standards (TBEPS) provided that the design meets all
other mandatory code requirements as defined by the local code official.

The Laboratory stands ready to analyze additional BOPS for equivalency to the TBEPS.
Also, the Laboratory can assist municipal code officials, on a fee basis, to determine if
other alternative design packages are TBEPS code equivalent.

The Energy Star New Homes Program and its providers offer significant energy and
emissions reductions to Texas. If you or your staff have any questions, do not hesitate to
contact me at 979-845-9213.

Sincerely,

W. Dan Turner, P.E., Ph.D.

Director

Energy Systems Laboratory

Texas Engineering Experiment Station

Texas A&M University System

Energy Systems Laboratory Senate Bill 5 Web pages: http:/eslsb5.tamu.edu

December 2003. Energy Systems Laboratory, Texas A&M University
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10.4 Laboratory comments on Project No. 22241 filed with the Texas Public Utilities Commission on
October 9, 2002.

ENERGY SYSTEMS LABORATORY
Texas Engineering Experiment Station
Texas A&M University System

3581 TAMU
College Station, Texas 77843-3581

TO: Nieves Lopez October 9%, 2002
Chief Policy Analyst
Public Utility Commission of Texas
1701 N. Congress Ave.
Austin, TX 78701
(512) 936-7307

FROM: CC:
Jeff Haberl, ESL Tom Fitzpatrick, ESL
Charles Culp, ESL Malcolm Verdict, ESL
Bahman Yazdani, ESL Dan Turner, ESL
Cathy Riley, TEES

Theresa Gross, TPUC
Jess Totten, TPUC
SUBJECT:
Comments on Project No. 22241, Energy Efficiency Implementation Docket.

Dear Nieves:

Thank you for the opportunity to provide comments on the June 21, 2002, and September 12,
2002 petitions filed by Frontier Associates on behalf of the Electric Utility Marketing Managers
Organization of Texas, which we have downloaded from your web site.
www.puc.state.tx.us/electric/projects/22241/2224larc/22241larc.cfm.

We would like to compliment Frontier Associates on their job well done.

However, we felt that it was important to provide comments about the format of the reporting of
the deemed savings in the Frontier report, because we are concerned about how those savings
will be translated by the TCEQ into NOx reductions using the USEPA’s EGRID database.
Specifically, in the Laboratory’s 2002 Annual report to the Texas Emissions Reduction Plan
(TERP) Advisory Committee, we reported on our progress of our first year’s work. This progress
included the development of methods for calculating NOx emissions reductions from
implementation of the 2000 IECC/IRC in the 38 non-attainment and affected counties in Texas.

As part of this process, we worked closely with the TNRCC (now TCEQ) to discuss the planned
process for reporting emissions, and how the Laboratory’s MWh savings per county would be
translated into NOx emissions reductions. The estimated savings from implementing the 2000

Figure 68: Laboratory comments to PUC, October 2002, p.1.
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TPUC letter, 10/9/2002

IECC/IRC to the projected 91,632 new single-family units in the non-attainment and affected
counties is 297,160 MWh/yr, which results in 417 tons-NOx/yr, or 2.09 tons-NOx/peak-day1 as
shown in the Table 1 below. The cost associated with implementing the IECC/IRC is estimated
to be an average $500 per house?, which results in $/ton-NOx costs ranging from $9,156 to
$13,734 $/ton-NOx-10yr, or $14 to $20 $/ton-NOx-peak-day’.

During our discussions with the TRNCC we learned that the TNRCC was planning on using the
USEPA’s EGRID database for translating the estimated electricity savings per county (MWh/yr)
which were reported by the Laboratory, the TPUC and the SECO into NOx reductions (tons-
NOx/day). To perform this calculation we discovered that the EGRID spreadsheet takes the
appropriate value for 1bs-NOx/MWh for each utility service’ district and converts this into
average daily tons-NOx/day by dividing the annual tons-NOx/year by 365.

When we performed this calculation on our estimated annual electricity savings from the
implementation of the 2000 IECC/IRC to the expected at the 91,632 single-family houses for
2002 we calculated 1.14 tons-NOx/day as shown in column 17 of Table 1. Although this value of
NOx reductions seemed reasonable to us, we had concerns about averaging the annual NOx
reductions since our code-traceable Test Suite® demonstrated that a large portion of the energy
savings from the implementation of the 2000 IECC/IRC to Texas houses comes from the use of
low-E windows, which contributes significantly to cooling-season electricity reductions.

To further investigate, we repeated our code-traceable Test Suite and studied the peak daily kWh
savings during the cooling season®. When we recalculated the tons-NOx/day using these peak
daily values for all 38 counties, we discovered that the tons-NOx/day was 2.09, which is almost
twice the value that one obtains using EGRID.

In Figure 1 below there is a clear 2:1 bias in the NOx emissions savings of the average daily
EGRID value versus the peak daily NOx emissions from the Laboratory’s code-traceable Test
Suite. In other words, EGRID appears to only claim % of the emissions credits that the
Laboratory simulated on a peak day.

