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Mr. Robert Gifford

Air Quality Division

Texas Commission on Environmental Quality
Austin, TX 78711-3087

Dear Mr. Gifford:

The Energy Systems Laboratory (ESL) at the Texas A&M Engineering Experiment Station of the Texas
A&M University System is pleased to provide its annual report, “Energy Efficiency/Renewable Energy
Impact in the Texas Emissions Reduction Plan (TERP),” as required under Texas Health and Safety Code
386.205, 386.252, 388.006, 389.003 (e), and under Texas Utilities Code Sec. 39.9051 (g) (h), and Sec.
39.9052 (c) (d).

The ESL is required to annually report the energy savings from statewide adoption of the Texas Building
Energy Performance Standards in Senate Bill 5 (SB 5), as amended, and the relative impact of proposed
local energy code amendments in the Texas non-attainment and near-non-attainment counties as part of
the Texas Emissions Reduction Plan (TERP).

Please contact me at (979) 845-9213 should you or any of the TCEQ staff have any questions concerning
this report or any of the work presently being done to quantify emissions reduction from energy efficiency
and renewable energy measures as a result of the TERP implementation.

Sincerely,

Lo 5

David E. Claridge, Ph.D., P.E., FASHRAE
Director
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Disclaimer

This report is provided by the Energy Systems Laboratory of the Texas A&M Engineering Experiment Station
(TEES) as required under Sections 386.205, 386.252, 388.006, and 388.003 (e) of the Texas Health and Safety Code
and Sections 39.9051 (g) (h), and 39.9052 (c) (d) of the Texas Utilities Code. 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 A&M
Engineering Experiment Station or the Energy Systems Laboratory.
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VOLUME | - TECHNICAL REPORT

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

Executive Summary

The Energy Systems Laboratory (Laboratory), a division of the Texas A&M Engineering Experiment Station and a
member of The Texas A&M University System, in fulfillment of its responsibilities under Sections 386.205,
386.252, 388.006, and 388.003 (e) of the Texas Health and Safety Code and Sections 39.9051 (g) (h), and 39.9052
(c) (d) of the Texas Utilities Code, submits its annual report, Energy Efficiency/Renewable Energy (EE/RE) Impact
in the Texas Emissions Reduction Plan (TERP) to the Texas Commission on Environmental Quality.

The report is organized in two volumes.
Volume I — Technical Report — provides a detailed report of activities, methodologies and findings, including an
executive summary and overview;
Volume Il — Technical Appendix — contains detailed data from simulations for each of the counties included in
the analysis.

The ESL worked with the EPA and TCEQ regarding a new version of eGRID for all counties in Texas. A new
version of eGRID was developed and presented in this report.

Accomplishments:
a. Energy Code Amendments

The Laboratory was requested by several Councils of Governments (COGs) and municipalities to analyze the
stringency of several proposed residential and commercial energy code amendments, including: the 2015 IECC and
the ASHRAE Standards 90.1-2013. Results of the analysis are included in this Volume I-Technical Report.

b. Technical Assistance

The Laboratory provided technical assistance to the TCEQ, PUCT, SECO, ERCOT, and several political
subdivisions, as well as stakeholders participating in improving the compliance of the Texas Building Energy
Performance Standards (TBEPS). The Laboratory also worked closely with the TCEQ to refine the integrated NOx
emissions reduction calculation procedures that provide the TCEQ with a standardized, creditable NOx emissions
reduction from energy efficiency and renewable energy (EE/RE) programs, which are acceptable to the US EPA.
These activities have improved the accuracy of the creditable NOx emissions reduction from EE/RE initiatives
contained in the TERP and have assisted the TCEQ, local governments, and the building industry with effective,
standardized implementation and reporting.

c. NOx Emissions Reduction
Under the TERP legislation, the Laboratory must determine the energy savings from energy code adoption and,
when applicable, from more stringent local codes or above-code performance ratings, and must report these

reductions annually to the TCEQ.

Figure 1 shows the integrated NOx emissions reduction through 2024 for the electricity and natural gas savings from
the various EE/RE programs.

November 2020 Energy Systems Laboratory, Texas A&M University
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Figure 1: Integrated OSP NOx Emissions Reduction Projections through 2024 (Base Year 2008)

In 2019 (Table 1), the total integrated annual savings from all programs are 75,802,813 MWh/year. The integrated
annual electricity savings from all the different programs are:
e  Savings from code-compliant residential and commercial construction are 6,279,626 MWh/year (8.3% of
the total electricity savings),
Savings from the PUC’s Senate Bill 7 program are 4,628,168 MWh/year (6.1%),
Savings from SECO’s Senate Bill 5 program are 1,691,059 MWh/year (2.2%),
Electricity savings from renewable power generation are 62,168,032 MWh/year (82.0%), and
Savings from residential air conditioner retrofits® are 1,035,928 MWh/year (1.4%).

By 2024, the total integrated annual savings from all programs will be 116,515,731 MWh/year. The integrated
annual electricity savings from all the different programs are:

e  Savings from code-compliant residential and commercial construction will be 12,872,105 MWh/year
(11.0% of the total electricity savings),
Savings from the PUC’s Senate Bill 7 program will be 6,429,358 MWh/year (5.5%),
Savings from SECO’s Senate Bill 5 program will be 2,933,310 MWh/year (2.5%),
Electricity savings from renewable power generation will be 93,479,378 MWh/year (80.2%), and
Savings from residential air conditioner retrofits will be 801,581 MWh/year (0.7%).

In 2019 (Table 2), the total integrated annual NOx emissions reductions from all programs are 32,291 tons-
NOx/year. The integrated annual NOx emissions reductions from all the different programs are:

e NOx emissions reductions from code-compliant residential and commercial construction are 2,099 tons-
NOx/year (6.5% of the total NOXx savings),
NOXx emissions reductions from the PUC’s Senate Bill 7 programs are 1,547 tons-NOx/year (4.8%),
NOx emissions reductions from SECO’s Senate Bill 5 program are 546 tons-NOx/year (1.7%),
NOx emissions reductions from renewable power generation are 27,757 tons-NOx/year (86.0%), and
NOx emissions reductions from residential air conditioner retrofits are 342 tons-NOx/year (1.1%).

! This assumes air conditioners in existing homes are replaced with the more efficient SEER 13 units, versus an average of SEER 11, which is
slightly more efficient than the previous minimum standard of SEER 10. SEER 14 calculations for existing homes were added from 2019-2024.

November 2020 Energy Systems Laboratory, Texas A&M University
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By 2024, the total integrated annual NOx emissions reductions from all programs will be 49,470 tons-NOx/year.
The integrated annual NOx emissions reductions from all the different programs are:

e  NOXx emissions reductions from code-compliant residential and commercial construction will be 4,363
tons-NOx/year (8.8% of the total NOx savings),
NOx emissions reductions from the PUC’s Senate Bill 7 programs will be 2,136 tons-NOx/year (4.3%),
NOx emissions reductions from SECO’s Senate Bill 5 program will be 969 tons-NOx/year (2.0%),
NOx emissions reductions from renewable power generation will be 41,738 tons-NOx/year (84.4%), and
NOXx emissions reductions from residential air conditioner retrofits will be 265 tons-NOx/year (0.5%).

Table 1: Annual and OSP Electricity Savings for the Different Programs (Base Year 2008)

ANNUAL (MWh)

PROGRAM

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
ESL-Single Family 0 25,031 47,000 74200| 153562 215164  275535| 360010  533473| 722505 967,082 1212227 1463313 1720666 1984624 2255535 2533763
ESL-Multifamily 0 50784 108018 200414 332835  527,202| 774578 1225617| 1856,682| 2472527 3151036 3962565 4811210 5699485 6,630,048 7,605717| 8,629,478
ESL-Commercial 0 0 24,066] 83255| 119422  247.952|  400015| 550947  696924| 850020 983858 1,104.834| 1215437 1330862) 1451373 1577.272| 1,708,863
PUC (SB7) of 533841 o76984| 1437883 1831318| 2267414 2675205| 3079750 3498867 3844949| 4209108 4628168 5026276 5404478| 5763770 6105007 6429358
SEC 0 74198 157524 349,845  512539| 713477 1015815 1019507| 1117717| 1,296,153 10402,040| 1691059 1965627 2.226.467| 2474265\ 2,709,672 2,933310
RenewablesERCOT 0| 3454992 8351,369| 12158649 13392752 17,028.343| 18,753,002 20,883,590 34,193.486| 47,055,032| 49,700002( 62,168,032 67,452,315 73185762 79,406,551 86,156,108| 93,479,378
SEER13-Single Family 0| 363440 345268 328005  311,605| 296024  281223| 26762 253804  241,114| 220058 217,605 206725 196389  186569| 177,241 168,379
SEER13-Multi Family 0| 30,765| 29,227] 27,766] 26,377 25,059 23,806 22,615] 21,485| 20,410) 19,390 18,420 17,499 16,624 15,793 15,003 14,253]
SEER14-Single Family 0] 0] 0) 0) 0] 0) 0) 0) 0] 0) 0) 663,523 630,347 598,830 568,888 540,444 513,421
SEERL4-Multi Family 0| 0 0 0 0| 0 0 of 0| 0 of 136379 129560 123082[  116928] 111,082  105528]
Total Annual (MWh) 0] 4,538,051 10,039,456] 14,659,925 16,680,410 21,320,725| 24,199,269 27,418,208 42,172,438| 56,502,800 60,661,574 75,802,813] 82,918,310[ 90,502,644| 98,598,809| 107,253,171 116,515,731
OZONE SEASON PERIOD - OSP (MWhiday)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

ESL-Single Family 0 69 129 203 421 589) 755 986| 1,462 1,980 2,650| 3,321 4,009) 4,714 5,437 6,180) 6,942
ESL-Multifamily 0 139 29| 549) 912| 1,445 2122 3,358| 5,087 6,774 8,633 10,856 13,181 15,615 18,165| 20,838] 23,642]
ESL-Commercial 0 0 66| 228) 327] 679 1,00 1,534 1,909 2,329 2,696| 3,027] 3,330 3,646 3,976| 4,321 4,682]
PUC (SB7) o 1,476 2,677 3,039) 5,017] 6.212) 7.330) 8,439 9,586] 10,534 11,532| 12,680 13,771 14,807 15,791 16,726 17,615
SECO 0 203] 432 958| 1,404 1,959 2,783 2,793 3,062 3,551 3,841 4,633 5,385 6,100| 6,779 7,424 8,036
Renewables-ERCOT 0 15,037 26,234 30,736| 32,528 31,695| 46,338 63,604 86,957] 96446 145063 187283  203202| 220474 239214 250548 281,609
SEER13-Single Family o 2,582 2,453 2,330 2,214) 2,103 1,998 1,898 1,803 1,713 1,627 1,546 1,468 1,395 1,325 1,259) 1,196
SEER13-Multi Family o 207| 19 187 177 168| 160 152 144 137] 139 124) 118) 112) 106 101 9|
SEER14-Single Family o g 0 0 q o o q o o 4,337] 4,120 3,914 3,718 3532 3,356
SEERL4-Multi Family 0 0 9 0 0 0 of 0 0 0 891 847, 804 764] 726| 690)
Total OSP (MWh) 0 19,713 32,482 39,130 43,000 44,846 62,581 82,763 110,011 123,464 176,172 228,698 249,431 271,581 295,276 320,654 347,864

Table 2: Annual and OSP NOx Emissions Reductions Values for the Different Programs (Base Year 2008)

ANNUAL (in tons NOX)

PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
ESL-Single Family 0f 3 8 15 344 50| 65 86 129 224 320 403 489 577 668 761 856
ESL-Multifamily 0] 4 19 43 7 127| 190 305 468 810 1,061 1,333 1,617] 1,914] 2,226 2,553 2,896
ESL-Commercial 0) 0 5 16| 22 47| 79 114 141 229 310 363 411 461 509 559 611
PUC (SB7) 0) 135 246 362 460) 567| 669 770 874 1,326 1,410f 1,547] 1,677] 1,801 1,918 2,030 2,136
SECO 0) 20 44 92| 134 185 267 269 298 407| 447| 546 639 728 812 892 969
Renewables-ERCOT 0] 951 2,645 3,258 3,561 4,693 5,116 5,683 9,359 24,054 22,408] 27,757| 30,117| 32,677 35,454 38,468 41,738
SEER13-Single Family 0) 86 81 7] 73] 70 66 63| 60 72| 7] 73 69 66 63| 60| 57
SEER13-Multi Family 0) 7 7] 7] ) ) 6 5] 5) ) ) 6 6] 5] 5] 5) 5]
SEER14-Single Family 0) 0| 0] 0) 0) 0) 0| 0] 0) 0) 0) 219 208 198] 188 178 169
SEER14-Multi Family 0| 0| 0] 0) 0) 0| 0| 0] 0) 0) 0| 44 42| 40| 38| 36 34|
Total Annual (Tons NOXx) 0 1,205 3,054} 3,870| 4,369 5,744 6,457 7,294} 11,335 27,127 26,039 32,291 35,275 38,467 41,881 45,541] 49,470
OZONE SEASON PERIOD - OSP (in tons NOx/day)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

ESL-Single Family 0.00} 0.014 0.02f 0.04f 0.09f 0.14} 0.18| 0.24f 0.35f 0.62f 0.93| 1.18 1.43| 1.68] 1.94| 2.21 2.49|
ESL-Multifamily 0.00| 0.01] 0.05] 0.12) 0.21 0.35| 0.52| 0.83) 1.28] 2.24( 3.09| 3.88| 4.70) 5.57) 6.47] 7.42| 8.42)
ESL-Commercial 0.00} 0.00f 0.014 0.04] 0.06 0.13| 0.22f 0.314 0.39f 0.64| 0.91 1.07] 1.22] 1.38| 1.54| 1.70} 1.87]
PUC (SB7) 0.00} 0.37| 0.67| 0.99| 1.26) 1.55| 1.83] 2.11 2.39| 3.75| 4.21) 4.62| 5.01] 5.38 5.73| 6.07| 6.38|
SECO 0.00} 0.05| 0.12f 0.25 0.37| 0.51} 0.73| 0.74 0.82| 1.14) 1.30] 1.58 1.85 2.1 2.35| 2.58 2.814
Renewables-ERCOT 0.00} 4.15| 7.53| 8.42| 8.91) 9.03| 12.87| 17.55 24.11 50.25 78.80} 99.65 108.13f 117.32] 127.29) 138.11 149.85|
SEER13-Single Family 0.00} 0.60| 0.57] 0.54| 0.52| 0.49| 0.47| 0.44| 0.42| 0.52| 0.59| 0.56| 0.53| 0.50| 0.48| 0.45| 0.43]
SEER13-Multi Family 0.00} 0.05| 0.05] 0.04 0.04) 0.04] 0.04| 0.04| 0.03| 0.04) 0.05} 0.04| 0.04| 0.04 0.04) 0.04] 0.03]
SEER14-Single Family 0.0( 0.00| 0.00| 0.00| 0.00| 0.0( 0.00| 0.00| 0.00| 0.00| 0.00| 153 1.45 1.38| 1.3 1.24 118
SEER14-Multi Family 0.0 0.00| 0.00| 0.00| 0.00| 0.00} 0.00] 0.00 0.00 0.00 0.00} 0.31 0.29 0.28 0.26 0.25] 0.24]
Total OSP (Tons NOx) 0.00] 5.24] 9.03] 10.45 11.46 12.23 16.85] 22.26] 29.80] 59.21] 89.87| 114.42 124.65| 135.63| 147.41] 160.07 173.69]

November 2020 Energy Systems Laboratory, Texas A&M University
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d. Technology Transfer

In 2019, The Laboratory, hosted the 2019 Texas Energy Summit (formerly called the Clean Air Through Energy
Efficiency/CATEE conference), which is attended by top experts and policy makers in Texas and from around the
country. In the 2019 conference, the latest educational programs and technology were presented and discussed,
including efforts by the Laboratory, and others, to reduce air pollution in Texas through energy efficiency and
renewable energy. These efforts have produced significant success in bringing EE/RE closer to US EPA acceptance
in the Texas SIP. The Laboratory will continue to provide superior technology to the State of Texas through such
efforts with the TCEQ and the US EPA.

To accelerate the transfer of technology developed as part of the TERP, the Laboratory has also made presentations
at national, state and local meetings and conferences, which includes the publication of peer-reviewed papers. The
Laboratory continuously provides technical assistance to the TCEQ, counties and communities working toward
obtaining full SIP credit for the energy efficiency and renewable energy projects that are lowering emissions and
improving the air quality for all Texans.

These efforts have been recognized nationally by the US EPA. In 2007, the Laboratory was awarded a National
Center of Excellence on Displaced Emissions Reduction (CEDER) by the US EPA so that these accomplishments
could be rapidly disseminated to other states for their use. The benefits of CEDER include:
e Reducing the financial, technical, and administrative costs of determining the emissions reduction from
EE/RE measures;
e Continuing to accelerate the implementation of EE/RE strategies as a viable clean air effort in Texas and
other states;
e Helping other states better identify and prioritize cost-effective clean air strategies from EE/RE; and
e Communicating the results of quantification efforts through case-studies and a clearinghouse of
information.

The Energy Systems Laboratory provides the 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 Sections 386.205, 386.252, 388.006, and 388.003 (e) of the Texas Health and
Safety Code and Sections 39.9051 (g) (h), and 39.9052 (c) (d) of the Texas Ultilities Code. If any questions arise,
please contact us by phone at (979) 845-9213.

November 2020 Energy Systems Laboratory, Texas A&M University
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1 Overview

The Energy Systems Laboratory (Laboratory), at the Texas A&M Engineering Experiment Station (TEES) of the
Texas A&M University System, is pleased to provide our annual report, Energy Efficiency/Renewable Energy
Impact in the Texas Emissions Reduction Plan (TERP), to the Texas Commission on Environmental Quality
(TCEQ) in fulfillment of its responsibilities under Sections 386.205, 386.252, 388.006, and 388.003 (e) of the Texas
Health and Safety Code and Sections 39.9051 (g) (h), and 39.9052 (c) (d) of the Texas Utilities Code. This annual
report:

e Provides an estimate of the energy savings and NOXx reductions from energy code compliance in new
residential construction in all Electric Reliability Council of Texas (ERCOT) counties;

o Provides an estimate of the standardized, cumulative, integrated energy savings and NOXx reductions from
the TERP programs implemented by the Laboratory, the State Energy Conservation Office (SECQO), the
Public Utility Commission (PUC) and ERCOT in all ERCOT Texas;

o Describes the technology developed to enable the TCEQ to substantiate energy and emissions reduction
credits from energy efficiency and renewable energy initiatives (EE/RE) to the U.S. Environmental Protection
Agency (US EPA), including the development of a web-based emissions reduction calculator; and

o Outlines progress in advancing EE/RE strategies for credit in the Texas State Implementation Plan (SIP).

The report is organized in two volumes.
Volume I — Technical Report — provides a detailed report of activities, methodologies and findings, including an
executive summary and overview;
Volume Il — Technical Appendix — contains detailed data from simulations for each of the counties included in
the analysis.

1.1  Legislative Background

The TERP was established in 2001 by the 77" Legislature through the enactment of Senate Bill 5 to:
e Ensure that Texas air meets the Federal Clean Air Act requirements (Section 707, Title 42, United States
Code); and
o Reduce NOx emissions in non-attainment and near-non-attainment counties through mandatory and voluntary
programs, including the implementation of energy efficiency and renewable energy programs (EE/RE).

To achieve the clean air and emissions reduction goals of the TERP, Senate Bill 5 created a number of EE/RE
programs for credit in the SIP:

e The Texas Building Energy Performance Standards (TBEPS) as the building energy code for all new
residential and commercial buildings;

e A municipality or county may request the Laboratory to determine the energy impact of proposed energy
code changes;

e An annual evaluation by the Public Utility Commission of Texas (PUCT), in cooperation with the
Laboratory, of the emissions reduction of energy demand, peak electric loads and the associated air
contaminant reductions from utility-sponsored programs established under Senate Bill 5, and utility-
sponsored programs established under the electric utility restructuring act (Section 39.905 Utilities Code);

o A 5% electricity reduction goal each year for facilities of political subdivisions in non-attainment and near-
non-attainment counties from 2002 through 2009; and

e Annual report to TCEQ to be provided by the Laboratory on the energy savings and resultant emissions
reduction from the implementation of building energy codes and which identifies the municipalities and
counties whose codes are more or less stringent than the un-amended code.

Passed during the 78" Legislature (2003), HB 1365 and HB 3235 amended TERP to enhance its effectiveness with
these additional energy efficiency initiatives:
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TCEQ is required to conduct outreach to non-attainment and near-non-attainment counties on the benefits of
implementing energy efficiency measures as a way to meet the air quality goals under the federal Clean Air
Act;

TCEQ is required to develop a methodology for computing emissions reduction from energy efficiency
initiatives;

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 requirements by 15% or more;
Municipalities are allowed 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
US EPA’s Energy Star New Homes program; and

The Laboratory is required to develop and administer a statewide training program for municipal building
inspectors seeking to become code-certified inspectors for the enforcement of energy codes.

Senate Bill 5 was again amended during the 79" Legislature (2005) through SB 20, HB 2481 and HB 2129. These
enhanced the effectiveness of Senate Bill 5 by adding the following energy efficiency initiatives:

5,880 MW of generating capacity is required from renewable energy technologies by 2015;

500 MW from non-wind renewables;

The PUCT is required to establish a target of 10,000 megawatts of installed renewable capacity by 2025;
The TCEQ is required to develop a methodology for computing emissions reduction from renewable energy
initiatives and the associated credits;

The Laboratory is required to assist the TCEQ in quantifying emissions reduction credits from energy
efficiency and renewable energy programs;

The Texas Environmental Research Consortium (TERC) is required to contract with the Laboratory to
develop and annually calculate creditable emissions reduction from wind and other renewable energy
resources for the state’s SIP; and

The Laboratory is required to develop at least three alternative methods for achieving a 15 % greater potential
energy savings in residential, commercial and industrial construction.

The 80" Legislature (2007), through SB 12, and HB 3693 further amended Senate Bill 5 to enhance its effectiveness
by adding the following energy efficiency initiatives:

The Laboratory is required to provide written recommendations to the State Energy Conservation Office
(SECO) about whether or not the energy efficiency provisions of latest published edition of the International
Residential Code (IRC) or the International Energy Conservation Code (IECC) are equivalent to or better
than the energy efficiency and air quality achievable under the editions adopted under the 2001 IRC/IECC.
The Laboratory shall make its recommendations no later than six months after publication of new editions at
the end of each three-year code development cycle of the International Residential Code and the International
Energy Conservation Code.

The Laboratory is required to consider comments made by persons who have an interest in the adoption of the
energy codes in the recommendations made to SECO.

The Laboratory is required to develop a standardized report format to be used by providers of home energy
ratings, including different report formats for rating newly constructed residences from those for existing
residences. The form must be designed to give potential buyers information on a structure's energy
performance, including: insulation; types of windows; heating and cooling equipment; water heating
equipment; additional energy conserving features, if any; results of performance measurements of building
tightness and forced air distribution; and an overall rating of probable energy efficiency relative to the
minimum requirements of the International Energy Conservation Code or the energy efficiency chapter of the
International Residential Code, as appropriate.

The Laboratory is encouraged to cooperate with an industry organization or trade association to: develop
guidelines for home energy ratings; provide training for individuals performing home energy ratings and
providers of home energy ratings; and provide a registry of completed ratings for newly constructed
residences and residential improvement projects for the purpose of computing the energy savings and
emissions reduction benefits of the home energy ratings program.

The Laboratory is required to include information on the benefits attained from this program in an annual
report to the commission.
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The 81% Legislature (2009) extended the date of the TERP to 2019 and required the TCEQ to contract with
Laboratory to compute emissions reduction from wind and other renewable energy resources for the SIP.

The 82" Legislature (2011) increased the Laboratory’s responsibilities under TERP with the introduction of new
energy efficiency initiatives:

e Each political subdivision, institution of higher education or state agency shall establish a goal to reduce the
electric consumption by the entity by at least 5% each fiscal year for 10 years, beginning September 1, 2011.
Each entity shall report annually to SECO, on forms provided by SECO, regarding the entity's goal, the
entity's efforts to meet the goal, and progress the entity has made. The Laboratory is required to calculate
energy savings and emissions reduction for each political subdivision, institution of higher education or state
agency, based on the information collected by SECO.

e Beginning April 1, 2012, all electric cooperatives that had retail sales of more than 500,000 MWh in 2005
and all municipally owned utilities must report annually to SECO, on a standardized form developed by
SECO, information regarding the combined effects of the energy efficiency activities of the electric
cooperative/utility from the previous calendar year, including the annual goals, programs enacted to achieve
those goals, and any achieved energy demand or savings goals. The Laboratory is required to calculate energy
savings and emissions reduction for municipally owned utilities and for electric cooperatives, based on the
information collected by SECO.

e SECO is required to appoint a new advisory committee for selecting high-performance building design
evaluation systems. The Laboratory will send a representative to participate at the new advisory committee.

e The Laboratory may conduct outreach to the real estate industry on the value of energy code compliance and
above code construction.

The 83" Legislature (2013) did not change any of the Laboratory’s previously established responsibilities under
TERP.

During the 84th Legislature session (2015), changes to the Sec. 388.003. Adoption of Building Energy Efficiency
Performance Standards, with the passage of HB 1736, affected the Laboratory’s responsibilities under TERP:

e 2015 residential energy codes (IRC/IECC) editions are in effect starting Sept 1, 2016. 2015 commercial
energy codes (IECC) are in effect starting Nov 1, 2016. The Laboratory’s responsibilities of reviewing new
energy codes and local code amendments remain. New codes will be reviewed no sooner than every 6 years.

o The legislation introduces a new energy rating index (ERI) as a voluntary compliance path for local code
amendments. With the introduction of the ERI as another compliance path, the Laboratory is required to
consider it when local amendments are reviewed and needs to update the web-based code compliance tool
and emissions reduction calculator to allow for the new optional compliance path.

The 85" Legislature (2017) did not change any of the Laboratory’s previously established responsibilities under
TERP.

The 86 Legislature (2019) did not change any of the Laboratory’s previously established responsibilities under
TERP.

1.2 Laboratory Funding for the TERP

The Laboratory expended $181,855 in FY 2002; $372,226 in FY 2003; $635,683.84 in FY 2004; $1,107,366.13 in
FY 2005; $952,012.70 in 2006; $947,114.62 in FY 2007; $908,512.65 in FY 2008; $949,927.94 in FY 2009;
$902,843.35 in FY 2010, $853,421.69 in FY 2011; $434,481.91 in FY 2012 (with the 50% Legislature cut in ESL
funding), $447,907.94 in FY 2013; $453,122.25 in FY 2014; $454,571.79 in FY 2015; $459,845.41 in FY 2016;
$460,409.98 in FY 2017; and $440,558.76 in FY 2018. In FY 2019 the Laboratory expended $443,310.85.
Throughout the years, the Laboratory has also supplemented these funds with competitively awarded Federal and
State grants to provide the needed statewide training for the new mandatory energy codes and to provide technical
assistance to cities and counties in helping them implement adoption of the legislated energy efficiency codes. In
addition, the ESL received an award from the US EPA in the spring of 2007 to establish a Center of Excellence for
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the Determination of Emissions Reduction (CEDER) which has helped to enhance the EE/RE emissions
calculations.

1.3 Code Adoption

One of the TERP’s energy efficiency programs to reduce emissions from stationary sources was the establishment of
the Texas Building Energy Performance Standards (TBEPS) that define the building energy codes for all new
residential and commercial construction statewide. The original TBEPS were based on the energy efficiency chapter
of the 2000 International Residential Code (IRC), including the 2001 Supplement, for Single-Family residences,
(i.e., one- and two-family residences, R-2, R-3 and R-4 multi-family of three stories or less above grade) and the
2000 International Energy Conservation Code (IECC), including the 2001 Supplement, for commercial, industrial
and residential buildings not defined as Residential.

Over the years since the establishment of the TERP, newer editions of the IRC and the IECC have been published.
The Energy Systems Laboratory is mandated to review the stringency of the new code editions and provide
recommendations to the State on whether to upgrade the TBEPS to the new editions.

In the time frame of 2002-2009, the laboratory provided recommendations and considered additional input from
stakeholder meetings and public comment periods on the 2003 and 2006 editions of the IRC/IECC energy efficiency
codes. The State of Texas did not adopt any of the newer editions of the energy efficiency codes as the TBEPS
during this timeframe. Although several individual jurisdictions did adopt the newer editions.

In the time frame of 2002-2012, the laboratory provided recommendations and considered additional input from
stakeholder meetings and public comment periods on the 2009 edition of the IRC/IECC energy efficiency codes. With
the laboratory’s recommendation, SECO updated the TBEPS energy efficiency codes to the 2009 IRC/IECC.

In the timeframe of 2013-2015, the laboratory provided recommendations and considered additional input from
stakeholder meetings and public comment periods on the 2012 and 2015 editions of the IRC/IECC energy efficiency
codes. The State of Texas did not adopt the 2012 edition of the energy efficiency codes as the TBEPS. During this
time, several individual jurisdictions did adopt the 2012 and the 2015 editions of the IRC/IECC.

During the 84th Legislature session (2015), the legislature adopted the 2015 residential energy codes (IRC/IECC)
editions effective September 1, 2016. The 2015 IECC — Commercial (IECC-C) were effective November 1, 2016.
The Legislation also included statues providing the Laboratory’s responsibilities of reviewing new energy codes and
local code amendments remain. New codes residential codes and provisions will be reviewed no sooner than every 6
years (next review will be of 2021 code editions). The 2015 residendial energy codes also established a new energy
rating index (ERI) as a voluntary compliance path and the legislation amended the index values published in the
IECC. With the introduction of the ERI as another compliance path, the Laboratory is required to consider it when
local amendments are reviewed.

In the timeframe of 2016-2019, the laboratory provided recommendations and considered additional input from
stakeholder meetings and public comment periods on the 2018 edition of the IRC/IECC energy efficiency codes as
requested by several jurisdictions. The Laboratory updated the 1C3 web-based code compliance tool and emissions
reduction calculator to allow for the new optional compliance path and for compliance with the latest adoped
editions of the IECC.
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Accomplishments since January 2019

Since January 2019, the Laboratory has accomplished the following:

Calculated energy and resultant NOx reductions from implementation of the Texas Building Energy
Performance Standards (IECC/IRC codes) to new residential and commercial construction for all non-
attainment and near-non-attainment counties;

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

Enhanced the IC3 calculator, which is an energy code compliance software based on the Texas Building
Energy Performance Standards by resolving minor defects found in the model and webpage.

Continued development and testing of key procedures for validating simulations of building energy
performance;

Provided energy code training workshops, including: residential and commercial IECC/IRC sessions at the
27th Building Professional Institute (BPI), UT Arlington.;

Provided energy code training workshops, including: residential and commercial IECC/IRC sessions to the
following local juridictionss: Killeen, Victoria, and Amarillo;

Provided energy code training workshops, including: residential and commercial IECC/IRC sessions to the
following institues of higher education: Austin Community College, University of Texas Project Management
and Construction Services and Stephen F. Austin State Univeristy;

Provided energy code training workshops, including: residential and commercial IECC/IRC sessions to Texas
Associaton of Professional Real Estate Inspectors and the North Central Texas Council of Governments;

Maintained and updated the Laboratory’s Texas Emissions Reduction Plan (TERP) website;
Maintained a builder’s residential energy code Self-Certification Form (Ver.1.3) for use by builders outside
municipalities;
Hosted the Texas Energy Summit (previously Clear Air Through Energy Efficiency Conference (CATEE)) in
November 2019, in Austin, Texas. Conference sessions included key talks by the TCEQ, PUCT, ERCOT,
EPA, SECO, several 1ISDs and cities, and the Laboratory about quantifying emissions reduction from EE/RE
opportunities and guidance on key energy efficiency and renewable energy topics; the various topics covered:
Evolution of the Grid- High Renewables and DERS, Low Cost; Clean Air and Clean Energy in Texas;
Increasing Grid Resiliency with Distributed Resources; Improving Public Health and Resilience in Energy
Corridors; State Agency Energy Leadership; The Permian Boom- Making High Production and Clean Air
Coexist; Clean Energy as an Economic Development Tool; Electrifying Transportation; Public Sector Energy
Efficiency Requirements; Political Movements and Climate Change; Innovation for Industrial Emissions
Reductions; Big Renewables- Procuring Cheap, Clean Energy.
Provided technical assistance to the TCEQ regarding specific issues, including:
o Enhancement of the standardized, integrated NOx emissions reduction reporting procedures to the
TCEQ for EE/RE projects, and
o Enhancement of the procedures for weather normalizing NOx emissions reduction from renewable
projects.
Participated as exhibitors at several conferences, including at the Texas Energy Summit in Houston, Texas,
and
The ESL participated in the South-central Partnership for Energy Efficiency as a Resource (SPEER),
funded and administered by the Texas Comptroller of Public Accounts State Energy Conservation Office
(SECO).
Continued work toward the code compliance tools for commercial buildings, retail and school buildings,
and new Application Programming Interface (API).
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1.5  Technology Transfer

To accelerate the transfer of technology developed as part of the TERP program, the Laboratory:
e Updated previously developed database of other renewable projects in Texas, including: solar photovoltaic,
geothermal, hydroelectric, and Landfill Gas-fired Power Plants;
o Applied previously developed estimation techniques for hourly solar radiation from limited data sets;
e Along with the TCEQ and the US EPA, is host to the annual Clean Air Through Energy Efficiency (CATEE)
Conference attended by top Texas and national experts, and policy makers; and
o Continued the National Center of Excellence on Displaced Emissions Reduction (CEDER) by the US EPA.
The benefits of CEDER include:
0 Reducing the financial, technical, and administrative costs of determining the emissions reduction from
EE/RE measures;
o Continuing to accelerate implementation of EE/RE strategies as a viable clean air effort in Texas and
other states;
0 Helping other states identify and prioritize cost-effective clean air strategies from EE/RE, and;
o Communicating the results of quantification efforts through case-studies and a clearinghouse of
information.

One presentation to the Texas Energy Summit held in Austin, Texas, November 2019.
o Haberl, J.; Yazdani, B.; Baltazar, J., 2019 “Energy Efficiency and Renewable Energy Impacts on NOx
Emission Reductions in Texas” Texas Energy Summit, Austin, Texas, November 2019

The Laboratory has and will continue to provide leading-edge technical assistance to the TCEQ, counties and
communities working toward obtaining full SIP credit for the energy efficiency and renewable energy projects that
are lowering emissions and improving the air quality for all Texans. The Laboratory will continue to provide
superior technology to the State of Texas through efforts with the TCEQ and US EPA. The efforts taken by the
Laboratory have produced significant success in bringing EE/RE closer to US EPA acceptance in the SIP. These
activities were designed to more accurately calculate the creditable NOx emissions reduction from EE/RE initiatives
contained in the TERP and to assist the TCEQ, local governments, and the building industry with standardized,
effective implementation and reporting.
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1.6 Energy and NOx Reductions from New Residential and Commercial Construction, Including Residential Air
Conditioner Retrofits

State adoption of the energy efficiency provisions of the International Residential Code (IRC) and International
Energy Conservation Code (IECC) became effective September 1, 2001. The Laboratory has developed and
delivered training to assist municipal inspectors to become certified energy inspectors. The Laboratory also
supported code officials with guidance on interpretations as needed. This effort, based on a requirement of HB 3235,
78™ Texas Legislature, supports a more uniform interpretation and application of energy codes throughout the state.
In general, the State is experiencing a true market transformation from low energy efficiency products to high
energy efficiency products. These include: low solar heat gain windows, higher efficiency appliances, high
efficiency air conditioners and heat pumps, increased insulation, lower thermal loss ducts and in-builder
participation in “above-code” code programs such as Energy Star New Homes, which previously had no state
baseline and almost no participation.