We reported this immediately to the TNRCC and then in August 2002 to the TERP Advisory
Committee. Following the meeting, we had several discussions with the TNRCC, which resulted
in the TNRCC’s announcement at the August 2002 TERP Advisory Committee meeting that
adjustments will need to be made to the EGRID database to allow it to correctly report the NOx
emissions reductions from cooling-season-related energy conservation measures such as those in
the implementation of the IECC/IRC for 2002 1,

! The 1bs-NOx/MWh values we used were those reported by the TNRCC in their Appendix A, Description of the Methodology
for Determining Credit for Energy Efficiency, which is part of the Houston/Galveston Attainment Demonstration and Post-1999
Rate-of-Progress SIP, dated June 5, 2002, Table 3, p. 6.

2 These costs are based on conversations with local building contractors and building officials in the Bryan/College Station area.
Since these costs will vary in other metropolitan areas, a range of costs were provided to the TNRCC.

3 Additional information about this is contained in the appendix to the Laboratory’s Annual Report to the TNRCC.

* This involves a matrix calculation to estimate the interaction of the electricity supply grid.

* The Laboratory’s code-traceable Test Suite is based on a DOE-2 simulation of a single family residence. Additional information
about the Test Suite can be found in the Laboratory’s Annual 2002 Report to the TNRCC.

5 To accomplish this we compared the total kWh/day consumption for each house on the same peak day.

7 Energy conservation measures that conserve the same amount of energy each day (i.e., weather-independent measures) would
not need an adjustment.

Page 2

Figure 69: Laboratory comments to PUC, October 2002, p.2.
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TPUC letter, 10/9/2002

It is our understanding that TCEQ plans on convening a Senate Bill 5 working group with the
appropriate individuals from the Laboratory, the TPUC, the SECO and others, to discuss how to
adjust the savings for the first year of Senate Bill 5. Unfortunately, the “correction” to the
EGRID database is not a simple multiplier, since the error depends upon the amount of
electricity saved during the cooling season versus the whole year.

A peak-daily MWh value for the deemed savings listed in the Frontier Associates report can be
accomplished if one has “peak kWh/day” deemed savings calculated for each and every energy
conservation measure, as well as the already reported kW, and kWh values listed in the report.
This will need to be calculated for a consensus “peak day” on the TMY?2 weather tape for each
county that represents a day that is statistically similar to the TCEQ’s Ozone day for the state of
Texas.

The Laboratory is also comparing the deemed savings listed for Energy Star Homes on pages 43-
44 of the Frontier report, and the deemed savings listed for the high SEER air-conditioning
systems on pages 42-43 against the savings that the Laboratory submitted in our 2002 Annual
Report to the TNRCC.

We would be happy to meet with the TPUC to discuss these important issues and to offer our
assistance in helping the TPUC make sure that their MWh savings are correctly translated into
peak tons-NOx/day as required by the Texas State Legislature.

Apx 2x difference
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Figure 1: Comparison of tons-NOx/day(peak) versus tons-NOx/day(average).
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Figure 70: Laboratory comments to PUC, October 2002, p.3.
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Figure 71: Laboratory comments to PUC, October 2002, p.4.
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10.5 Laboratory’s Letter to Representative Chisum Regarding Analysis for Proposed Residential
Efficient Lighting Program

ENERGY SYSTEMS LABORATORY

Texas Engineering Experiment Station
Texas A&M University System

3581 TAMU
College Station, Texas 77843-3581

The Honorable Warren Chisum September 18, 2002
Chairman, House Environmental Regulation Committee

Chairman, TERP Advisory Board

P.O. Box 2910

Austin, Texas 78768-2910

Dear Chairman Chisum:

Per your request at the TERP Advisory Committee on August 15, 2002, the Energy Systems
Laboratory has looked further into your suggestion of analyzing the impact of a compact
fluorescent lamp (CFL) emissions reduction incentive program for the state of Texas.

Your suggestion could solve most, if not all, of the financial issues pertaining to the funding of
Senate Bill 5. Our analysis shows that the revenue to the state from a $1 “emissions reduction”
fee, levied at the distribution level, on each incandescent lamp sold would range from
approximately $145 to $290 million in 2003. As more consumers shift to compact fluorescents
and the program reaches a maximum penetration level, we expect the revenues to drop to
approximately $76 million by 2012.

Based on our analysis, we conclude that a CFL emissions reduction incentive program could
make a significant contribution to the statewide NOx emissions reduction program as consumers
switch to more efficient lighting. This program would reduce statewide NOx emissions from 0.6
to 1.3 tons-NOx/day in 2003 growing to approximately 3.0 tons-NOx/day by 2012.

We are ready to meet with you in Austin, Pampa or elsewhere at your earliest convenience to
discuss this important concept.

Please feel free to contact us at (979)458-0675, or Cathy Reiley at (979)845-1291.

Sincerely,
L. i T
i . _—— 7
st e
‘ i
Jeff S. Haberl, Ph.D., P.E. Charles Culp, Ph.D., P.E. Bahman L. Yazdani, P.E.
Associate Director Associate Director Associate Director

cc: Cathy Reiley - Assistant Agency Director for External Affairs,
Assistant Vice Chancellor for Engineering
W. Dan Turner - Director, Energy Systems Laboratory

December 2003. Energy Systems Laboratory, Texas A&M University
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10.6 Laboratory’s Letter to Texas Public Citizen Regarding Analysis for Proposed Residential Efficient
Lighting Program and Texas Tune-up Program

ENERGY SYSTEMS LABORATORY
Texas Engineering Experiment Station
Texas A&M University System

3581 TAMU
College Station, Texas 77843-3581

Thomas ‘Smitty’ Smith October 16™, 2002
Texas Public Citizen

1002 West Ave

Austin, Texas 78701

Dear Smitty:

Per your request, the Energy Systems Laboratory has looked further into analyzing the emissions
reduction impact of several programs for the state of Texas, including a Texas Tune-up using
Continuous Commissioning>™, a compact fluorescent lamp (CFL) emissions reduction incentive
program, and the impact of implementing the 2001 IECC/IRC in the state of Texas.