In 2019, the following savings were calculated:
¢ In 2019, the annual electricity savings from code-compliant residential and commercial construction are
6,279,626 MWh/year (8.3% of the total electricity savings),
e Savings from residential air conditioner retrofits? are 1,035,928 MWh/year (1.4%).

e In 2019, the OSP electricity savings from code-compliant residential and commercial construction are 17,204
MWh/day (7.5%),
e Savings from residential air conditioner retrofits are 6,898 MWh/day (3.0%).

e By 2024, the annual electricity savings from code-compliant residential and commercial construction will be
12,872,105 MWh/year (11.0% of the total electricity savings),
e Savings from residential air conditioner retrofits will be 801,581 MWh/year (0.7%).

o By 2024, the OSP electricity savings from code-compliant residential and commercial construction will be
35,266 MWh/day (10.1%),
e Savings from residential air conditioner retrofits will be 5,337 MWh/day (1.5%).

e In 2019, the annual NOx emissions reduction from code-compliant residential and commercial construction
are 2,099 tons-NOx/year (6.5% of the total NOx savings),
o NOx emissions reductions from residential air conditioner retrofits are 342 tons-NOx/year (1.1%).

e In 2019, the OSP NOx emissions reduction from code-compliant residential and commercial construction are
6.13 tons-NOx/day (5.4%),
e NOXx emissions reductions from residential air conditioner retrofits are 2.43 tons-NOx/day (2.1%).

e By 2024, the NOx emissions reduction from code-compliant residential and commercial construction will be
4,363 tons-NOx/year (8.8% of the total NOx savings),
e NOx emissions reductions from residential air conditioner retrofits will be 265 tons-NOx/year (0.5%).

e By 2024, the OSP NOx emissions reduction from code-compliant residential and commercial Construction
will be 12.77 tons-NOx/day (7.4%),
o NOx emissions reductions from residential air conditioner retrofits will be 1.88 tons-NOx/day (1.1%).

2 This assumes air conditioners in existing homes are replaced with the more efficient SEER 13 units, versus an average of SEER 11, which is
slightly more efficient than the previous minimum standard of SEER 10. SEER 14 calculations for existing homes were applied from 2019-2024.
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1.7  Integrated NOx Emissions Reductions Reporting Across State Agencies

In 2005, the Laboratory began to work with the TCEQ to develop a standardized, integrated NOx emissions
reduction across state agencies implementing EE/RE programs so that the results can be evaluated consistently. As
required by the legislation, the TCEQ receives the following reports:
e From the Laboratory, savings from code compliance and renewables;
e From the Laboratory, in cooperation with the Electric Reliability Council of Texas (ERCOT), the savings
from electricity generated from wind power;
e From the Public Utility Commission of Texas (PUCT) on the impacts of the utility-administered programs
designed to meet the mandated energy efficiency goals of SB7 and SB5; and
e From the State Energy Conservation Office (SECO) on the impacts of energy conservation in state agencies
and political subdivisions.

In 2019, the total integrated annual savings from all programs are 75,802,813 MWh/year. The integrated annual
electricity savings from all the different programs are:
e  Savings from code-compliant residential and commercial construction are 6,279,626 MWh/year (8.3% of
the total electricity savings),
Savings from the PUC’s Senate Bill 7 program are 4,628,168 MWh/year (6.1%),
Savings from SECQO’s Senate Bill 5 program are 1,691,059 MWh/year (2.2%),
Electricity savings from renewable power generation are 62,168,032 MWh/year (82.0%), and
Savings from residential air conditioner retrofits® are 1,035,928 MWh/year (1.4%).

In 2019, the total integrated OSP savings from all programs are 228,698 MWh/day, which would be a 9,529 MW
average hourly load reduction during the OSP. The integrated OSP electricity savings from all the different
programs are:

e  Savings from code-compliant residential and commercial construction are 17,204 MWh/day (7.5%),
Savings from the PUC’s Senate Bill 7 programs are 12,680 MWh/day (5.5%),
Savings from SECO’s Senate Bill 5 program are 4,633 MWh/day (2.0%),
Electricity savings from renewable power generation are 187,283 MWh/day (81.9%), and
Savings from residential air conditioner retrofits are 6,898 MWh/day (3.0%).

By 2024, the total integrated annual savings from all programs will be 116,515,731 MWh/year. The integrated
annual electricity savings from all the different programs are:

e  Savings from code-compliant residential and commercial construction will be 12,872,105 MWh/year
(11.0% of the total electricity savings),
Savings from the PUC’s Senate Bill 7 program will be 6,429,358 MWh/year (5.5%),
Savings from SECO’s Senate Bill 5 program will be 2,933,310 MWh/year (2.5%),
Electricity savings from renewable power generation will be 93,479,378 MWh/year (80.2%), and
Savings from residential air conditioner retrofits will be 801,581 MWh/year (0.7%).

By 2024, the total integrated OSP savings from all programs will be 347,864 MWh/day, which would be 14,494
MW average hourly load reduction during the OSP. The integrated OSP electricity savings from all the different
programs are:

e  Savings from code-compliant residential and commercial construction will be 35,266 MWh/day (10.1%),
Savings from the PUC’s Senate Bill 7 programs will be 17,615 MWh/day (5.1%),
Savings from SECO’s Senate Bill 5 program will be 8,036 MWh/day (2.3%),
Electricity savings from renewable power generation will be 281,609 MWh/day (81.0%), and
Savings from residential air conditioner retrofits will be 5,337 MWh/day (1.5%).

In 2019 (Table 31), the total integrated annual NOx emissions reductions from all programs are 32,291 tons-
NOx/year. The integrated annual NOx emissions reductions from all the different programs are:

% This assumes air conditioners in existing homes are replaced with the more efficient SEER 13 units, versus an average of SEER 11, which is
slightly more efficient than the previous minimum standard of SEER 10.SEER 14 calculations for existing homes were added from 2019-2024.
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NOx emissions reductions from code-compliant residential and commercial construction are 2,099 tons-
NOx/year (6.5% of the total NOx savings),

NOXx emissions reductions from the PUC’s Senate Bill 7 programs are 1,547 tons-NOx/year (4.8%),
NOx emissions reductions from SECQO’s Senate Bill 5 program are 546 tons-NOx/year (1.7%),

NOx emissions reductions from renewable power generation are 27,757 tons-NOx/year (86.0%), and
NOx emissions reductions from residential air conditioner retrofits are 342 tons-NOx/year (1.1%).

In 2019, the total integrated OSP NOx emissions reductions from all programs are 114.42 tons-NOx/day. The
integrated OSP NOx emissions reductions from all the different programs are:

NOx emissions reductions from code-compliant residential and commercial construction are 6.13 tons-
NOx/day (5.4%),

NOXx emissions reductions from the PUC’s Senate Bill 7 programs are 4.62 tons-NOx/day (4.0%),
NOx emissions reductions from SECO’s Senate Bill 5 program are 1.58 tons-NOx/day (1.4%),

NOx emissions reductions from renewable power generation are 99.65 tons-NOx/day (87.1%), and
NOx emissions reductions from residential air conditioner retrofits are 2.43 tons-NOx/day (2.1%).

By 2024, the total integrated annual NOx emissions reductions from all programs will be 49,470 tons-NOx/year.
The integrated annual NOx emissions reductions from all the different programs are:

NOXx emissions reductions from code-compliant residential and commercial construction will be 4,363
tons-NOx/year (8.8% of the total NOx savings),

NOXx emissions reductions from the PUC’s Senate Bill 7 programs will be 2,136 tons-NOx/year (4.3%),
NOXx emissions reductions from SECQO’s Senate Bill 5 program will be 969 tons-NOx/year (2.0%),

NOx emissions reductions from renewable power generation will be 41,738 tons-NOx/year (84.4%), and
NOXx emissions reductions from residential air conditioner retrofits will be 265 tons-NOx/year (0.5%).

By 2024, the total integrated OSP NOx emissions reductions from all programs will be 173.69 tons-NOx/day. The
integrated OSP NOx emissions reductions from all the different programs are:

NOx emissions reductions from code-compliant residential and commercial construction will be 12.77
tons-NOx/day (7.4%),

NOx emissions reductions from the PUC’s Senate Bill 7 programs will be 6.38 tons-NOx/day (3.7%),
NOx emissions reductions from SECQO’s Senate Bill 5 program will be 2.81 tons-NOx/day (1.6%),
NOx emissions reductions from renewable power generation will be 149.85 tons-NOx/day (86.3%), and
NOx emissions reductions from residential air conditioner retrofits will be 1.88 tons-NOx/day (1.1%).

Table 3: Adjustment Factors used for the Calculation of the Annual and OSP NOx Savings for the Different

Programs
ESL-Single ESLI. ESLS. s 5 Renewables- = SEER13/14 | SEER/1314
Family*® Multifamily Commercial | PYC (SB7) SECO ERCOT® Single Family | Multi Family
Annual Degradation
Factor 1t 2.0% 2.0% 2.0% 5.0% 5.0% 0.0% 5.0% 5.0%
T&D Loss ° 7.0% 7.0% 7.0% 7.0% 7.0% 0.0% 7.0% 7.0%
Initial Di F
nitial Biscount Factor - 56,09 20.0% 20.0% 100%  60% /30% 5.0% 20.0% 20.0%
Growth Factor 4.1% 6.1% 5.3% 0.0% 0.0% 8.5% N.A. N.A.
Weather Normalized Yes Yes Yes No No No Yes Yes

Note: For Renewables-ERCOT, the OSP energy consumption is the average daily consumption of the measured data from May 1 to September 30.
In the SECO calculations, a 30% initial discount factor is used from 2019 and before 2019, a 60% initial discount factor was used for the
estimations. SEER 14 calculations were added for 2019-2024 projections. Before 2019, SEER 13 calculations were only applied.
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Figure 2: Integrated OSP Individual Programs NOx Emissions Reduction Projections through 2024 (Base Year
2008)

1.8  Technology for Calculating and Verifying Emissions Reduction from Energy Used in Buildings

In 2004 and 2005, the Laboratory developed a web-based Emissions Reduction Calculator, known as “eCalc,”
which contains the underlying technology for determining NOx emissions reduction from power plants that generate
the electricity for the user.* The emissions reduction calculator was being used to calculate emissions reduction for
consideration for SIP credits from energy efficiency and renewable energy programs in the TERP.

In 2007, the Laboratory enhanced the calculator to provide additional functions and usability, including:
e Renaming the product IC3 v2.0
e Enhanced the Laboratory’s IECC/IRC Code-Traceable Test Suite for determining emissions reduction due to
code and above-code programs;
e Enhanced web-based emissions calculator, including:
0 Use of the calculator to determine 15% above code residential and commercial options.
Gathered, cleaned and posted weather data archive for 17 NOAA stations;
Performed comparative testing of the calculator vs. other, non-web-based simulation programs;
Developed and tested radiant barrier simulation;
Using the web-based emissions calculator, started development of the derivative version Texas Climate
Vision calculator for the City of Austin;
o Continued the development of verification procedures, including:
o0 Completed the calibrated simulation of a high-efficiency office building in Austin, Texas;
o Continued work to develop a calibrated simulation of an office building in College Station; and
o Continued work to develop a calibrated simulation of a K-12 school in College Station;
In 2008, work on both web-based calculators continued;
e Deployed IC3 v3.2 to handle a wider selection of Single-Family building configurations (http://ic3.tamu.edu);
Delivered TCV v1.0 to the City of Austin for their testing;
Continued to operate the original eCalc;
Supported modeling efforts by building enhanced tools for batch simulation;
Provided training on both IC3 and TCV.

O O0O0O0

4 eCalc reports NOx, SOx and CO2 emissions reduction from the US EPA eGRID database for power providers in the ERCOT region.
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In 2009, IC3 developments included:
e Asister product, AIM was created for the State Comptroller’s office.
e Usage statistics continue to climb.
e Updated to v3.6 which included 3 story houses, external cladding, more sophisticated ceiling/roof models,
enhanced foundation modeling and the ability to copy projects.

In 2010 there were several software updates including:

e [C3
0 3.9.0 - Slab Insulation Support
0 3.7.0-3.8.0 First Version of Multifamily Released along with numerous tweaks and fixes
0 3.6.2 - New Building Model Integrated, Updated Artwork and Illustrations

e DDP
0 1.7.05 - Added Heat Reject Recording for Electric and Gas

e \Web Reports and Texas Building Registry
0 Registry 0.x — First versions of the Web Reports on TCV, eCalc, and IC3
0 Registry 1.0 — City and County Reports
0 Registry 1.1 — Cross-linked Reports for City and County
0 IC3 Reports 1.0 — Updated Certificate Reports which replace Registry 1.1 and evolve into the Texas

Building Registry

The 2011 software updates include:
e IC3
0 3.9.4 - Added approval workflow to start a new 2009 IECC job as further refinements were needed to
the BDL
o0 3.9.5-Various IECC 2009 fixes and refinements implemented
0 3.9.6 — Updated BDL to 4.01.08, SHGC max does not apply to Climate Zone 4, 0.35 ACH minimum to
all projects, Ventilation Fans added to % Air Conditioning Calculation
0 3.9.7 - Corrected Certificate and Status screens to reflect insulation and floor construction.
0 3.9.8- Set minimum R-value for insulated sheathing to R-2;
0 3.10.0 - Updated and corrected problems with several text and value fields; Corrected and printed MF
and SF Certificates;
o0 3.10.3 - Changed Certificate to Energy Audit Report; Added a new Certificate to be printed out; Added
Inspector's list for a project; Added Pagination in projects page
o 3.11.0 12/22/2011-Added Austin Energy 2009 IECC Energy Code Support
e Web Reports and Texas Building Registry
0 TBR Reports 1.0.5 — Added 4 new reports
0 TBR Reports 1.0.6 — Added 9 new reports
0 Registry 2.0 — Included 7 new Parameterized reports

The 2012 software updates include:
e IC3

0 3.12 — Deprecated the 2000/2001 and 2006 Code (as of 1/1/2012)

0 3.12.1 — Added a version of the energy report with a signature line, as requested by some municipalities.
Improved the algorithm.

0 3.12.2 — Alter help text to be more clear. Improved the algorithm.

0 3.12.3 — Alter help pictures to make them clearer.

0 3.12.4 — Added optional input for water heaters to allow for better detail. Updated user manual.
Improved the transform algorithms.
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The 2013 software updates include:
e IC3
0 3.12.5-Bug fix in energy report
0 3.13.0 — Added support for manual J. Added NCTCOG 2012 amendments

There were no significant enhancements to IC3 in the calendar year 2014. We performed routine maintenance on the
program and the database during this time. The API interface was under development.

The 2015 software updates include:
e IC3
o0 Version 4.0 — Single Family version of IC3 version 4, implementing IECC 2015
o0 Version 4.0.1 —Added builder information. Changed format of energy report

The 2016 software updates include:

e IC3

0 Version 4.0.2 — Clarified some error messages. Revised model of attic. Added check for fresh air

standards,
Version 4.1 — Added ERI
Version 4.1.1 — Some bug fixes
Version 4.1.2 — Altered appliance energy calculation in ERI to improve accuracy
Version 4.2 — Added NCTCOG 2015 IECC amendment

O O 0O

The 2017 software updates include:
o IC3
o0 Version 4.3 — Added Austin Energy IECC 2015 amendment. Improved accuracy of duct model
0 Version 4.3.1- Added NCTCOG 2015 ERI amendment

The 2018 software updates include:

e IC3
0 Bug fixes only

e CEXIS API
0 Rewrote the CEXIS API to properly interface with the new Poller API (see below)

e Poller API
o0 Rewrote the polling software (the client software that actually performs the DOE2 runs) as a web-

based service. This solved several ongoing maintenance and security issues we were having.

The 2019 software updates include:
e IC3
0 Bug fixes
0 Added 2018 IECC
0 Added support for tankless water heater equipment
e CEXIS API
0 Updated all weather information
o0 Major revision of ERI calculation
e POLLER API
o Improved Performance
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1.9  Evaluation of Additional Technologies for Reducing Energy Use in Existing Buildings

The Laboratory provided technical assistance to the TCEQ, the PUCT, SECO and ERCOT, as well as Stakeholders
participating in the Energy Code and Renewables programs.

e In 2019, the Laboratory continued to work with the TCEQ to develop an integrated NOx emissions
reductions calculation that provided the TCEQ with a creditable NOx emissions reductions from energy
efficiency and renewable energy (EE/RE) programs reported to the TCEQ in 2018 by the Laboratory,
PUCT, SECO, and ERCOT (i.e., renewables).

e At the request of the TCEQ, the Laboratory has continued the development of procedures for quantifying
NOx emissions reductions from renewables and the quantification of NOx emissions reductions from the
new Federal regulations for SEER 14 air conditioners.

1.10 Planned Focus for 2019

In FY 2020, the Energy Systems Laboratory will continue in its cooperative efforts with the TCEQ, PUCT, SECO,
US EPA and others to evaluate the energy savings resulted from the EE/RE measures and programs of the TERP
and their impact on air quality, and continue with the energy code state-wide implementation assistance under the
Texas Building Energy Performance Standards program of the TERP. The Laboratory team will:

e Assist the TCEQ to obtain SIP credits from energy efficiency and renewable energy using the Laboratory’s
Emissions Reduction Calculator technology.

e  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/US EPA approved technology.

e  Assist the PUCT with determining emissions reductions credits from energy efficiency programs funded by
SB 7 and SB 5.

e Assist political subdivisions and Councils of Governments with calculating emissions reductions from local
code changes and voluntary EE/RE programs for SIP inclusion.

e Continue to refine the cost-effective techniques to implement 15% above code (2009 IECC) energy
efficiency in low-priced and moderately-priced residential housing.

e Continue to refine the cost-effective methods and techniques to implement 15% above code energy
efficiency in commercial buildings.

e Continue to develop creditable procedures for calculating NOx emissions reductions from green renewable
technologies, including wind power, solar energy and geothermal energy systems.

e  Continue development of well-documented, integrated NOx emissions reductions methodologies for
calculating and reporting NOx reductions, including a unified database framework for required reporting to
TCEQ of potentially creditable measures from the ESL, PUCT, and SECO SB 5 initiatives.

e Upon request, provide written recommendations to the State Energy Conservation Office (SECO) about
whether or not the energy efficiency provisions of the latest published edition of the International
Residential Code (IRC), or the International Energy Conservation Code (IECC), are equivalent to, or better
than, the energy efficiency and air quality achievable under the editions adopted under the 2009 IRC/IECC.
This will consider comments made by persons who have an interest in the adoption of the energy codes in
the recommendations made to SECO.

e Develop a standardized report format to be used by providers of home energy ratings, including different
report formats for rating newly constructed residences from those for existing residences.

e Continue to cooperate with an industry organization or trade association to: develop guidelines for home
energy ratings; provide training for individuals performing home energy ratings and providers of home
energy ratings; and provide a registry of completed ratings for newly constructed residences and residential
improvement projects for the purpose of computing the energy savings and emissions reductions benefits of
the home energy rating program.

e Include all benefits attained from this program in an annual report to the commission.
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Engage production builders and municipalities in overcoming obstacles to use 1C3 for their new home
construction.

Complete RESNET certification for the ERI path in IC3.

Release version 2018 AE IECC (Austin Energy Amendments). This is not mandated by the State but has
been requested by Austin Energy

Continue to update all websites managed by the lab to meet the evolving TEES standards.

The Laboratory has and will continue to provide leading-edge technical assistance to counties and communities
working toward obtaining full SIP credit for the energy efficiency and renewable energy projects that are lowering
emissions and improving the air for all Texans. The Laboratory will continue to provide superior technology to the
State of Texas through efforts with the TCEQ and US EPA. The efforts taken by the Laboratory have produced
significant success in bringing EE/RE closer to US EPA acceptance in the SIP.

If any questions arise, please contact us by phone at 979-845-9213.
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2 Introduction

2.1  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. In
2008, twenty counties were designated as non-attainment counties that include: Brazoria, Chambers, Collin, Dallas,
Denton, Ellis, Fort Bend, Hardin, Harris, Jefferson, Galveston, Johnson, Kaufman, Liberty, Montgomery, Orange,
Parker, Rockwall, Tarrant, and Waller. There were also fourteen counties designated as Ozone Early Action
Compact counties include: Bastrop, Bexar, Caldwell, Comal, Gregg, Guadalupe, Harrison, Hays, Rusk, Smith,
Travis, Upshur, Williamson, and Wilson. By 2017, forty-two counties are designated as non-attainment counties that
include: Bastrop, Bexar, Brazoria, Caldwell, Chambers, Collin, Comal, Dallas, Denton, El Paso, Ellis, Fort Bend,
Galveston, Gregg, Guadalupe, Hardin, Harris, Harrison, Hays, Henderson, Hood, Hunt, Jefferson, Kaufman,
Liberty, Montgomery, Nueces, Orange, Parker, Rockwall, Rusk, San Patricio, Smith, Tarrant, Travis, Upshur,
Victoria, Waller, Williamson, Wilson, and Wise (TCEQ 2016). These areas are shown on the map in Figure 3 as
non-attainment and near non-attainment.

These counties represent several geographic areas of the state, which have been assigned to different climate zones
by the 2015 IECCS® as shown in Figure 4, based primarily on Cooling Degree Days (CDD) and Heating Degree Days
(HDD). These include climate zone 3 (i.e., 4,500 < CDDso < 6,300 and HDDgs < 5,400) for the Dallas-Ft. Worth and
El Paso areas, and climate zone 2 (i.e., 6,300 < CDDs ss< 9,000) for the Houston-Galveston-Beaumont-Port Arthur-
Brazoria areas. Also shown in Figure 4 are the locations of the various weather data sources, including the Local
Climatological Data (LCD) (NOAA 2018), and the Typical Meteorological Year (TMY3) (NREL 2019) stations,
which are used for simulation purposes.

------ O - Nonattainment and Affected Countles

e r ,_.. l“' s Dallas-Fort Worth

Northeast
Texas

El Paso

e e Beaumont-
Port Arthur

Houston-
Galveston-Brazoria

Victoria

* /" Corpus Christi

® The “2000 IECC” notation is used to signify the 2000 International Residential Code (IRC), which includes the International Energy
Conservation Code (IECC). The 2000 IECC, as modified by the 2001 Supplement (IECC 2001), published by the ICC in March of 2001, as
was referenced by Senate Bill 5. The latest version adoption of IECC in Texas is IECC 2015.



Figure 3: TCEQ Nonattainment and Affected Counties
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Figure 4: Available weather data, and TMY 3 weather files compared to IECC weather zones for Texas
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2.2 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:

Sec. 386.205. Evaluation of State Energy Efficiency Programs.

Sec. 388.003. Adoption of Building Energy Efficiency Performance Standards.

Sec. 388.004. Enforcement of Energy Standards Outside of Municipality.

Sec. 388.007. Distribution of Information and Technical Assistance.

Sec. 388.008. Development of Home Energy Ratings.

In 2003 these responsibilities were modified by the following:
e House Bill 1365, including modifications to:
0 Sec. 388.004. Enforcement of Energy Standards Outside of Municipality
0 Sec. 388.009. Energy-Efficient Building Program
e House Bill 3235 which includes modifications to
O Sec. 388.009. Certification of Municipal Building Inspectors.

In 2005 these same responsibilities were further updated:
e with Senate Bill 20, House Bill 2481, and 2129.

These responsibilities were further updated in 2007:
e with Senate Bill 12 and House Bill 3693.

These responsibilities were further updated in 2009:
e with House Bill 1796.

These responsibilities were further updated in 2011:
e with Senate Bills 898 and 924, and House Bill 51.

These responsibilities were not updated in 2012.
These responsibilities were not updated in 2013.
These responsibilities were not updated in 2014.
These responsibilities were further updated in 2015:
e Changes to Sec. 388.003. Adoption of Building Energy Efficiency Performance Standards
with House Bill 1736.
These responsibilities were not updated in 2017.
These responsibilities were not updated in 2018.

These responsibilities were not updated in 2019.

In the following sections, each of these tasks is further described.

2.2.1  (SB5) Section 386.205. Evaluation of State Energy Efficiency Programs (w/PUCT)

The Laboratory is instructed to assist the Public Utility Commission of Texas (PUCT) 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).
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To implement procedures for evaluating state energy-efficiency programs, in 2004, the Laboratory held several
meetings with the Public Utility Commission of Texas to discuss the development of a framework for reporting
emissions reduction from the State Energy Efficiency Programs administered by the PUCT. The State Energy-
Efficiency Programs administered by the PUCT include programs under Senate Bill 7 (i.e., Section 39.905 Utilities
Code) and Senate Bill 5.

In 2003 and 2004, the Laboratory worked with the TCEQ to identify a method to help the PUCT more accurately
report their deemed savings as peak-day savings in 1999, using the Laboratory’s new emissions reductions
calculator.

In 2005, this method was implemented in the TCEQ’s Integrated Emissions Calculations, which was reported in
previous (from 2005-2018) annual reports.

2.2.2  (SB5) Sec. 388.003. Adoption of Building Energy Efficiency Performance Standards

In 2001, TERP adopts the energy efficiency chapter of the 2001 International Residential Code (2001 IRC) as an
energy code for Single-Family residential construction, and the 2001 International Energy Conservation Code (2001
IECC) 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.

TERP 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 an 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.

2.2.3 (SB5) Sec. 388.004. Enforcement of Energy Standards Outside of Municipality

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

e the building is certified by a national, state, or local accredited energy efficiency program;

e the building was subjected to inspections from private code-certified inspectors using the energy efficiency
chapter of the International Residential Code or International Energy Conservation Code; or

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

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. (HB1365, 2003)

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. (HB1365, 2003)

2.24  (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. TERP authorizes the Laboratory to develop simplified materials to be
designed for projects in which a design professional is not involved. It also 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.
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2.25 (SB5) Sec. 388.008. Development of Home Energy Ratings

TERP 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. TERP requires the Laboratory to establish a public information program
to inform homeowners, sellers, buyers, and others regarding home energy ratings.

2.2.6  (HB 1365) Sec. 388.004. Enforcement of Energy Standards Outside of Municipality

This section has been merged into Section 2.2.3.

2.2.7  (HB 1365) Sec. 388.009. Energy-Efficient Building Program, renamed in 2005 (HB 2129) Sec.
388.012. Development of Alternative Energy-Saving Methods.

In this Section, the laboratory shall develop at least three alternative methods for achieving a 15% greater potential
energy savings in residential, commercial, and industrial construction than the potential energy savings of
construction that is in minimum compliance with Section 388.003. The alternative methods:
(1) may include both prescriptive and performance-based approaches, such as the approach of the United
States Environmental Protection Agency's Energy Star qualified new home labeling program; and
(2) must include estimates of the implementation costs and energy savings to consumers and the related
emissions reductions.

2.28 (HB 3235) Sec. 388.009. Certification of Municipal Inspectors renamed in 2005 (HB 2018)
Sec. 388.011. Certification of Municipal Building Inspectors.

Also in 2003, House Bill 3235 modified the TERP to add the 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 for the costs of administering the program. This program was required to be developed no later than
January 1, 2004, with state-wide training sessions starting no later than March 1, 2004.

229 (SB 20, HB 2481, HB 2129). Additional Energy-Efficiency Initiatives

The 79" Legislature (2005), through SB 20, HB 2481 and HB 2129, amended SB 5 to enhance its effectiveness by
adding the following additional energy-efficiency initiatives, including requiring 5,880 MW of generating capacity
from renewable energy technologies by 2015, and 500 MW from non-wind renewables.

This legislation also requires PUCT to establish a target of 10,000 MW of installed renewable capacity by 2025, and
requires TCEQ to develop a methodology for computing emissions reductions from renewable energy initiatives and
the associated credits. The Laboratory is to assist TCEQ in quantifying emissions reductions credits from energy-
efficiency and renewable-energy programs, through a contract with the Texas Environmental Research Consortium
(TERC) to develop and annually calculate creditable emissions reductions from wind and other renewable energy
resources for the state’s SIP.

Finally, this legislation requires the Laboratory to develop at least 3 alternative methods for achieving a 15% greater
potential energy savings in residential, commercial and industrial construction. To accomplish this, the Laboratory
will be using the code-compliance calculator to ascertain which measures are best suited for reducing energy use
without requiring substantial investments.
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2.2.10 (SB 12, HB 3693). Additional Energy-Efficiency Initiatives

The 80" Legislature (2007), through SB 12, and HB 3693 amended SB 5 to enhance its effectiveness by adding
several new energy efficiency initiatives. First, it requires the Laboratory to provide written recommendations to the
State Energy Conservation Office (SECO) about whether or not the energy efficiency provisions of latest published
edition of the International Residential Code (IRC), or the International Energy Conservation Code (IECC), are
equivalent to or better than the energy efficiency and air quality achievable under the editions adopted under the
2001 IRC/IECC. The laboratory shall make its recommendations not later than six months after publication of new
editions at the end of each three-year code development cycle of the International Residential Code and the
International Energy Conservation Code. As part of this work with SECO, the Laboratory is required to consider
comments made by persons who have an interest in the adoption of the energy codes in the recommendations made
to SECO.

In addition, it requires the Laboratory to develop a standardized report format to be used by providers of home
energy ratings, including different report formats for rating newly constructed residences from those for existing
residences. The form must be designed to give potential buyers information on a structure's energy performance,
including: insulation; types of windows; heating and cooling equipment; water heating equipment; additional energy
conserving features, if any; results of performance measurements of building tightness and forced air distribution;
and an overall rating of probable energy efficiency relative to the minimum requirements of the International Energy
Conservation Code or the energy efficiency chapter of the International Residential Code, as appropriate.

It also encourages the Laboratory to cooperate with an industry organization or trade association to: develop
guidelines for home energy ratings; provide training for individuals performing home energy ratings and providers
of home energy ratings; and provide a registry of completed ratings for newly constructed residences and residential
improvement projects for the purpose of computing the energy savings and emissions reductions benefits of the
home energy ratings program. Finally, it requires the Laboratory shall include information on the benefits attained
from this program in an annual report to the commission.

2.2.11 (HB1796). TERP Term & Additional Energy- Efficiency Initiatives

The 81% Legislature (2009), through HB 1796, amended sections Sec. 386.252 (a) and (b), to extend the date of the
TERP to 2019 and require the TCEQ to contract with Laboratory to compute emissions reduction from wind and
other renewable energy resources for the SIP.

2.2.12 (HB 51, SB 898, SB 924). Additional Energy-Efficiency Initiatives & Refinement of Ongoing
Initiatives

The 82" Legislature (2011) through HB-1, the Laboratory’s responsibilities under TERP increased:

The 82" Legislature (2011), through SB 898, amended Sec 388.005 (c), (d) and (e), which per the amendment,
requires each political subdivision, institution of higher education or state agency to establish a goal to reduce the
electric consumption by the entity by at least 5% each fiscal year for 10 years, beginning September 1, 2011. SB 898
further elaborated and enhanced the annual reporting requirements for those entities, and required SECO to develop
a standardized form for reporting. SB 898 adds the Laboratory as the entity in charge of calculating energy savings
and estimated emissions reduction for each political subdivision, institution of higher education or state agency,
based on the information collected by SECO. The Laboratory shall share the analysis with the TCEQ, EPA and
ERCOT.

The 82" Legislature (2011), through SB 924, amended Sec 39.9051, Utilities Code, (f), (g) and (h), to enhance the
reporting requirements by all municipally owned utilities and electric cooperatives that had retail sales of more than
500,000 MWh in 2005, regarding combined effects of their energy efficiency activities. Per the amended sections,
beginning April 1, 2012, these entities must report each year to SECO, on a standardized form developed by SECO.
The report of information regarding the combined effects of the energy efficiency activities of the electric
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cooperative/utility from the previous calendar year should include the annual goals, programs enacted to achieve
those goals, and any achieved energy demand or savings goals. SB 924 adds the Laboratory as the entity in charge
of calculating energy savings and estimated emissions reduction for municipally owned utilities and for electric
cooperatives, based on the information collected by SECO. The Laboratory shall share the analysis with the PUCT,
ERCOT, EPA and TCEQ.

The 82" Legislature, through HB 51, required SECO to appoint a new advisory committee for selecting high-
performance building design evaluation systems. The committee includes a representative from the Laboratory and
meets at least once every two years.

The 82" Legislature, through HB 51, modified Sec 388.003 () on the Laboratory’s review of proposed local code
amendments, which should be compared to the unamended code (instead of the “base” code), and added to Sec
388.007 (c) the fact that Laboratory is allowed to provide technical assistance concerning the implementation of
local code amendments.

In addition, HB 51 added Sec 388.007 (d), which allows The Laboratory to conduct outreach to the real estate
industry on the value of energy code compliance and above code construction.

The 83" Legislature (2013) did not change any of the Laboratory’s previously established responsibilities under
TERP.

During the 84th Legislature session (2015), changes to the Sec. 388.003. Adoption of Building Energy Efficiency
Performance Standards, with the passage of HB 1736, affected the Laboratory’s responsibilities under TERP:

e 2015 residential energy codes (IRC/IECC) editions are in effect starting Sept 1, 2016. 2015 commercial
energy codes (IECC) are in effect starting Nov 1, 2016. The Laboratory’s responsibilities of reviewing new
energy codes and local code amendments remain. New codes will be reviewed no sooner than every 6 years.

e The legislation introduces a new energy rating index (ERI) as a voluntary compliance path for local code
amendments. With the introduction of the ERI as another compliance path, the Laboratory is required to
consider it when local amendments are reviewed, and needs to update the web-based code compliance tool
and emissions reduction calculator to allow for the new optional compliance path.

The 85" Legislature (2017) did not change any of the Laboratory’s previously established responsibilities under
TERP.

The 86" Legislature (2019) did not change any of the Laboratory’s previously established responsibilities under
TERP.
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3 Statewide Air Emissions Calculations from Wind and Other Renewables

The Energy Systems Laboratory, in fulfillment of its responsibilities under this Legislation, submits its tenth annual
report, “Statewide Air Emissions Calculations from Wind and Other Renewables,” to the Texas Commission on
Environmental Quality.

The report is organized in several deliverables:
e A Summary Report, which details the key areas of work
e A Volume I Summary Report, and

e  Supporting data files (Volume Il Technical Appendix), including weather data, and wind energy production
data.