Our analyses are summarized in the tables that follow for all 38 non-attainment counties, for the
Dallas Ft. Worth area and the Houston-Galveston-Port Author area. Details are provided in the
attached spreadsheet and letters.

We are ready to meet with you in Austin, or elsewhere at your earliest convenience to discuss
this important concept.

Please feel free to contact us at (979)845-6-65, or Cathy Reiley at (979)845-1291.

Sincerely,
Jeff S. Haberl, Ph.D., P.E. Charles Culp, Ph.D., P.E. Bahman L. Yazdani, P.E.
Associate Director Associate Director Associate Director

cc: Cathy Reiley - Assistant Agency Director for External Affairs & Assistant Vice
Chancellor for Engineering
Charles Culp, Bahman Yazdani, Malcolm Verdict, Dan Turner, David Claridge, Energy
Systems Laboratory

December 2003. Energy Systems Laboratory, Texas A&M University
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Summary Tables of Emissions Reductions From the Texas Tune-up Program, Residential
CFL Replacement Program and Implementation of the IECC/IRC.

38 Non-attainment and affected Counties

PROGRAM MWh Tons NOx Tons NOx/Peak- Net Tax Revenue $/ton-10-yr
Ele.Saved Saved/yr * Day Million §
2007 — 2010
Residential 33-57 434-518 12-14 $37.1 -520.3 $30,116 - $32,984
CFL Program million
Texas Tune-up 13-32 161- 285 09-1.6 N/A $33,001 -$2,116
million
IECC/ARC 0.297 334 -500 1.7-25 N/A $9,100 - $13,700
million (2002)

Houston, Galveston, Port Author Non-attainment and affected Counties (34% of 38 county population)

PROGRAM MWh Tons NOx Tons NOx/Peak- Net Tax Revenue $/ton-10-yr
Ele.Saved Saved/yr * Day Million
2007 - 2010
Residential 1.1-19 147-176 0.4-05 $12.6-%6.9 $30,116 - $32,984
CFL Program million
Texas Tune-up 04-11 55-97 03-05 N/A $33,091 - $2,116
million
IECC/IRC 0.101 113 - 170 06-08 N/A $9,100 - $13,700

million (2002)

Dallas-Ft. Worth Non-attainment and affected Counties (35% of 38 county population)

PROGRAM MWh Tons NOx Tons NOx/Peak- Net Tax Revenue $/ton-10-yr
Ele.Saved Saved/yr * Day Million §
2007 - 2010
Residential 1.1-19 147- 176 04-05 $12.6-$6.9 $30,116 - $32,984
CFL Program million
Texas Tune-up 04-1.1 55-97 03-05 N/A $33,091 - 82,116
million
IECC/IRC 0.101 113-170 06-08 N/A $9,100 - $13,700

million (2002)

Page 2

December 2003.
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10.7 Detailed Analysis to Support the Laboratory’s Letter to Texas Public Citizen Regarding Analysis for
Proposed Residential Efficient Lighting Program and Texas Tune-up Program.

This section contains the detailed analysis that was performed to support the Laboratory’s letter to
Chairman Chisum and Texas Public Citizen. This analysis was performed using various assumptions to
estimate the numbers of households and buildings that would be impacted by the different NOx reduction
strategies as shown in Table 46 and Table 47.

10.7.1 Detailed Analysis of NOx Emissions Reduction from Commissioning of Commercial Building
HVAC Systems: Texas Tune-up.

In Table 46 the analysis is shown that was used to calculate the electricity savings that would result from
tuning building HVAC systems in commercial buildings. Such an effort would reduce electricity use in
commercial buildings by tuning the building to run more efficiently'®. To begin the total square footage of
buildings had to be calculated. This is shown in the upper left corner of the spreadsheet, and was calculated
to be 50% of the total square footage of buildings listed in the West South Central Region by the USDOE’s
Energy Information Agency. The 4.2 billion square feet represent an assumed 1% growth per year for the
EIA’s published 1992 value. Base year buildings are assumed to have an annual energy use of 15 kWh/ft2.
New buildings are added at a rate of 2% per year beginning in 2003. Annual electricity savings are
estimated to be 10% from the tuning of commissioning of the HVAC system, using a technology developed
by the Energy Systems Laboratory called Continuous Commissioning®. To accomplish this it is assumed
that 50 engineers can be trained in the first year and 100 engineers are trained in years 2 through 7. These
engineers then go and tune 600,000 ft2 of buildings per year. Electricity costs are estimated to be 0.75
$/kWh, and the cost to commission the buildings is estimated to be 0.30 $/ft2, with an annual maintenance
cost of 0.02 $/ft2. Electricity saved at the building level is assumed to increase by 10% when it reaches the
power plant. The average building size is assumed to be 50,000 ft2 and the maintenance cost for the
building after the commissioning is performed is $1,200 pear year. Using these assumptions the projected
Ibs NOx/MWHh emissions rates for the years 2003 through 2012 are calculated to be:

TOTAL TOTAL SAVINGS SAVINGS
TCEQ Estimated
Year Lbs-NOx/Mwh |(Tons-NOx/year)| (Tons-NOx/peak-day) |(Tons-NOx/year)| (Tons-NOx/peak-day)
2003 1.54 27,256 151.4 38 0.2
2004 0.51 9,207 51.1 50 0.3
2005 0.51 9,391 52.2 114 0.6
2006 0.51 9,579 53.2 202 1.1
2007 0.26 4,981 27.7 161 0.9
2008 0.18 3,517 19.5 160 0.9
2009 0.18 3,588 19.9 218 1.2
2010 0.18 3,659 20.3 285 1.6
2011 0.18 3,733 20.7 361 2.0
2012 0.18 3,807 21.2 446 2.5

125 For more information on this technology see Claridge et al. (1994; 1996).

December 2003. Energy Systems Laboratory, Texas A&M University
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10.7.2 Detailed Analysis of NOx Emissions Reduction from Compact Fluorescent Incentive Program.

In Table 47 the detailed calculations are shown to estimate the impact of a compact fluorescent incentive
program. Compact fluorescent lamps are significantly more efficient than incandescent lamps, and can be
inserted into most incandescent lamp fixtures without modifying the fixture. In such a program it is
estimated that there are 8 million households in the non-attainment and affected counties that could be
affected. The average size of these households is estimated to be 2,000 ft2, with an annual growth rate of
2.5%. Each household is estimated to have 50 incandescent lamps that could be changed to compact
fluorescent lamps. The incandescent lamps are assumed to consume 75 Watts of electricity, and the
compact fluorescent replacement lamps are assumed to consume 20 Watts. The transmissions and
distribution losses are estimated to be 10%. The life of the incandescent lamp is estimated to be 750 hours
and the life of the compact fluorescent lamp is estimated to be 10,000 hours. Each lamp is assumed to be in
use 500 hours per year. The incandescents are assumed to be replaced every 1.5 years, and the compact
fluorescents are assumed to be replaced every 20 years. The program is assumed to have a 10% market
penetration rate (i.e., 10% of the housing stock is affected each year), with a maximum penetration of 80%.
Initially, it is assumed that 5% of all households already have CFLs. The cost of a CFL is assumed to be
$5.00 and the cost of the incandescent is assumed to be $0.50. The cost of energy is $0.085. Using these
assumptions the projected Ibs NOx/MWh emissions rates for the years 2003 through 2012 are calculated to
be:

TCEQ
YEAR Households Estimated SAVINGS SAVINGS
Lbs-NOx/Mwh Tons-NOx/year Tons-NOx/day
2003 8,000,000 1.54 466 1.3
2004 8,200,000 0.51] 474 1.3
2005 8,405,000 0.51] 810 2.2
2006 8,615,125 0.51 1,163 3.2
2007 8,830,503 0.26 781 2.1
2008 9,051,266 0.18 678 1.9
2009 9,277,547 0.18 821 2.2
2010 9,509,486 0.18 971 2.7
2011 9,747,223 0.18 1,061 2.9
2012 9,990,904 0.18 1,088 3.0

December 2003. Energy Systems Laboratory, Texas A&M University
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Continuous Cormissioning for Texas

INPUTS:

Total FT2 (2002) =

kwwhift2-yr

Growth rate=

Awy Savings % =

Engin.Trained 1st yr= 50

Costift2 = 5 0.30

Taotal Area (Ft2)
Year Texas
2002
2003 2,145 264 537
2004 2,168,169 526
2005 2231833225
2008 2,276 571,889
2007 2322103327
2008 2,368 545,393
2009 2,415 816,301
2010 2,464 234 527
2011 2513519320
2012 2 563,789,706
Year Tatal
Elec.Cost

2003 b 2654 764 865
2004 § 2707 860,162
2005 2762017 365
2008 b 2817 257 713
2007 2873602867
2008 b 2831074924
2009 § 2983596423
2010 b 3.04% 450351
2011 § 3110480158
202 § 3172689762

ASSUMPTIONS

1992 USEIA West South Central Region

Education 904 000,000

Lodging 261,000,000

Mercantile & Service 1,472 000,000

Office 1,171,000,000

Total 1992 3,808 000,000

Total 2002 = 1.01+10 4,206 401,054

Assume = 50% SBS 2,103,200 527

R A £A £9 A R R A B R

2,103 200 627 Elec.Costs = $/kWh
15 CC main $/t2 (1,2,3)
2.00% Engin. Trained 2-7th y—=
10% Syuare ft/engin.=

Total Elec Use
)

35,396,565
36,104,502
36,526,598
37 563 436
38,314,705
39,080,999
39,562 619
40,559 871
41,473 069
42302 530

CC Savings
Bryr

{3,712 500)
(14,50 000)
{33,412 500)
(53,400 000)
{92,812 500)

{133 550 000)
{161,912 500)
{237 500 000)
{300,712 500)
{371,250 000)