This executive summary provides key areas of accomplishment this year, including:

Continuation of stakeholder’s meetings

Analysis of power generation from wind farms using the improved method and 2019 data

Analysis of emissions reductions from wind farms

Updates on degradation analysis

Analysis of other renewables, including solar PV, solar thermal, biomass, hydroelectric, geothermal, and

landfill gas

e Review of electricity generation by renewable sources and transmission planning study reported by
ERCOT

3.1  Analysis of wind farms using an improved method and 2019 data

In this report, the weather normalization procedures, developed together with the Stakeholders, were presented and
applied to all the wind farms that reported their data to ERCOT during the 2019 measurement period, together with
wind data from the nearby NOAA weather stations or the zone average wind speed provided from ERCOT.

In the previous Wind and Renewables report to the TCEQ, weather normalization analysis methods were reviewed.
This report used the same analysis method as the previous reports to present the same weather normalization
procedure, including:
e the processing of weather and power generation data, modeling of daily power generation versus daily
wind speed using the ASHRAE Inverse Model Toolkit (IMT) for two separate periods, i.e., Ozone Season
Period (OSP), from May 1 to September 30, and Non-Ozone Season Period (Non-OSP);
e predicting 2008 wind power generation as a baseline, using developed coefficients from 2018 daily OSP
and Non-OSP models for all the wind farms; and
e the analysis of monthly capacity factors generated using the models.

A summary of total wind power production in the base year (2008) for all of the wind farms in the ERCOT region
using the developed procedure is presented, and the nineteen new wind farms which started operation in 2018 and
2019 were added, including BLSUMMIT_UNIT2_17, BLSUMMIT_UNIT2_25, CABEZON_WIND1,
CABEZON_WIND2, CFLATS_U1, CN_BRKS_UNIT_1, LOCKETT_UNIT1, MIDWIND_UNIT1, OVEJA_G1,
OVEJA_G2, SHAFFER_UNIT1, STELLA_UNIT1, S_HILLS_UNIT1, TAHOKA_UNIT_1, TAHOKA_UNIT_2,
TORR_UNIT1_25, TORR_UNIT2_23, TORR_UNIT2_25, WL_RANCH_UNITZ. Figure 5 shows the measured
annual wind power generation in 2019 and the estimated wind power generation in 2008 using the developed
method for those wind farms in the ERCOT region. The total measured wind power generation in 2019 is
74,903,938 MWh MWh/yr, which is 2.4% lower than what the same wind farms would have produced in 2008.
Figure 6 shows the same comparison but for the Ozone Season Period. The measured wind power generation in the
OSP of 2019 is 198,978 MWh/day, which is 2.4% lower than the 2008 OSP baseline wind production. For the
analysis of this year, the measured 2019 wind power generation is slightly lower than the 2008 baseline wind power
production.

This report also includes an uncertainty analysis that was performed on all the daily regression models for the entire
year and Ozone Season Period.
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Wind Power Generation in Texas

02019 Measured MWh/yr (ERCOT Original Data) 2008 Modeled MWHyr Using 2018 Daily Model
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Wind Power Generation in Ozone Season Period in Texas
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3.2 Analysis of emissions reductions from wind farms

In this report, the procedure for calculating annual and peak-day, county-wide NOXx reductions from electricity
savings from wind projects implemented in the Competitive Load (CL) zones in ERCOT was presented. The
calculation of the NOx emission reductions is based on the 2016 eGRID as modified according to ESL-TR-08-12-04
report (US EPA and ESL, 2008). As shown in Table 4 based on the 2019 measured ERCOT data, the total MWh
savings for all the wind farms within the ERCOT region are 74,903,938 MWh/yr and 203,888 MWh/day for an
average day in the OSP. The total NOx emissions reductions in 2019 across all the counties amount are 37,812
tons/yr and 108.4 tons/day for the OSP.

Table 4: Electricity Generation and NOx Emission Reductions for All the Wind Farms in ERCOT Region in 2019

Annual OSP
Actual Measured Electricity Generation in 2019 74,903,938 [MWh/yr] 203,888 [MWh/day]
NOx Emission Reduction in 2019 37,812 [tons/yr] 108.4 [tons/day]

3.3  Degradation analysis

This report contains an updated analysis to determine what degradation could be observed in the measured power
from Texas wind farms. By TCEQ request on reference to the degradation of the wind farm power output, the ESL
has been evaluating observed degradations from the measured data for all the Texas wind farms.

In this analysis, a sliding statistical index was established for each site that used the 10th, 25th, 50th, 75th, 90th, and
99th percentiles of the hourly power generation over a 12-month sliding period, as well as mean, minimum and
maximum hourly power generation of the same 12-month period. These indices were then displayed using one data
symbol for each 12-month slide, beginning from the first 12-month period until the last 12-month period for each of
the wind farms.

As shown in Table 5, of the one hundred and forty-one sites analyzed, eighty-eight sites showed an increase when
one compares the 90th percentile of the whole period to the 90th percentile of the first 12-month period, ranging
from 0.3% to 62.1%. The remaining fifty-three sites showed a decrease from -0.1% to -26.9%. The weighted
average of this increase across all wind farms studied is 4.2% (positive), which indicates that no degradation was
observed from the aggregated energy production from these wind farms over the studied operation period. Based on
the observations, special attention needs to be paid to sites Papalote Creek Wind Farm (-11.3%), Penascal Wind 3 (-
13.0%), Southwest Mesa Wind Farm (-15.2%), Big Spring Wind Farm (-21.3%), Harbor Wind (-21.9%), and
Sherbino 2 Wind (-26.9%). Those wind farms have comparison percentages larger than 10%, which may be caused
by wind farm operation issues, meter problems or other similar issues.
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Table 5: Summary of 90th Percentile Hourly Wind Power Analysis for 141 Sites in Texas

12-Month Sliding 90th Percentile
Hourly Wind Report
: First Year Average Minimum Maximum No. of Capacity
Wind Farm Months of Mw)
Data
First 12-mo % Diff. vs. % Diff. vs. First % Diff. vs. First
Ending Mo. L L% First 12-mo AL 12-mo N 12-mo

Anacacho Wind Nov-13 83.4 86.7 4.0% 83.0 -0.5% 89.2 6.9% 74 100
Baffin Wind 1 Jan-16 82.7 81.9 -1.0% 63.6 -23.1% 86.1 4.1% 48 100
Baffin Wind 2 Jan-16 80.3 77.9 -3.0% 57.3 -28.6% 82.8 3.2% 48 102
Barton Chapel Wind 1 Dec-09 74.9 75.5 0.8% 61.2 -18.2% 89.1 19.0% 121 120
Big Spring Wind Farm Dec-02 27.2 21.4 -21.3% 1.1 -59.2% 27.2 0.0% 205 41
Blue Summit Wind Oct-13 121.9 119.8 -1.7% 114.6 -6.0% 128.5 5.4% 75 135
Bobcat Bluff Wind Nov-13 115.0 108.2 -5.9% 92.8 -19.4% 127.9 11.2% 74 150
Brazos Wind Ranch Dec-04 127.5 123.3 -3.3% 93.5 -26.7% 139.4 9.3% 181 160
Briscoe Wind Jun-16 123.4 117.4 -4.9% 102.4 -17.0% 128.3 4.0% 43 149.8
Buffalo Gap 1 Nov-06 100.9 97.7 -3.2% 75.4 -25.2% 105.7 4.8% 158 120
Buffalo Gap2 Apr-08 183.4 178.8 -2.5% 104.9 -42.8% 207.6 13.2% 141 233
Buffalo Gap3 Apr-10 122.4 140.1 14.5% 122.4 0.0% 152.1 24.2% 117 170
Bull Creek Wind Plant Dec-09 93.9 95.5 1.7% 415 -55.8% 130.4 38.9% 121 180
Callahan Divide Wind Feb-06 93.3 94.3 1.1% 83.9 -10.0% 101.5 8.8% 167 114
Cameron County Wind [Camwind_Unif Oct-16 142.4 129.7 -8.9% 119.8 -15.9% 142.5 0.1% 39 165
Camp Springs Wind 2 Jan-09 94.0 97.3 3.5% 79.4 -15.5% 107.9 14.8% 132 120
Camp Springs Wind Energy Center Apr-08 111.3 106.2 -4.6% 87.7 -21.2% 120.9 8.6% 141 130
Capricorn Ridge Wind 1&2 Aug-08 258.0 256.9 -0.4% 1745 -32.4% 309.3 19.9% 137 364
|Capricorn Ridge Wind 3 Jan-09 120.3 137.7 14.5% 97.9 -18.6% 157.2 30.7% 132 186
Capricorn Ridge Wind 4 May-09 83.5 86.8 4.0% 67.6 -19.0% 100.2 20.0% 128 1125
Cedro Hill Wind Dec-11 136.3 123.4 -9.5% 101.9 -25.2% 136.9 0.4% 97 150
Champion Wind Farm Jan-09 89.4 102.2 14.2% 87.7 -1.9% 113.2 26.6% 132 126.5
Desert Sky Wind Farm Dec-02 89.0 116.3 30.7% 83.1 -6.7% 134.4 50.9% 205 160.5
Doug Colbeck's Corner (Conway) B Jan-17 90.1 91.7 1.8% 85.7 -4.8% 94.7 5.2% 36 100.2
|Doug Colbeck's Corner (Conway) A Jan-17 92.6 92.9 0.3% 91.2 -1.5% 95.2 2.8% 36 100.2
Elbow Creek Wind Dec-09 94.5 93.3 -1.3% 70.2 -25.7% 104.5 10.6% 121 121.9
Forest Creek Wind Dec-07 105.2 104.4 -0.8% 92.4 -12.1% 111.2 5.7% 145 124.2
Goat Wind Apr-09 67.0 103.8 54.9% 61.8 -7.8% 122.6 83.0% 129 150
Goldthwaite Wind 1 Dec-14 122.8 127.6 3.9% 115.8 -5.7% 134.4 9.4% 61 149
Grandview Wind 1 (Conway) GV1A Nov-15 99.3 99.1 -0.1% 97.2 -2.1% 101.4 2.2% 50 107
Grandview Wind 1 (Conway) GV1B Nov-15 94.0 94.5 0.5% 90.8 -3.5% 98.0 4.2% 50 104
Green Pastures Wind | Feb-16 125.2 134.5 7.5% 125.2 0.0% 139.2 11.2% 47 150
Gulf Wind 1 Jun-10 108.6 104.7 -3.6% 85.2 -21.6% 119.4 9.9% 115 141.6
Gulf Wind 2 Jun-10 116.5 114.4 -1.8% 89.7 -23.0% 126.3 8.4% 115 141.6
Gunsight Mountain Wind Jan-17 109.5 113.7 3.8% 109.5 0.0% 115.2 5.2% 36 119.9
Hackberry Wind Dec-09 138.0 127.0 -8.0% 105.8 -23.3% 140.6 1.9% 121 165.5
Harbor Wind Jan-13 6.1 4.8 -21.9% 0.7 -88.0% 7.1 15.9% 84 9
Hereford Wind G Dec-15 80.9 83.5 3.3% 79.9 -1.2% 86.9 7.5% 49 99.9
Hereford Wind V Dec-15 90.4 94.1 4.1% 90.4 0.0% 95.7 5.8% 49 100
Hidalgo & Starr Wind 11 Jul-17 45.1 46.6 3.3% 45.1 0.0% 47.3 5.1% 30 52
Hidalgo & Starr Wind 12 Jul-17 85.8 89.1 3.8% 85.8 0.0% 91.2 6.3% 30 98
Hidalgo & Starr Wind 21 Jul-17 85.0 87.7 3.2% 85.0 0.0% 89.2 4.9% 30 100
Horse Hollow Phasel Jun-06 157.0 166.4 6.0% 141.3 -10.0% 185.1 17.9% 163 213
Horse Hollow Phase 2 Aug-07 145.7 139.6 -4.2% 99.0 -32.1% 160.6 10.2% 149 184
Horse Hollow Phase 3 May-07 169.2 167.6 -1.0% 123.9 -26.8% 187.7 11.0% 152 2235
Horse Hollow Phase 4 Jun-07 88.6 90.0 1.6% 80.9 -8.7% 103.1 16.3% 151 115
Inadale Wind Sep-10 117.9 139.5 18.4% 99.0 -16.0% 166.3 41.1% 112 197
Indian Mesa Wind Farm Dec-02 48.0 54.7 13.9% 36.0 -24.9% 72.2 50.5% 205 82.5
Javelina Wind 18 Sep-16 211.0 221.7 5.1% 211.0 0.0% 229.3 8.7% 40 249.7
Jumbo Road Wind 1 Mar-16 117.3 124.0 5.8% 117.3 0.0% 129.1 10.1% 46 146.2
Jumbo Road Wind 2 Mar-16 119.7 127.8 6.8% 119.7 0.0% 133.0 11.1% 46 153.6
Keechi Wind 138 Kv Joplin Dec-15 99.7 102.5 2.9% 99.5 -0.2% 103.8 4.1% 49 110
King Mountain-NE Wind Farm Dec-02 41.8 43.5 4.0% 20.8 -50.3% 56.4 34.8% 205 79.3
King Mountain-NW Wind Farm Dec-02 44.7 51.8 15.9% 27.7 -37.9% 65.3 46.1% 205 79.3
King Mountain-SE Wind Farm Dec-02 21.6 21.9 1.4% 11.8 -45.7% 28.1 29.8% 205 40.3
King Mountain-SW Wind Farm Dec-02 41.6 44.1 6.1% 229 -44.9% 53.7 29.1% 205 79.3
Langford Wind Dec-10 115.7 125.9 8.8% 107.8 -6.9% 134.3 16.0% 109 150
Logans Gap Wind | U1 Apr-16 88.5 85.7 -3.2% 80.6 -9.0% 90.6 2.3% 45 103.8
Logans Gap Wind | U2 Apr-16 83.8 83.4 -0.5% 775 -7.6% 86.6 3.3% 45 106.3
Lone Star-M ite Wind Sep-08 140.4 147.6 5.1% 128.9 -8.2% 168.1 19.7% 136 200
Lone Star-Post Oak Wind Mar-09 149.1 152.7 2.4% 134.7 -9.6% 170.5 14.4% 130 200
Longhorn Wind North U1 Mar-16 91.0 93.0 2.2% 91.0 0.0% 94.0 3.3% 46 100
Longhorn Wind North U2 Dec-15 88.9 93.2 4.9% 88.9 0.0% 95.0 6.9% 49 100
Loraine Windpark | Dec-10 30.4 36.0 18.5% 25.9 -14.8% 42.3 39.2% 109 126
Loraine Windpark Il Dec-10 27.8 36.6 31.8% 25.7 -7.6% 43.3 55.7% 109 1245
Loraine Windpark IlI Jan-12 16.2 20.5 26.3% 16.2 0.0% 22.6 39.4% 96 26
Loraine Windpark IV Dec-12 17.4 17.3 -0.7% 5.0 -71.5% 20.8 19.1% 85 24
Los Vientos Wind | Oct-13 148.5 165.5 11.4% 148.5 0.0% 175.1 17.9% 75 200.1
Los Vientos Wind Il Nov-13 153.3 152.2 -0.8% 134.4 -12.3% 164.3 7.2% 74 201.6
Los Vientos Il Wind Feb-16 154.0 168.6 9.5% 154.0 0.0% 175.9 14.3% a7 200
Los Vientos IV Wind Apr-17 167.7 175.3 4.5% 167.7 0.0% 180.0 7.3% 33 200
Los Vientos V Wind Nov-16 91.9 93.8 2.1% 91.7 -0.2% 96.8 5.4% 38 110
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Table 5: Summary of 90th Percentile Hourly Wind Power Analysis for 141 Sites in Texas (Continued)