5
¥

Engineers Trained Commissioned
Sguare Footage ssuming 50 000f2/b1

Wersion 1.01 October 13th, 2002

0.075 T&D losses =
0.02 Avy.Bldy. Size=
100 M&NVT bldgfy= §

10%
50,000
1,200

B00,000 Interval meters

a0
150
240
380
450
550
B50
7al
850
950

CC first Costs

R 8 wn 4n 6P R &R EA B A

Bfyr

9,000 000
27,000,000
45,000,000
53,000,000
81,000,000
59,000,000

117,000,000
135,000,000
153,000,000
171,000,000

Cum CC Saved
WA Syr [ TaD)

Curmnulative
Square Footage

Curnulative # of Buil

Ih-M Chlyvh
THRCC

30,000,000 600 30,000,000 49,500 1.54
90,000,000 1,500 120,000,000 195,000 0.51
150,000,000 3,000 270,000,000 445,500 0.51
210,000,000 4,200 450,000,000 792,000 0.51
270,000,000 5,400 750,000,000 1,237 500 026
330,000,000 BE00 | 1,080,000,000 1,762,000 0.18
380,000,000 7800 1,470,000,000 2425500 0.18
450,000,000 9,000 1,920,000,000 3,168,000 0.18
510,000,000 10,200 | 2,430,000,000 4,009,500 0.18
570,000,000 11,400 | 3,000,000,000 4,550,000 0.18
CC main & Mon | Total Gross CC | Gross CC Costs Tatal Net CC
Costs Bfyr Costs Bfyr Biton-10yr Costs Bfyr $ton-10yr
old old
§ 1320000 % 10320000 % 58,245 § 6607500 % 434505
E] 2163960 § 29163560 % 95,335 § 143138960 %  BRS23
b 3E08210 5 45608210 % 71,380 % 15196410 § 41968
§ 5055540 % 65055540 % 56,2258 § Gp55,840 & 26516
b 6504750 5 67504750 % 90,783 % G307 70§ 3309
§ 7955640 5 106255640 § 111333 § (266943600 § 25,000
E] 9408510 § 126408510 § 95657 § (555033500 § 137364
$ 10863360 % 145863360 § Ba 449 § (917368400 § 2,116
§ 12320190 § 165,320,190 § FEAM § (135392310) § B792)
$ 13779000 % 184772000 § 69,313 § (1864710000 § (14,020

Total
tons-MOxyr

27 246
9,207
9,391
9579
4581
3817
3558
3559
3733
3807

Met CC Costs| 10-y-CC-cost

bldg fin. by yr
het
$ 22,200,000
§ 48,633 500
§ 01,089,100
$ 113,555 400
% 146,047 500
$ 175,556 400
§ 211,085,100
$ 243,633 600
§ 276,201 500
% 308,730 000

Total
Tong-NOx

per Peak day
(180 daysfyr)

1514

1.1

52.2

53.2

27

19.8

19.9

203

207

212

10-yr-CC-save
bldg fin.by.yr
new
$ (37,125,000
§ (148 500,000
§ (334125000
§ (554,000,000
§ (928,125,000
$ (1,336 500,000,
$(1,815,125,000
$ (2,376,000,000
% (3,007 125,000,
$ (3,712 500,000

CC Savings
tons-MOxyr

GG Savings
Tong-NOx
per Peak day

(180 daysfyr)
0 0.2
50 0.3
114 06
202 1.1
161 0a
160 09
218 12
285 16
361 20
446 25

10-yr-net-costs
costs
new
(14 525 000)
(99 560 ,400)
(253,035,900)
(480 441 B00)
(782,077 500)
(1,157 843 600)
(1,608,039,300)
(2,132 366,400)
(2,730 523,100)
(3,403,710,000)

R A £A £9 A R R A B R

)
)
)
)
)
)
)
)
)
)

Table 46: Detailed calculations for the NOx emissions reduction calculations for the implementation of Continuous Commissioning® in Existing Commercial

buildings.

December 2003.

Energy Systems Laboratory, Texas A&M University
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Incentive program for CFLs in Texas

Total houses (1998)=
Growth rate=
Avg.House Size(t2)=

Year

2003
2004
2008
2006
2007
2008
2008
2010
2011
2012

Vear

2003
2004
2005
2006
2007
2008
2008
2010
2011
2012

2003
2004
2008
2006
2007
2008
2009
2010
2011
2012

2003
2004
2005
2006
2007
2008
2008
2010
2011
2012

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

INPUTS
8,000,000
2.50% Lamps/house=
2,000 Inc. kwiamp=
CFLs kWHlamp=
T&D losses=
Total Mew houses
Houses
8,530 503 220,763
3,051,266 208,282
3277 547 231,939
3,509,486 237737
9.747.223 243 a1
3,990,904 249773
10,240 576 258,017
10,496 593 262,417
10,759,111 268,978
11,028 088 275,702
Tax Revenue Incentive