12-Month Sliding 90th Percentile
Hourly Wind Report
y First Year Average Minimum Maximum No. of Capacity
Wind Farm Months of (Mw)
Data
First 12-mo % Diff. vs. % Diff. vs. First % Diff. vs. First
Ending Mo. MW MW First 12-mo MW 12-mo MW 12-mo

|Magic Valley Wind (Redfish) 1A Apr-13 88.6 86.0 -2.9% 79.3 -10.5% 90.7 2.4% 81 99.8
Magic Valley Wind (Redfish) 1B Jul-13 94.2 89.7 -4.8% 83.8 -11.1% 94.6 0.4% 78 103.5
McAdoo Wind Dec-09 111.7 136.5 22.2% 111.7 0.0% 143.6 28.5% 121 150
Mesquite Creek Wind 1 Dec-15 93.3 93.2 -0.1% 87.4 -6.3% 97.7 4.7% 49 105.6
Mesquite Creek Wind 2 Dec-15 90.5 91.4 1.0% 84.8 -6.3% 96.2 6.2% 49 105.6
Miami Wind G1 Aug-15 125.8 130.0 3.3% 125.8 0.0% 132.6 5.4% 53 144
Miami Wind G2 Aug-15 126.0 130.5 3.6% 126.0 0.0% 133.4 5.9% 53 144
Notrees Windpower Feb-10 103.7 1129 9.0% 103.7 0.0% 122.9 18.6% 119 153
Ocotillo Windpower Dec-09 39.1 39.9 2.0% 27.3 -30.2% 47.2 20.7% 121 58.8
P: dle Wind 1 Ul May-15 94.5 97.8 3.6% 93.5 -1.1% 101.3 7.2% 56 109
P: Wind 1 U2 May-15 90.6 93.7 3.4% 87.1 -3.8% 98.0 8.2% 56 109
Panhandle Wind 2 U1 Oct-15 88.2 87.9 -0.4% 84.8 -3.8% 90.0 2.0% 51 94
Panhandle Wind 2 U2 Sep-15 90.2 90.7 0.7% 88.1 -2.3% 93.4 3.6% 52 97
Panther Creek 2 Dec-09 91.8 96.4 5.0% 83.5 -9.0% 104.2 13.5% 121 1155
Panther Creek 3 Aug-10 128.5 155.1 20.7% 120.0 -6.6% 177.1 37.8% 113 199.5
Panther Creek Dec-09 114.4 121.4 6.1% 107.8 -5.8% 128.9 12.7% 121 142.5
Papalote Creek Phase Il Dec-11 174.2 164.5 -5.6% 154.2 -11.5% 176.3 1.2% 97 200.1
Papalote Creek Wind Farm Dec-10 150.1 133.2 -11.3% 39.6 -73.6% 157.9 5.2% 109 180
Penascal Wind 1 Feb-11 133.2 1245 -6.5% 99.7 -25.2% 1415 6.2% 107 161
Penascal Wind 2 Dec-09 83.3 108.3 30.0% 80.7 -3.1% 125.4 50.5% 121 142
Penascal 3 May-11 87.1 75.8 -13.0% 65.7 -24.6% 88.8 2.0% 104 101
Pyron Dec-09 157.2 192.4 22.5% 151.4 -3.7% 220.1 40.0% 121 249
Rattlesnake Den Wind Phase 1 G1 Mar-16 97.0 95.6 -1.5% 81.6 -15.8% 99.7 2.8% 46 104.3
Rattlesnake Den Wind Phase 1 G2 Mar-16 93.5 92.3 -1.2% 81.0 -13.4% 97.3 4.0% 46 103
Red Canyonl Aug-07 76.4 75.5 -1.1% 71.0 -7.0% 79.1 3.6% 149 84
Roscoe Wind Farm Dec-08 169.4 153.3 -9.5% 108.1 -36.2% 179.8 6.2% 133 209
Route 66 Wind Mar-16 139.0 140.1 0.8% 132.9 -4.4% 142.6 2.5% 46 150
Saltfork_Unit1 Aug-17 58.1 60.6 4.3% 58.1 0.0% 61.7 6.2% 29 64
Saltfork_Unit2 Aug-17 100.9 104.2 3.3% 100.9 0.0% 105.4 4.4% 29 110
Sand Bluff Wind Nov-08 69.4 64.4 -7.2% 48.5 -30.2% 75.4 8.6% 134 90
Senate Wind Sep-13 127.1 125.7 -1.1% 119.0 -6.4% 132.2 4.0% 76 150
Sendero Wind Energy Aug-16 67.2 70.4 4.8% 67.2 0.0% 72.4 7.7% 41 76
Shannon Wind Oct-16 175.3 179.5 2.4% 175.3 0.0% 183.9 4.9% 39 204.1
Sherbino 1 Wind Dec-09 104.7 107.1 2.4% 77.5 -26.0% 128.1 22.4% 121 150
Sherbino 2 Wind Dec-12 125.7 91.9 -26.9% 36.8 -70.7% 125.7 0.0% 85 150
Silver Star Wind Apr-09 40.6 42.7 5.3% 16.5 -59.4% 50.5 24.4% 129 60
Snyder Wind Project Dec-08 46.5 44.2 -5.0% 34.2 -26.3% 50.9 9.6% 133 63
South Plains Wind 2 Jul-16 89.2 90.7 1.7% 88.1 -1.2% 92.5 3.7% 42 98
South Plains Wind Il A Dec-16 120.2 135.5 12.7% 120.2 0.0% 141.3 17.5% 37 148.5
South Plains Wind Il B Dec-16 137.7 1415 2.8% 128.1 -6.9% 145.1 5.4% 37 151.8
South Plains Wind | Jul-16 94.8 93.8 -1.0% 90.7 -4.4% 95.5 0.8% 42 102
South Trent Wind Farm Dec-09 67.7 83.1 22.8% 65.4 -3.5% 91.0 34.4% 121 101.2
Southwest Mesa Wind Farm Dec-02 51.1 43.3 -15.2% 11.9 -76.6% 56.5 10.6% 205 74.6
Spinning Spur 3 [Wind 1] Apr-16 87.5 90.5 3.4% 87.5 0.0% 91.6 4.7% 45 96
Spinning Spur 3 (Wind 2) Apr-16 88.4 92.8 4.9% 88.4 0.0% 93.9 6.2% 45 98
Spinning Spur Wind Two May-15 140.9 145.9 3.6% 140.9 0.0% 149.4 6.1% 56 161
Stanton Wind Energy Dec-08 79.4 96.4 21.4% 79.4 0.0% 107.1 34.8% 133 120
Stephens Ranch Wind 2 Mar-16 144.3 148.9 3.3% 1443 0.0% 151.9 5.3% 46 164.7
Stephens Ranch Wind 1 Nov-15 182.9 189.0 3.3% 182.9 0.0% 193.1 5.6% 50 211

Wind 1 Dec-04 34.1 32.9 -3.4% 28.8 -15.4% 35.8 5.0% 181 375

Wind 2 Jan-06 71.4 82.1 15.1% 71.4 0.0% 89.5 25.4% 168 97.5

Wind Farm 3 Dec-06 99.6 101.2 1.6% 67.1 -32.7% 111.2 11.6% 157 135
Sweetwater Wind 4 Mar-08 161.0 171.3 6.4% 153.2 -4.9% 182.2 13.2% 142 240.8

Wind 5 Dec-08 66.5 62.4 -6.1% 56.3 -15.3% 69.3 4.3% 133 80.5

Wind24 Mar-08 13.1 13.7 4.7% 12.0 -8.7% 14.8 13.3% 142 16
Trent Mesa Wind Farm Dec-02 108.8 113.2 4.0% 34.2 -68.5% 132.8 22.0% 205 150
Trinity Hills Wind Farm 1 Dec-12 78.8 77.8 -1.3% 35.7 -54.7% 89.3 13.3% 85 118
Trinity Hills Wind Farm 2 Dec-12 74.8 75.9 1.5% 35.9 -52.0% 88.0 17.7% 85 108
Turkey Track Wind Energy Center Dec-09 77.4 125.4 62.1% 76.5 -1.1% 143.1 85.0% 121 169.5
Tyler Bluff Wind Aug-17 104.0 107.8 3.7% 104.0 0.0% 110.7 6.5% 29 125.6
Vertigo Wind (Formerly Green Pastures  Nov-16 1235 129.8 5.1% 121.3 -1.8% 133.4 8.0% 38 150
Wake Wind 1 Apr-17 109.3 109.1 -0.2% 107.4 -1.8% 110.2 0.8% 33 114.9
Wake Wind 2 Apr-17 136.0 1355 -0.4% 133.3 -2.0% 137.0 0.7% 33 142.3
Whirlwind Dec-08 54.0 51.8 -4.1% 39.8 -26.3% 56.9 5.4% 133 60
Whitetail Wind Oct-13 72.9 68.4 -6.1% 64.2 -11.9% 73.1 0.3% 75 92
Windthorst 2 Wind Oct-15 50.3 56.7 12.6% 50.3 0.0% 59.4 18.1% 51 68
'WKN Mozart Wind Oct-13 22.4 22.2 -1.1% 20.4 -9.0% 25.8 15.0% 75 30
Wolf Ridge Wind Dec-09 105.9 101.3 -4.4% 87.5 -17.4% 108.8 2.7% 121 112.5
Woodward Wind Farm Dec-02 85.3 94.4 10.7% 65.2 -23.5% 112.4 31.8% 205 159.7

Weighted Average: 4.2% -14.1% 14.5% Total: 18114.2
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3.4 Analysis of other renewable sources

Five specific renewable sources were determined: solar, biomass, hydroelectric, geothermal, and landfill gas-fired.
To generate/save energy throughout the State of Texas, six types of renewable energy projects were identified: solar
photovoltaic (PV) including solar power, solar thermal, biomass power, hydroelectric power, geothermal HVAC,
and landfill gas-fired power projects. The solar photovoltaic project accounts for non-utility scale PV installations in
Texas whereas the solar power project accounts for utility-scale (solar power plant) constructions. Table 6 presents
the number of newly located renewable energy projects and total renewable energy projects included in this report.

This report also presents county-wide annual/OSP energy savings and annual NOx emission reductions for solar
photovoltaic, including solar power, solar thermal, biomass, and hydroelectric projects. The annual/OSP energy
savings calculation for solar photovoltaic and solar thermal was conducted based on the project data from various
web sources. The power generation data for the other renewable energy projects (solar power, biomass, and
hydroelectric), which were obtained from the ERCOT, were used to evaluate the annual/OSP energy generation.
Then, the annual NOx emission reductions calculation was conducted with the special version of Texas 2016 eGrid.

In 2019, the total annual/OSP energy savings from each renewable projects across all the counties were:
e solar photovoltaic projects (non-utility scale): 418,001 MWh/yr and 1,283 MWh/day;
in addition, solar power projects (utility-scale): 4,412,015 MWh/yr and 14,696 MWh/day,
e solar thermal projects: 250 MWh/yr and 0.7 MWh/day,
e  biomass projects: 420,635 MWh/yr and 1,324 MWh/day, and
e hydroelectric projects: 955,864 MWh/yr and 3,096 MWh/day.

In 2019, the annual NOx emission reductions from renewable projects across all the counties were:
o solar photovoltaic projects (non-utility scale): 153.3 tons/yr;
in addition, solar power projects (utility-scale): 2277.2 tons/yr,
e solar thermal projects: 0.1 tons/yr and,
e hydroelectric projects: 341.5 tons/yr.

Table 6: Number of Identified Projects for Other Renewable Sources

Number Total Annual Measured/ OSP Measured/ NOx Emission
Renewable Energy of 2019 Number | Estimated Electricity | Estimated Electricity Reductions in
Projects New of Generation in 2019 Generation in 2019 2019
Projects Projects [MWhlyr] [MWh/day] [tons/yr]
Solar photovoltaic® 7 N/A 29,406 418,001 1,283 153.3
Solar Power 3 21 79 4,412,015 14,696 2277.2
Solar Thermal 2 2 40 250 0.7 0.1
Biomass® 0 14 420,635 1,324 -
Hydroelectric 0 30 955,864 3,096 341.5
Geothermal 8 294 - - -
Landfill Gas-Fired® 0 34 - - -

6 Based on previous report data, the “Tracking the Sun” project dataset of Lawrence Berkeley National Laboratory (LBNL) (https://emp.lbl.gov/tracking-the-sun/)
is newly integrated from the 2020 report due to the service termination of the NREL “OpenPV” database. Thus, the total number of PV projects until 2019, including
PV projects from various websites, is now 29,406. Previously, it was 4,794.

"The utility scale solar power used measured data of annual generations while non-utility scale solar photovoltaic and non-utility solar thermal used the estimations of
electricity generations using the ESL calculators.

8 Seven biomass projects had no generation. Therefore, they are excluded from the list for this year. Also, NOx emission reductions for biomass is not reported since
biomass itself has high NOx emissions.

9 Landfill gas-fired projects information from EPA have seven sub-categories for their status: operational, candidates, potential, construction, shutdown, planned, and
other. EPA rearranged/added/removed some projects information within the seven sub-categories. Operational projects were considered for the number of the projects.
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3.5  Review of electricity savings and transmission planning study reported by ERCOT

In this report, the information posted on ERCOT’s Renewable Energy Credit (REC) Program site
www.texasrenewables.com was reviewed. In particular, information posted under the “Public Reports” tab was
downloaded and assembled into an appropriate format for review. This includes ERCOT’s 2001 through 2019
reports to the Legislature and information from ERCOT’s listing of REC generators.

Each year ERCOT is required to compile a list of grid-connected sources that generate electricity from renewable
energy and report them to the Legislature. Table 7 contains the data reported by ERCOT from 2001 to 2019. Figure
7 is included to better illustrate the annual data collected by ERCOT. Other sources present different renewable
electricity generation values on biomass, wind and hydro, but those are explained in general because the numbers
reported in this report are focused on the ERCOT region.

Table 7: Annual Electricity Generation by Renewable Resources (MWh, ERCOT: 2001 - 2019)%°

Year Biomass Hydro Landfill gas Solar® Wind Total
(MwWh) (MWh) (Mwh) (MWh) (Mwh) (Mwh)

2001 0 30,639 0 0 565,597 596,236
2002 0 312,093 29,412 87 2,451,484 2,793,076
2003 39,496 239,684 154,206 220 2,515,482 2,949,087
2004 36,940 234,791 203,443 211 3,209,630 3,685,014
2005 58,637 310,302 213,777 227 4,221,568 4,804,512
2006 60,569 210,077 306,087 470 6,530,928 7,108,131
2007 54,101 382,882 356,339 1,844 9,351,168 10,146,333
2008 70,833 445,428 387,110 3,338 16,286,440 17,193,150
2009 73,364 507,507 412,923 4,492 20,596,105 21,594,390
2010 97,535 609,257 464,904 14,449 26,828,660 28,014,805
2011 137,004 267,113 497,645 36,580 30,769,674 31,708,016
2012 288,988 389,197 549,037 139,439 32,746,534 34,113,195
2013 200,564 294,238 550,845 178,326 36,909,385 38,133,358
2014 343,469 240,792 518,580 312,757 40,644,362 42,059,961
2015 349,600 414,289 561,915 410,318 45,165,341 46,901,462
2016 247,643 393,740 518,403 848,410 57,796,161 59,804,357
2017 216,431 444,453 446,119 2,289,394 66,076,742 69,473,139
2018 287,014 334,460 395,428 3,183,238 73,960,577 78,160,716
2019 153,531 248,783 335,361 4,465,696 81,472,592 86,675,964

NOTE: The REC Program tracks renewable generation in Texas, including non-ERCOT regions of Texas.*

10 Solar includes the utility scale solar power only
1 https://www.texasrenewables.com/reports.asp
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Annual Electricity Generated in Texas by Renewable Sources
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Figure 7: Electricity Generation by Renewable Resources (ERCOT: 2001-2019 Annual)
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4  Calculated NOx Reductions Potential from Energy Savings of New Construction in 2019

A complete reporting of the savings, using 2008 base year (the implementation of the 2015 IECC and the ASHRAE
Standard 90.1-2013), requires tracking and analyzing savings for new construction buildings that undergo a building
permit. The adoption of the energy code and standard in Texas is expected to impact the following types of
buildings:

single-family residential
multi-family residential
commercial

industrial

The following sections report the calculated energy savings associated with new construction activities for both
residential (i.e., single-family and multi-family*?) and commercial buildings.

4.1 2019 Results for New Single-family Residential Construction

This section provides the potential electricity and natural gas savings and the associated NOx emissions reductions
in 2019 using the 2008 base year which implemented the 2015 IECC for new single-family residences in Texas,
including the 42 non-attainment and affected counties as well as other counties in the ERCOT region.*® To calculate
the NOx emissions reductions, the following procedures were adopted. First, new construction activity was
determined by county. To accomplish this, the number of 2019 building permits per county was obtained from the
real estate center at Texas A&M University (REC 2020). Next, energy savings attributable to the 2015 IECC were
calculated using the Laboratory’s code-traceable, DOE-2.1e simulation, which was developed for the TERP. For the
savings calculation, the 2018 Home Innovation Research Labs (HIRL) data* were used to determine the appropriate
construction data corresponding to housing types. Then the NOXx reductions potential from the electricity and natural
gas savings in each county was calculated using the US EPA’s 2016 eGRID database (USEPA 2016).%°

In Table 8, the 2019 new single-family and 2015 IECC code-compliant building characteristics are shown for each
county. The building characteristics reflect those published by the HIRL, ARI, and GAMA for Texas. The 2015
IECC code-compliant characteristics are the minimum building code characteristics required for each county for
single-family residences (i.e., Type A.1). In Table 8, the rows are first sorted by the US EPA’s non-attainment,
affected designation, and then other ERCOT counties alphabetically. Next, in the fourth column, the HIRL’s survey
classification is listed. The fifth through eighth columns show the HIRL’s survey data: average glazing U-value,
Solar Heat Gain Coefficient (SHGC), roof insulation, and wall insulation, respectively. In addition, the ninth
through twelfth columns show the 2015 IECC minimum requirements for glazing U-value, SHGC, roof insulation,
and wall insulation.

The corresponding values in IECC and effective regulations are applied to the air-conditioner efficiency, furnace
efficiency (AFUE), and domestic water heater efficiency. The values shown in Table 8 represent the only changes
that were made to the simulation to obtain the savings calculations. In cases where the 2019 values were more
efficient than the 2015 IECC requirements, the 2018 values were used in the 2019 new single-family simulations.
Otherwise, the 2015 IECC values were used in both simulations.*® For example, in Collin County, according to the
HIRL’s survey data, the roof insulation is R-29.72, which is less than the code-required insulation of R-38.
Therefore, R-38 was used in the 2019 simulation.

12 The potential energy savings and NOX reductions analysis from energy savings of new single- and multi-family constructions in 2016 through
2019 includes the related provisions for both systems and envelope in 2015 IECC, whereas in previous years analysis only the related provisions
to the envelope from the corresponding code were included.

3 The three new counties added in the 2003 Legislative session (i.e., Henderson, Hood, and Hunt) were included in the ERCOT region.

14 1n 2013, the NAHB Research Center announced that it has changed its name to Home Innovation Research Labs (HIRL). See more at:
http://www.homeinnovation.com

15 This preliminary analysis does not include actual power transfers on the grid, and assumes transmission and distribution losses of 7%. Counties
were assigned to utility service districts as indicated.

16 2018 HIRL data and 2015 IECC are used for the 2019 new code-compliant simulations and 2008 NAHB data and 2006 IECC are used for the
base-year simulations
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In Table 9 the code-traceable simulation results for single-family residences are shown for each county. In a similar
fashion to Table 8, Table 9 is first divided into the US EPA’s non-attainment and affected classifications, followed
by an alphabetical list of other ERCOT counties and other counties in Texas. In the third column, the 2015 IECC
climate zone is listed followed by the number of new projected housing units'’ in the fourth column. In the fifth
column, the total simulated energy use is listed if all-new Construction had been built to pre-code specifications. In
the sixth column, the total county-wide energy use for code-compliant Construction is shown. The values in the fifth
and sixth columns come from the associated 24 simulation runs for each county, which were then distributed
according to the HIRL’s survey data, to account for 1 story, 2 story, slab-on-grade, crawlspace, and three different
system types (i.e., central air conditioning with electric resistance heating, heat pump heating, or a natural gas-fired
furnace). In the seventh column, the total annual electricity savings are shown for each county. A 7% transmission
and distribution loss is used in the 2019 report, which represents a fixed 1.07 multiplier for the electricity use. In the
eighth and ninth columns, the total annual pre-code and code-compliant natural gas use is shown for those
residences that had natural gas-fired furnaces and domestic water heaters. Finally, in the tenth column, the total
annual natural gas savings are shown for each county.

In Table 10, the Competitive Load (CL) Zones?*® assignments for each county are shown. In Table 11, the annual
electricity savings are assigned to CL Zones provider(s) according to Table 10.° The total electricity savings for
each CL Zone, as shown in Table 11, then entered into the bottom row of Table 12, which is the 2016 US EPA’s
eGRID database? for Texas. Next, the county’s NOx reductions (lbs) are calculated using the assigned 2016 eGRID
proportions (Ibs-NOx/MWHh) to each electric power market and each CL zone in the county. The calculated NOx
reductions are presented in the columns adjacent to the corresponding each electric power market and CL Zone
columns. By adding the NOx reductions values in each row, then, the total of the NOx reductions per county (Ibs
and Tons) is calculated. Counties that do not show NOx reductions represent counties that do not have power plants
in eGRID’s database.

1 The number of the new housing units in 2019 were obtained from the Real Estate Center at Texas A&M University.

18 ERCOT region has employed the Competitive Load (CL) zones, and it is currently divided into four zones: Houston (H), North (N), South (S),
and West (W).

1 Of a total of 202 counties, 138 counties are not included in this table since the corresponding providers could not be assigned for these 138
counties.

2 This preliminary analysis does not include actual power transfers on the grid, and assumes transmission and distribution losses of 7%. Counties
were assigned to CL Zones as indicated.
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Table 8: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Single-family Residences

Division 2019 Average 2015 IECC
County Climate Glazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West N SHGC 2 N 2 SHGC N N
(Btu/hr-ft*-F) (hr-ft*-F/Btu) (hr-ft*-F/Btu) (Btu/hr-ft*-F) (hr-ft*-F/Btu) (hr-ft*-F/Btu)
BRAZORIA 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
CHAMBERS 2 East Texas 0.39 053 29.7 14.1 04 0.25 38 13
COLLIN 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
DALLAS 3 West Texas 0.39 053 29.1 172 0.35 0.25 38 20
DENTON 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
ELPASO 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
ELLIS 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
FORT BEND 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
GALVESTON 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
Non-attainment [HARRIS 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
JOHNSON 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
KAUFMAN 3 West Texas 0.39 053 29.1 172 0.35 025 38 20
LIBERTY 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
MONTGOMERY 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
PARKER 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
ROCKWALL 3 \West Texas 0.39 0.53 29.1 17.2 0.35 025 38 20
TARRANT 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
WALLER 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
\WISE 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
BASTROP 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
BEXAR 2 \West Texas 0.39 053 29.1 17.2 0.4 0.25 38 13
CALDWELL 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
COMAL 2 West Texas 0.39 053 29.1 17.2 04 0.25 38 13
GREGG 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
GUADALUPE 2 \West Texas 0.39 053 29.1 172 04 0.25 38 13
HARRISON 3 East Texas 0.39 053 29.7 141 0.35 025 38 20
HAYS 2 West Texas 0.39 053 29.1 172 04 025 38 13
Affected NUECES 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
RUSK 3 East Texas 0.39 053 297 141 0.35 0.25 38 20
SAN PATRICIO 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
SMITH 3 East Texas 0.39 053 29.7 141 0.35 025 38 20
TRAVIS 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
UPSHUR 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
VICTORIA 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
'WILLIAMSON 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
'WILSON 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
ANDERSON 2 East Texas 0.39 053 29.7 14.1 04 0.25 38 13
ANDREWS 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
ANGELINA 2 East Texas 0.39 053 29.7 141 04 025 38 13
ARANSAS 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
ARCHER 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
ATASCOSA 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
AUSTIN 2 East Texas 0.39 053 29.7 141 04 025 38 13
BANDERA 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
BASTROP 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
BAYLOR 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
BEE 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
BELL 2 \West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
BEXAR 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
BLANCO 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
BORDEN 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
BOSQUE 2 \West Texas 0.39 053 291 172 04 0.25 38 13
BRAZORIA 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
BRAZOS 2 East Texas 0.39 053 29.7 14.1 04 0.25 38 13
BREWSTER 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
BRISCOE 4 West Texas 0.39 053 29.1 17.2 0.35 04 49 20
BROOKS 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
ERcoT BROWN 3 West Texas 0.39 053 29.1 172 0.35 025 38 20
BURLESON 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
BURNET 3 West Texas 0.39 053 29.1 172 0.35 0.25 38 20
CALDWELL 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
CALHOUN 2 East Texas 0.39 053 29.7 141 04 025 38 13
CALLAHAN 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
CAMERON 2 East Texas 0.39 053 29.7 14.1 04 0.25 38 13
CHAMBERS 2 East Texas 0.39 053 29.7 14.1 04 025 38 13
CHEROKEE 2 East Texas 0.39 053 29.7 141 04 025 38 13
CHILDRESS 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
CLAY 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
COKE 3 West Texas 0.39 053 29.1 17.2 0.35 025 38 20
COLEMAN 3 West Texas 0.39 053 29.1 172 0.35 0.25 38 20
COLLIN 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
COLORADO 2 East Texas 0.39 053 29.7 14.1 04 0.25 38 13
COMAL 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
COMANCHE 3 West Texas 0.39 053 29.1 172 0.35 025 38 20
CONCHO 3 \West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
COOKE 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
CORYELL 2 West Texas 0.39 053 29.1 17.2 04 025 38 13
COTTLE 3 West Texas 0.39 053 29.1 17.2 0.35 0.25 38 20
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Table 8: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Single-family Residences (Continued)

clirate |—Dvision ] 2019 Average ] 2015 IECC ]
County CGlazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West 5 SHGC 5 5 ) SHGC 5 N
(Btu/hr-ft*-F) (hr-ft°-F/Btu) (hr-ft°-F/Btu) (Btu/hr-ft*-F) (hr-ft°-F/Btu) (hr-ft°-F/Btu)

CRANE 3 |westTeas 0.39 053 29.1 17.2 035 0.25 3 20
CROCKETT 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
CROSBY 3 |WestTewas 0.39 053 201 17.2 035 025 38 20
CULBERSON 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
DALLAS 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
DAWSON 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
DEWITT 2 [EastTexas 0.39 053 20.7 14.1 04 0.25 38 13
DELTA 3 |WestTexas 0.39 053 201 17.2 035 025 38 20
DENTON 3 |westTess 0.39 053 29.1 17.2 0.35 0.25 38 20
DICKENS 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
DIMMIT 2 |WestTesas 0.39 053 201 17.2 04 025 38 13
DUVAL 2 [EastTexas 0.39 053 29.7 14.1 04 0.25 38 13
EASTLAND 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
ECTOR 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
EDWARDS 2 [WestTexs 0.39 053 20.1 17.2 04 0.25 38 13
ELLIS 3 |westTews 0.39 053 201 17.2 035 025 38 20
ERATH 3 |WestTeas 0.39 053 20.1 17.2 035 0.25 38 20
FALLS 2 [WestTess 0.39 053 20.1 17.2 04 025 38 13
FANNIN 3 |westTeas 0.39 053 29.1 17.2 035 0.25 B 20
FAYETTE 2 [EastTexas 0.39 053 20.7 14.1 04 0.25 38 13
FISHER 3 |westTess 0.39 053 201 17.2 035 025 38 20
FOARD 3 |WestTeas 0.39 053 20.1 17.2 035 0.25 38 20
FORT BEND 2 [EastTesas 0.39 053 20.7 14.1 04 025 38 13
FRANKLIN 3 |westTeas 0.39 053 29.1 17.2 035 0.25 3 20
FREESTONE 2 |WestTeas 0.39 053 20.1 17.2 04 0.25 38 13
FRIO 2 |WestTewas 0.39 053 201 17.2 04 025 38 13
GALVESTON 2 [EastTexas 0.39 053 29.7 14.1 04 0.25 38 13
GILLESPIE 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
GLASSCOCK 3 |westTeas 0.39 053 29.1 17.2 035 0.25 3 20
GOLIAD 2 [EastTexas 0.39 053 2.7 14.1 04 0.25 38 13
GONZALES 2 |WestTewas 0.39 053 201 17.2 04 025 38 13
GRAYSON 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
GRIMES 2 [EastTesas 0.39 053 2.7 14.1 04 0.25 38 13
GUADALUPE 2 |westTeas 0.39 053 29.1 17.2 04 0.25 38 13
HALL 3 |WestTeas 0.39 053 20.1 17.2 035 0.25 38 20
HAMILTON 3 |WestTewas 0.39 053 201 17.2 035 025 38 20
HARDEMAN 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
ERCOT Tiiareis 2 [EastTexas 0.39 053 2.7 14.1 04 0.25 38 13
HASKELL 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
HAYS 2 |westTeas 0.39 053 20.1 17.2 04 0.25 38 13
HENDERSON 3 [EastTess 0.39 053 20.7 14.1 035 0.25 38 20
HIDALGO 2 [EastTexas 0.39 053 29.7 14.1 04 0.25 38 13
HILL 2 [WestTeas 0.39 053 20.1 17.2 04 0.25 38 13
HOOD 3 |westTews 0.39 053 201 17.2 035 025 38 20
HOPKINS 3 |WestTeas 0.39 053 20.1 17.2 035 0.25 38 20
HOUSTON 2 [EastTess 0.39 053 20.7 14.1 04 0.25 38 13
HOWARD 3 |westTeas 0.39 053 29.1 17.2 035 0.25 3 20
HUDSPETH 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
HUNT 3 |WestTews 0.39 053 201 17.2 035 025 38 20
IRION 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
JACK 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
JACKSON 2 [EastTes 0.39 053 29.7 14.1 04 0.25 38 13
JEFF DAVIS 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
JIM HOGG 2 |westTesas 0.39 053 201 17.2 04 025 38 13
JIM WELLS 2 [EastTexas 0.39 053 29.7 14.1 04 0.25 38 13
JOHNSON 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
JONES 3 |westTeas 0.39 053 29.1 17.2 035 0.25 3 20
KARNES 2 |WestTeas 0.39 053 20.1 17.2 04 0.25 38 13
KAUFMAN 3 |WestTews 0.39 053 201 17.2 035 025 38 20
KENDALL 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
KENEDY 2 [EastTesas 0.39 053 20.7 14.1 04 0.25 38 13
KENT 3 |westTeas 0.39 053 29.1 17.2 035 0.25 38 20
KERR 3 |WestTeas 0.39 053 20.1 17.2 035 0.25 38 20
KIMBLE 3 |WestTews 0.39 053 201 17.2 035 025 38 20
KING 3 |westTeas 0.39 053 29.1 17.2 0.35 0.25 38 20
KINNEY 2 [westTeas 0.39 053 20.1 17.2 04 0.25 38 13
KLEBERG 2 [EastTes 0.39 053 29.7 14.1 04 0.25 38 13
KNOX 3 |westTeas 0.39 053 20.1 17.2 035 0.25 38 20
LA SALLE 2 [WestTess 0.39 053 20.1 17.2 04 0.25 38 13
LAMAR 3 [EastTexas 0.39 053 29.7 14.1 0.35 0.25 38 20
LAMPASAS 3 [westTeas 0.39 053 20.1 17.2 035 0.25 38 20
LAVACA 2 |EastTexas 0.39 053 207 141 04 025 38 13
LEE 2 |WestTeas 0.39 053 29.1 17.2 04 0.25 38 13
LEON 2 [EastTes 0.39 053 20.7 14.1 04 0.25 38 13
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Table 8: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Single-family Residences (Continued)

Climate Division _ 2019 Average _ _ 2015 IECC _ _
County Glazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West ) SHGC 5 ) N SHGC ) N

(Btu/hr-ft*-F) (hr-ft>-F/Btu) (hr-ft>-F/Btu) (Btu/hr-ft*-F) (hr-ft%-F/Btu) (hr-ft*-F/Btu)
LIMESTONE 2 West Texas 0.39 053 291 17.2 04 0.25 38 13
LIVE OAK 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
LLANO 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
LOVING 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
MADISON 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
MARTIN 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
MASON 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
MATAGORDA 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
MAVERICK 2 West Texas 0.39 0.53 291 17.2 0.4 0.25 38 13
MCCULLOCH 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
MCLENNAN 2 West Texas 0.39 053 291 17.2 04 0.25 38 13
MCMULLEN 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
MEDINA 2 West Texas 0.39 0.53 20.1 17.2 0.4 0.25 38 13
MENARD 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
MIDLAND 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
MILAM 2 West Texas 0.39 053 291 17.2 04 0.25 38 13
MILLS 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
MITCHELL 3 West Texas 0.39 0.53 290.1 17.2 0.35 0.25 38 20
MONTAGUE 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
MONTGOMERY 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
MOTLEY 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
NACOGDOCHES 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
NAVARRO 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
NOLAN 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
NUECES 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
PALO PINTO 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
PARKER 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
PECOS 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
PRESIDIO 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
RAINS 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
REAGAN 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
REAL 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
RED RIVER 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
REEVES 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
REFUGIO 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
ROBERTSON 2 East Texas 0.39 053 297 141 04 0.25 38 13
ROCKWALL 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
RUNNELS 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
RUSK 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
EReoT SAN PATRICIO 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
SAN SABA 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
SCHLEICHER 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
SCURRY 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
SHACKELFORD 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
SMITH 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
SOMERVELL 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
STARR 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
STEPHENS 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
STERLING 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
STONEWALL 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
SUTTON 3 West Texas 0.39 053 291 17.2 0.35 0.25 38 20
TARRANT 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
TAYLOR 3 West Texas 0.39 0.53 20.1 17.2 0.35 0.25 38 20
TERRELL 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
THROCKMORTON 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
TITUS 3 East Texas 0.39 0.53 29.7 14.1 0.35 0.25 38 20
TOM GREEN 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
TRAVIS 2 West Texas 0.39 0.53 20.1 17.2 0.4 0.25 38 13
UPTON 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
UVALDE 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
VAL VERDE 2 West Texas 0.39 0.53 291 17.2 0.4 0.25 38 13
VAN ZANDT 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
VICTORIA 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
WALLER 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
WARD 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
WASHINGTON 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
WEBB 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
WHARTON 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
WICHITA 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
WILBARGER 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
WILLACY 2 East Texas 0.39 0.53 29.7 14.1 0.4 0.25 38 13
WILLIAMSON 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
WILSON 2 West Texas 0.39 0.53 20.1 17.2 0.4 0.25 38 13
WINKLER 3 West Texas 0.39 0.53 291 17.2 0.35 0.25 38 20
WISE 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
YOUNG 3 West Texas 0.39 0.53 29.1 17.2 0.35 0.25 38 20
ZAPATA 2 West Texas 0.39 0.53 29.1 17.2 0.4 0.25 38 13
ZAVALA 2 West Texas 0.39 0.53 20.1 17.2 0.4 0.25 38 13
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Table 9: 2019 Annual Electricity Savings from New Single-family Residences

2019 Summary TRY 2008
precode | C°% A-Ir—ll:ﬁla.l

NQ, of Total compliant Hlec. Precode Code- Total Annual

County Climate Projgcted Annual Total Savngs Total NG | compliant NG Savings

Zone Units Annual Use Total NG Use| (Therm/yr)

(2014) Blec. Use Elec. Use Oy (Therm/yr) | (Therm/yr)
(MWHIYT) | Oy || W 7% of
T&D Loss
BRAZORIA 3 3,207 50,326| 5,856 24,015
CHAMBERS 3 792 12,237 1414 7,706
COLLIN 3 9,259 X 155879 25873 304,969
DALLAS 3 5,547 ! 93041] 15982 137,043
DENTON 3 6,477 126‘3% 108711 18,893 156,771
EL PASO 2 2,433 44,257 37.976] 6,721 30,770
ELLIS 3 193] 37,238 32,087 5512 ) 572,861 47,262
FORT BEND 3 8452 145653  131042]  15683] 1450627] 1364401 95,225
GALVESTON 3 2,197 33@' 34,477 4012 349,204 332,842) 16,452
~ [HarDIN 2 208 3,563 3,214 372] 36,085 34,058 2,027
Nonatain | HaRRIS 2 17008 ao8s21|  orrs7a| 83,14] 3001776 2890071 201,706
County  |JEFFERSON 2 623] 10,672) 9,629) 1117 108072 101,980) 6,092
JOHNSON 2 712 13,860 11,943 2,051 230804 213213 17,591
KAUFMAN 2 542 m‘ﬂ 9,125 1515 203848 185,996 17,852
LIBERTY 2 823 14,101 12,763 1528 141,740 132,733 9,007
MONTGOMERY 3 6082 104,811 94,29:7‘ 11,250] 1050337 981,814/ 68,523
ORANGE 2 269 4@' 4,158 483] 46,664 44,033 2,630
PARKER 2 390 7,387) 6,304 1062 127,115 117,428 9,687
ROCKWALL 2 1,283 24‘@| 21,600 3585] 482541 440,282 42,259
TARRANT 2 8432] 164137 141432 24204] 2733341] 2525021 208,320
WALLER 2 2 414] 372 44 4,145 3874 270
WISE 3 94| 1,828 1,583] 263 35,354 32,258 3,096
BASTROP 2 166 3,065 z,@‘ 409 32,304 27,711 4,593
BEXAR 2 5,083] 95,331 82882] 13320 11543833 991,544 163,289
CALDWELL 3 202 5,300 4,641 706 62,904 53914 8,990
COMAL 3 2,747 51,520 44,792 7199] 624,105 535,859 88,246
GREGG 3 192 3@3‘ 2,974 389) 1,082
GUADALUPE 2 816 15,304 13,306 2,138 26,214
HARRISON 2 56 74| @| 113] 316
At o : - v 7
County i 1 4 h .