from Incandescent

Paid for CFLs

§ 72529706 § (16,952,776)
§ 70430161 § (19,101942)
§  BO,180309 § (21,348,003
$  B5773945 § (23/694.469)
§  B3204550 § (26,144,896)
$ B04B5782 § (28,703,034
§ 57550468 § (31372739
§ 54451596 § (34,157.959)
$ 51161812 § (37.062895)
§  ATE73S07 § (40091596
Population Conversion
to CFLs
8,000,000 5%
8,200,000 10%
3,405,000 15%
8,615,125 20%
8,530,503 25%
3,051.266 30%
3277 54T 35%
3,509,486 40%
9,747 223 45%
9,990,904 50%
Population Conversion
10 CFLs
3,000,000 5%
8,200,000 10%
8,405,000 15%
8615125 20%
8,530,503 25%
3,051,266 30%
8,277 547 35%
9,509,486 0%
9,747 223 45%
3,990,904 50%
Population Conversion
to CFLs
8,000,000 0%
8,200,000 0%
8,405 000 0%
8,615,125 0%
8,530,503 0%
3,051,266 0%
3277 547 0%
3,509,486 0%
9,747 223 0%
3,990,904 0%

“ersion 1.01 September 2nd, 2002

Life
Incan life=
S0 CFL life=

0.075 Assumed Hrsfyr=
0.020 Incan k¥W/house=
1.10 CFL k¥W/house=

Replacement
750 Incaniy=
10000 CFLAy=
500 Convyr=
3.75 Init.Conw to CFL
1.00 Cost of CFL

Replacements
0.667 Incan/house=
0.050 CFL/house:
5% Max penetra=
5% Cost of incan=
§ 5.00 Cost of energy=

Replace + Mew
Lamps

305,388 233
313,022,939
320,848 512
328 869,725
337 021 468
345,518,755
354,156,724
363,010 642
372,085 908
381,388,056

Met Tax

55,576,979
51,328,219
46,832,286
42079476
37 059,755
31762748
26,177,729
20,283 607
14,098 918

7581811

€ eh on n o i om n on

Houses with
Incandescents

7 600,000
7,380,000
7,144,250
6,892,100
6,622,877
6,335,886
6,030,406
5,705 592
5,360,873
4,995 452

Houses with
CFLs

400,000

820,000
1,260,750
1,723,025
2307 526
2,715,380
3247 142
3,803,794
4,388,250
4,995 452

Houses with
Incandescents

8,000,000
5,200,000
8,405,000
8,615,125
8,830,503
9,051,266
9277 547
9,509 486
9,747 233
9,990,304

Conversion
to CFLs

A%
10%
15%
20%
26%
30%
35%
A0%
A5%.
S0%

Curnulative
Tax

55 576,979
106 905,198
153,737 484
195 B16.960
232 876,715
264 539 463
290,817,192
311,110,799
325209,717
332791527

otk n en et on on En

Electricity from

Houses/incand

Mhiyr (wl TED)
15,675,000
15,221,250
14,735,016
14,214,956
13,659 585
13,067 765
12437712
11,767 989
11,057 006
10,303,120

Electricity from
Houses/CFLs
Mhiyr (wi TED)
220,000
451,000
593,413
247 B4
1,214,194
1,493,459
1,785,928
2092087
2,412,438
2,747 499

Electricity fram

Houses/incand

Mhyr (wl TED)
16,500,000
16,312,500
17 335.313
17 768 695
18212913
18,668,236
18,134,941
18,613,315
20,103 648
20 506,239

Range 500 - 750 hrs

Mew house CFLs

Existing house

purchased CFLs convert
551,906 15,269,412
1,131,408 15,651,147
1,739,540 16,042,426
2377372 16,443 486
3,046,007 16,854,573
3,746,589 17 275,938
4,480,296 17,707 836
5248347 18,150,532
6,052,000 18,604,295
6,592 555 19,069,403

$ paid by house

$ paid by house

for all CFLs for all incand
5 84763632 § 145059411
5 95509710 § 140,860,323
5 106,740,115 § 136,360 615
5 118472347 § 131547890
E 130,724,478 § 126,409,301
5 143515170 § 120931584
E 156863694 § 115100935
5 170789947 § 108,903,193
5 185314473 § 102323625
5 200,458 481§ 95,347,014
Ib-NOx/MWh Tons-NOw/yr
(THRCC via ARI)
1.54 12,070
0.51 3881
0.51 3757
0.51 3625
0.28 1,778
0.18 1,176
0.18 1,119
0.18 1,059
0.18 955
0.18 927
Ib-NOx/MWh Tons-NOx/yr

1.54 189
0.51 115
0.51 177
0.51 242
0.26 158
0.18 134
0.18 161
0.18 188
0.18 217
0.18 247
Electricity saved Ib-NOwMWh
from Inc -»
WWhyr (w/ T&.D)
605,000 1.54
1,240,250 0.51
1,906 584 0.51
2,606,075 0.51
3,339,034 0.28
4,107 012 0.18
4911302 0.18
5,753,239 0.18
5,534,204 0.18
7 555 621 0.18

Replacement Total CFLs
CFLs Purchased

1,131,408 16,952,726
2,319,387 19,101,942
3,568,057 21,348,023
4873512 23 594,469
6,244,315 26,144,898

7 680,507 28,703,034
9,184 507 31,372,739
10,759,111 34,157,989
12,408 598 37,082,895
14,129,738 40,091,696

$ paid by house
for incan or CFLs

Tons-NOw/day

$ paid by house
for energy

5 229823042 % 1,192,125,000
5 236370032 % 1,175.418,750
5 243,100,733 $ 1,157 132,109
5 250,020 237 % 1,137,196,500
E 257,133778 % 1,115 540,903
5 264446734 % 1,092091,777
E 271,964 623 % 1,086,772,983
5 279893133 % 1,039 505,692
5 287638097 % 1,010,208,302
5 295805495 % 978,796,353

331
106
10.3
99
49
32
3.1
29
27
25
Total
Tons-NOx/day Tons-NOx/day
05 33.5
03 109
05 10.8
07 106
0.4 53
0.4 3k
0.4 35
05 34
08 33
0.7 3.2
Tons-NOw/yr Tans-MOx/day
12,705 348
4,313 11.8
4,421 12.1
4531 12.4
2,358 6.5
1,560 45
1722 4.7
1,765 48
1,809 50
1,855 5.1

Incentive
33 CostAne Lamp=
3 Pay/CFL Lamp=
50%
§ 0.50
[ 0075
Mew house Existing house
Incand purch Inc. replace
10,486,222 278 32,599
10,182 674 271 537 971
3,857,394 262363 841
3,509,486 253 586,294
3,138,022 243 580,580
8,742 041 233,121,088
8,320,550 221 881,321
7872520 208 933 865
7 396,889 187 250,361
5,892 555 183 801 473
$ total for res % total per house
purch +energy  for purch incan or CFL
§ 1421948042 5 26
§ 1411788782 § 26
§ 1400232542 § 26
§ 1387216737 § 26
§ 1372574581 § 26
§ 1356538511 § 26
§ 1338737512 § 27
§ 1319198831 § 27
§ 1297846400 § 27
§ 1274501843 § 27
Savings Savings
Tons-MOx/yr Tons-NOx/day
Incan. -> CFLs Inc. -> CFLs
466 13
316 09
486 13
665 18
434 1.2
370 10
442 1.2
518 1.4
547 16
680 19

0.25
(1.00)

@

Total Inc
Purchased

290,118,821
281 720 645
272721238
263,095,780
252818601
241863,129
230,201 871
217 806,385
204 B47 249
180 694,028

$ total per house
for purch & energy

161
156
151
146
141
136
131
126
121
116

R R R R R R )

Electricity saved
from Inc =
S4yr twd TRD)
45 375,000
93,018,750
143016328
185 455 548
250 427 550
308 025,856
368 347 B2
431 432,929
457 565,283
566 671,573

I )

Table 47: Detailed calculations for the NOx emissions reduction calculations for the implementation CFL program.
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10.8 DOE-2 parameters for REScheck Comparison Versus the Laboratory’s IECC Code-traceable
Simulation (Section 4).

The information contained below includes the DOE-2 parameters that were used to simulate Brazoria
County in the REScheck-web analysis (Section 4).

$*************************************PARAM ETERS***********************************

*kkkkkikkikk

PARAMETER

$***********B U I L D I N G**************

P-AREA  =1600 $(SQ.FT), P-BWIDTH TIMES P-BUILDINGLENGTH,
$ SQUARE FOOTAGE OF THE AVERAGE HOUSE IN
$ UNITED STATES
$ (RESIDENTIAL ENERGY CONSUMPTION SURVEY 1997)

P-AREA1 =160 $PERIMETER, USED FOR THE FLOOR AREA WHEN WALLS
$ ARE CONSIDERED MASSLESS

P-VOLUME =12800 $P-AREA TIMES P-WALLHEIGHT

P-LATITUDE =29.98 $HOUSTON (DEG),DEFAULT TAKEN FROM WEATHER
FILE

P-LONGITUDE = 95.37 $HOUSTON (DEG),DEFAULT TAKEN FROM WEATHER
FILE

P-TIME-ZONE = 6 $CENTRAL TIME ZONE

P-ALTITUDE =108 $FOR HOUSTON IAH(FT), DOE-2 DEFAULT =0

P-BUILDINGWIDTH = 40 $(FT)

P-BUILDINGLENGTH =40 $(FT)

P-BUILDINGAZIMUTH =0 $DOE-2 DEFAULT(DEG),

P-OCCUPANCY =2

P-LEFTWALLWIDTH =18 $P-BUILDINGWIDTH MINUS 22

P-WALLHEIGHT =8 $TYPICAL VALUE FOR INTERIOR CEILING HEIGHT

P-AIRCHANGE = 0.462

$-k*****-k*** R O O F*********************

P-ROOFOUTEMISS = 0.9 $DOE-2 DEFAULT,OUTSIDE EMISSIVITY FOR ROOF
P-ROOFABSORPTANCE = 0.5 $FOR ROOF,WHITE BUILT UP
ROOF,GREEN = 0.86
(DOE2.1E BDL SUMMARY,P.12)
P-ROOFROUGHNESS =1 $FOR BUILTUP ROOF (DARK)
1=WOOD SHINGLES OR BUILTUP ROOF
3=ASPHALT SHINGLES
5=METAL
(DOE2.1E BDL SUMMARY ,P.12)
P-ROOFUVALUE = 0.8 $PLY-WOOD(1/2"),(HR.FT"2.F/BTU)
DOE-2 MATERIAL LIBRARY
ROOFRVALUE WILL BE INPUT BY THE USER WHICH WILL
BE CONVERTED TO U-VALUE BY AN EXTERNAL ROUTINE

&+ HPH @ P P PH &+ &H

$***********WA L L*********************
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P-WALLABSORPTANCE = 0.55 $FOR BRICK,LIGHT(DOE2.1E BDL
SUMMARY,P.12)
P-WALLROUGHNESS = 2 $FOR BRICK (DOE2.1E BDL SUMMARY P.12)
$ 1=STUCCO
$ 2-BRICK
$ 3-CONCRETE
$ 4-CLEAR PINE
$ 5-SMOOTH PLASTER
$ 6-GLASS OR PAINT ON PINE
$  P-WALLHEIGHT =8.0 (FT)
P-WALLOUTEMISS =0.9 $OUTSIDE EMISSIVITY FOR WALLS
P-GND-REFLECTANCE = 0.24 $FOR GRASS,PAGE I11.100(DOE2.1A MANUAL),
$ DOE-2 DEFAULT=0.2(0 TO 1)
P-WALLUVALUE = 0.091 $1ECC 2001 VALUE FOR TYPE A1 HOUSE WITH
$ GLAZING 15% OF WALL AREA(HR.FT"2.F/BTU)
$ ROOFRVALUE WILL BE INPUT BY THE USER WHICH WILL
$ BE CONVERTED TO U-VALUE BY AN EXTERNAL ROUTINE

$*********CEI LI NG *k*k

* k% * %k % *

P-CLNGUVALUE = 0.0526 $1ECC 2001 VALUE FOR TYPE A1 HOUSE WITH

$
$
$

GLAZING 15% OF WALL AREA(HR.FT"2.F/BTU)
ROOFRVALUE WILL BE INPUT BY THE USER WHICH WILL
BE CONVERTED TO U-VALUE BY AN EXTERNAL ROUTINE

$********* DO O R***********************

P-DOORHEIGHT = 6.67

P-DOORWIDTH = 3.0

&+ hBH &+

$AVERAGE DOOR HEIGHT,
HABITAT FOR HUMANITY, LOWE'S
$AVERAGE DOOR WIDTH
HABITAT FOR HUMANITY, LOWE'S
ONE DOOR AT THE FRONT AND ONE AT THE BACK IS
ASSUMED

$********W I N D OW**********************

P-WINDOWHEIGHT = 4.56 $(FT)
P-WINDOWWIDTH = 9.16 $(FT),EQUIVALENT WINDOW WIDTH IF ONE
WINDOW IS
$ ASSUMED ON ALL SIDES
$  P-WINDOWOUTEMISS = OUTSIDE EMISSIVITY FOR WINDOWS,
$ INVALID KEYWORD
P-SHADINGCOEFFICIENT= 0.528 $SHGC=0.4(BUILDER'S GUIDE),SC=SHGC/0.87,
THE
$ VALUE CALCULATED IS THE COMBINED SC FOR THE
$ WHOLE WINDOW (INCLUDING THE FRAME) USING
$ NFRC200 (WINDOW SC SPREADSHEET)
$
P-FRAMEWIDTH=0.2189 $EQUIVALENT FRAME WIDTH IF ONE WINDOW IS
$ CONSIDERED,AVERAGE FRAME WIDTH = 0.125(LOWE'S)
P-GLASSCONDUCTANCE=0.6541 $VALUE FROM THE WINDOW U-FACTOR
SPREADSHEET
$ USING NFRC 100
P-FRAMECONDUCTANCE-= 3.037 $FOR ALUMINUM, DOE2.1E(SUPPLEMENT
P.2.116)
P-FRAMEABSORPTANCE= 0.7 $WHITE GLOSS(DOE2.1E BDL SUMMARY P.12)
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P-PANES =2 $DEPENDING ON U-FACTOR AND SHGF DEFINED
P-VISTRANSMITTENCE

P-SPACERCODE =1 DOE-2 DEFAULT, USED ONLY FOR GLASS TYPE
ROM

$

$

F

$ WINDOW LIBRARY

$ 0 =SPACER IS TAKEN FROM WINDOW LIBRARY,
$ 1=ALUMINUM

$ 2=STAINLESS STEEL

$ 3=BUTYL/METAL

$ 4=WOOD/FIBREGLASS

$ 5=U-FACTOR OF EDGE = U-FACTOR OF CENTER

$*****-k-k* F LO O R***********************

P-FLOORWEIGHT =11.5 $AS PER IECC2001(402.1.3.3)(LBS/SQ.FT)
P-FLOORUVALUE = 0.0833
$ CHANGE FROM 0.06 TO MATCH WITH WEB, 5/20/2003 S.KIM

P-UEFFECTIVE = 0.088

$**********************S H A D ES*-k-k****-k*****-k*****-k*****-k*****-k*****-k*****-k***********

*khkkhkhkhkhkhkhkhhkhkkik

P-SHADEWIDTHF =3 $ASSUMED VALUES
P-SHADEWIDTHR =3

P-SHADEWIDTHB =3

P-SHADEWIDTHL =3

P-SCHEDULE =1

P-TRANSMITTANCE =1

P-VIEWFACTORF = 0.5

P-VIEWFACTORR =0.5

P-VIEWFACTORB = 0.5

P-VIEWFACTORL =0.5

$END OF PARAMETER
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