RUSK 2 0 o 0 0| 0
SAN PATRICIO 2 339 5,990 5,370) 663] 3158
SMITH 2 502 10,280) 9,212 1143 2,777
TRAVIS 3 9524]  172048]  151398] 23,059 293,469
UPSHUR 3 6 115' &' 16 1504 1478 116
VICTORIA 2 141] 2,456| 2,207 267 23,675 22210 1,465
WILLIAMSON 3 5,233] 99,515 86769] 13688 1528282 1,305,503 222,779
WILSON 2 20 375) 32| 52 4,544 3,901 642
ANDERSON 2 20 338 306) 35 3,715 3479 236
ANDREWS 3 28 520) 450 75 9,645 8,980 664
ANGELINA 2 9% 1,606 1,452 165] 17,648 16,526 1122
ARANSAS 2 241 4,258) 3,818 471 35,311 33,066 2245
ARCHER 3 31 615 531 90 12,410 11,4# 932
ATASCOSA 2 45| 844 734] 118] 10,239 8,792 1447
AUSTIN 2 27 65| 41§| 50) 4,663 4,:@{ 304
BANDERA 2 1 19) 16 3| 227 195 32
BAYLOR 3 0 o 0 0 0 of 0
BEE 2 11 192] 172 21] 1,847 1733 114
BELL 2 2,11]] 41,602 36,060 5930 658,245 567,403 90,841
BLANCO 3 11 206) 176| 33 2,491 2,286) 205
BORDEN 3 19 301 337 58 7,084 6,550 533
BOSQUE 2 7] 138] 120) 20 2,183] 1,881 301
BRAZOS 2 1,009 17@% 15,644 1866] 174250 162,882 11,368
BREWSTER 3 19 361 311 54 6,497 6,015 482
BRISCOE. 4 7 139 122 18 3,516] 2,809 617
BROOKS 2 1 y—l 29 4 E‘ % 21
BROWN 3 154 3,035 2,eﬁ—| 433 48,020 41,393 6,627
BURLESON 2 6 mgl %] 11 1,036) 969 68
BURNET 3 603 11,30 9,631 1,790 136,545] 125,317] 11,228
CALHOUN 2 %2 1,603 1,440 174] 15,448 14,492 956
sreoT  |CALLAHAN 3 11 219) 189] 33 4,547 4,%‘ 348
CAMERON 2 1,3%) 25,447 22,551 3099 178605 162,925 15,680
CHEROKEE 2 17 287 260) 29 3,158 2,957 201
CHILDRESS 3 0| o 0 0 0 0| 0
CLAY 3 3| 59 51 9 1,201 1,111 90
COKE 3 1] 19) 16/ 3 342] 316 26
COLEMAN 3 0 0| of 0 0 0 0
COLORADO 2 13 224 zog| 24 2,245| 2,099 146
COMANCHE 3 0 o 0| 0 0 0| 0
CONCHO 3 1] 19 16] 3 342 317 25
COOKE 3 68 1,322 1,145 189 25,647 23,372 2,275
CORYELL 2 174 3.429) 2,972 489 54,256| 46,76% 7,488
COTTLE 3 0 0| 0| 0 0 0
CRANE 3 0 o 0 0 0 of 0
CROCKETT 3 19 361 31 54 6,497| 6,0§| 482
CROSBY 3 1 21 18 3| 373] 345| 28
CULBERSON 3 8| 145 1zj 22 2,240) 2,139 101
DAWSON 3 0 EI of 0 0 0 0
DEWITT 2 7] 122 110] 13 1,175 1,103 73
DELTA 3 7 136 118 20| 2,633 2,402 231
DICKENS 3 0| o 0 0 0 0 0
DIMMIT 2 0 o 0| 0| 0 0| 0
DUVAL 2 0| o 0 0 0 0 0
EASTLAND 3 5 100 86 15 2,067 1,909 158
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Table 9: 2019 Annual Electricity Savings from New Single-family Residences (Continued)

2019 Summary TRY 2008
Total
Code-

No. of P_rreo C‘Z:je compliant Aglr:fl Precode Code- Total Ar!nua.l

County Climate Projected Annual Total Savings Total NG [ compliant NG Savings

Zone Units Annual Use Total NG Use| (Therm/yr)

@otay | Bee e | g e | (MWAND | vy | (Thermiyr)
(MWhIYT) | iory | W 7% of
T&D Loss

ECTOR 3 743 13,802 11,942 1990 255027 238,206) 17,632
EDWARDS 2 0 0| 0 0 o 0| 0
ERATH 3 35, 697| 600 104 14,466) 13,360) 1,107
FALLS 2 13 256 222, 37 4,054 3404 559
FANNIN 3 30 563 505 84 11,315 10,311 1,003
FAYETTE 2 13 224 202, 24 2,245| 2,009 146
FISHER 3 0 0| 0 0 0 0 0
FOARD 3 0 0 0 0 0 0 0
FRANKLIN 3 2 39] 34 6 752| 686 66
FREESTONE 2 5 99 85 14 1,559) 1304 215
FRIO 2 6 113] %8 16 1.@ 1,172 193
GILLESPIE 3 64 1,200 1022 190 14,492 13,301 1192
GLASSCOCK 3 0| 0 0 0 0 0
GOLIAD 2 0 0 0 0 0 0
GONZALES 2 13 244 212 34 2,954/ 2,536, 418
GRAYSON 3 634 12,322) 10,673 1,765  239,118] 217,%' 21,207
GRIMES 2 102 1,7% 1561 189 17,615 16,4@| 1,149
HALL 3 0 0 0 0 0 0 0
HAMILTON 3 3 % 51 8 93| 806 129
HARDEMAN 3 0| 0| 0| 0 0| of 0
HASKELL 3 3 60[ 51 9 1,240 1,145] 95
HENDERSON 2 66 1,146 1,027 127 15,667 15,358 310
HIDALGO 2 352 64,551 57,205 7,860]  453,065) 413,289 39,776
HILL 2 4 788 683 112 12,473 10,751 1721
HOPKINS 3 2% 506 438 73 9,779 8922 856
HOUSTON 2 1 17 15 2 186 174 12
HOWARD 3 42 780 675 112 14,467 13,470 997
HOOD 2 202, 3,817 3,310) 543 66,159) 61,077 5,081
HUDSPETH 3 0 0 0 0 0 0 0
HUNT 2 290) 5,636] 4,882 807 100376 99,676 9,700
IRION 3 0 0 0 0 0 0 0
JACK 3 0 0 0 0 0 0 0
JACKSON 2 8 139 125 15 1,343 1,260 83
JEFF DAVIS 3 0 0 0 0 0 0 0
JIMHOGG 2 0 0 0 0 0 0 0
JIMWELLS 2 16 283 253 31 2,344 2,195] 149
JONES 3 0 0 0 0 0 0
KARNES 2 60 1,126] 979 158 13,651] 11,705 1,946
KENDALL 3 365, 6,843 5,830 1,084 82,651 75,855 6,796
KENEDY! 2 0 0 0| 0 0 _o| 0
KENT 3 0 0 0 0 0 of 0
KERR 3 88| 1,650] 1,406 261 19,927] 18,288 1,639
ERCOT  [KIMBLE 3 1 19 16 3 342 317, 25
KING 3 0 0 0 0 0 0 0
KINNEY 2 0| 0 0 0 o 0| 0
KLEBERG 2 37 654 583 77 5‘@| 4,@| 417
KNOX 3 0 0 0 0 o 0| 0
LASALLE 2 0 0| 0 0 o of 0
LAMAR 3 31] 539) 480 63 s,g 6.808| 177
LAMPASAS 3 32 631] 547 90 0,078 8,601 1377
LAVACA 2 18 338 299 41 3,815| 3,633 182
LEE 2 20 363 318 48 4,30 3,693] 616
LEON 2 0 0| 0 0 0 0 0
LIMESTONE 2 14 276 239 39 4,365) 3,763 602
LIVEOAK 2 5 88 79 10 733 686 47
LLANO 3 107 2,006 1,709 318 24,229 22,237 1992
LOVING 3 0 0| 0 0 0 0| 0
MADISON 2 7 121 109 13 1,209 1,130 79
MARTIN 3 16 297 257, 43 5511 5132 380
MASON 3 4 75 64 12 906 831 74
MATAGORDA 2 156 2,718] 2,442 295 26,194 24,573 1,621
MAVERICK 2 88 1,7Bj 1534 269 17,629) 15,218 2,611
MCCULLOCH 3 0 0| 0 0 _o| 0 0
MCLENNAN 2 863 17,007 14,742 2,424 269,098 231,961 37,137
MCMULLEN 2 0 0| 0 0 0 0 0
MEDINA 2 2 488 424 68 5,907 5,072) 835
MENARD 3 0 ﬁ 0 0 0 0 [
MIDLAND 3 1,290 23,962 20733 3455 444,342 413,730 30,612
MILAM 2 8 158 137, 23 2,495 2,150) 344
MILLS 3 0 0 0 0 0 0 [
MITCHELL 3 5 100 86| 15 2,067 1,909] 158
MONTAGUE 3 9| 175 152] 25 3,394] 3,003 301
MOTLEY 3 0 0 of [ 0| 0 [
NACOGDOCHES 3 21 365 35{ 42 4.752) 4,630) 121
NAVARRO 3 312) 6,149) 5,330) 877 97,287 83,861 13426
NOLAN 3 5 100 86 15 2,067 1,909] 158
PALO PINTO 3 10 199 171] 30 4,133 3817 316
PECOS 3 6 114 % 17 2,052 1,809 152
POTTER 4 446 7,760 6,999 814 70,908 67,568 3,340
PRESIDIO 3 21 399) 343 59 7,180) 6,648 533
RAINS 3 18 350 303] 50 6,770 6,177 593
REAGAN 3 0 0 o] 0 0 0 0
REAL 2 0 0 of [ 0 0 [
RED RIVER 3 6 104 9g| 12 1352 1318 34
REEVES 3 67 1,245 1,077 179 23078 21,488 1590

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 38

Table 9: 2019 Annual Electricity Savings from New Single-family Residences (Continued)

2019 Summary TRY 2008
precoce | % | prm

. Nf" of Total compliant Hlec Precode Cuc?- Total Aqnual

Climate Projected Total e Total NG | compliant NG Savings

County Zone Units Annual Annual SEIES Use Total NG Use| (Therm/yr)

(2014) Blec.Use | g0 e | (WA | vy | (Thermiyr)
W) | gy | W% of
T&D Loss

REFUGIO 2 49 854 767, 93 8,227 7,718 509
ROBERTSON 2 76 1,310) 1178 141] 13,125 12,269 856
RUNNELS 3 5| gﬂ 82 14] 1,710| 1,583 127
SAN SABA 3 3 ;% 48] 9 679 623 56
SCHLEICHER 3 0 o 0 0 0 0 0
SCURRY 3 3| 62 53 9 1,118 1,034 84
SHACKELFORD 3 0| E| 0 0 0 0 0
SOMERVELL 3 19 370] 319 55 6,150 5,690 469
STARR 2 3 55 49 7 385 352 34
STEPHENS 3 4 80 69 12 1,@ 1,527 126
STERLING 3 0| 0 0 0| 0 0 0
STONEWALL 3 0 0 0 0 0 0 0
SUTTON 3 0 o 0 0 0 0
TAYLOR 3 343 6,833 5879 1020 141,771 10,846
TERRELL 3 0 0 0 0 0 0
THROCKMORTON 3 0 o 0 0 0 0
mReor TS 3 34| 52| 527 69 7,661 195
TOM GREEN 3 283 5374 4,626 801 96,764 7179
UPTON 3 4 74| 674| 11 1,380 95
UVALDE 2 28 Sﬁ‘ 457 73 6,361 899
VAL VERDE 2 123 2,307 2,00 322 27,945 3951
VAN ZANDT 3 32 622| 539) 89 1z‘oa€| 1,054
WARD 3 0 o of 0 0 0
WASHINGTON 2 55 4| @{ 102 9,498 620
\WEBB 2 1302 26,426 22,703 3,984] 263791 225,164 38,627
WHARTON 2 125 2178 1,957| 237 20,989 19,600| 1299
WICHITA 3 % 1,963 LGE{ 287 30,632 36,657 2975
WILBARGER 3 2 0] 4 6 801, 741 60
WILLACY 2 42| 746 103 5,911] 5,392) 519
WINKLER 3 3 56 48 8 1,033 962, 71
\wooD 3 17 319] 277, 45 4517 4,187 329
YOUNG 3 2 0| 34 6 827, 763 63
ZAPATA 2 0 0| 0 0 0 0 0
ZAVALA 2 0 0| 0 0 0 0 0
ARMSTRONG 4 8 150] 140 21 4,019) 3313 705
BAILEY 4 0 0 0 0 0 0 0
BOWIE 3 50 870 775 102 11,266 10,980 286
CAMP 3 122 108 14 1577 1537 40
CARSON 4 3 60 d 8 1,507] 1,242 264
CASS 3 16 27| 248 33 3,605 3514 92
CASTRO 4 0 0 0 0 0 0 0
COCHRAN 4 0 0 0 0 0 0 0
COLLINGSWORTH 3 0 0| 0 0 0 0 0
DALLAM 4 5 o 87 13 2512 2,071 441
DEAF SMITH 4 2 0| 35 5| 1,005 828 176
DONLEY 4 0| o 0| 0 0 0 0
FLOYD 4 0| o 0 0 0 0 0
Gaines 3 2 37 2 5| 689 641, 47
GARZA 3 2 40 34| 6 826 763 63
GRAY 4 1 20 17 3 502‘ Ad 88
HALE 4 9 179 157 23 4521 3,721 793
HANSFORD 4 2 40 35 5| 1,005 828 176
HARTLEY 4 0| 0 0 0 0 0 0
HEMPHILL 3 0| o 0 0 0 0 0
HOCKLEY 4 9 179) 157 23 4521 3,727 793
HUTCHINSON 4 0| 0 0 0| 0 0 [
JASPER 2 2 548 495 57 5,551 5,233 313
LAMB 4 5 %9 87 13 2512 2,071 441
2;3?; LIPSCOMB 4 0 o o 0 o o 0
COUNTIES |EUBBOCK 3 1,507 zg,@’ 25820 4,471 ezzl@l 574,740) 47,388
LYNN 3 1] 20 17 3 413 381 31
MARION 3 4] 70] 62 8 03] 881, 23
MOORE 4 16 318 279 41 8,037 6,626 1411
MORRIS 3 1 17 15 2 225 220 6
NEWTON 2 0 o 0 0 0 0 0
OCHILTREE 4 1] 20 17 3 502 414 88
OLDHAM 4 0 0 0 0 0 0 0
PANOLA 3 8 139) 124 16 1810 1,764 46
PARMER 4 1 ﬁ 17 3 5oﬂ 414 88
POLK 2 268 4,590 4,142 480 46,494 43883 2,611
RANDALL 4 o7 1,025 1,692) 250 48‘72§| 40173 8,552
ROBERTS 4 0 0| 0 0 0 0 [
SABINE 3 1 17 15 2 2@{ 220 6
San Augustine 3 0| 0) d 0 0| 0| 0
SAN JACINTO 2 304 6,794 6,110[ 731 67,856 63,544 4312
SHELBY 3 1] 17 15] 2 226 220 6
SHERMAN 4 11 218 192 28 5525 4,556) 970
SWISHER 4 0 0| 0 0 0 0 0
TERRY 3 0 0 0 0 0 0 0
TRINITY 2 3 51 46 5 557, 522, 35
TYLER 2 6 103 93] 11 1,041 982 58
WALKER 2 353 e,oél 5473 653 60,962 56,985 3977
WHEELER 3 0 0 0 0 0 0 0
YOAKUM 4 4 79 70 10 2,009 1,657 353
TOTAL 129,140 308,980 2,862,132
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Table 10: Allocation of CL Zones for Each of Applicable ERCOT Counties

CL Zones Percentage
Plant H N w S
Anderson _|Apex Bethel Energy Center 13.35 81.87 3.95 0.84
A:sgen Biomass Power Plant 13.35 81.87 3.95 0.84
Pinecrest Energy Center
Atascosa San Miguel 11.04 0.74] 0.04 88.18
|Bastrop Clean Energy Center |
Bastrop Lost Pines 1 11.04 0.74 0.04] 88.18
Sim Gideon
Bell Panda Temple Power Station 13.35 81.87 3.95 0.84
Covel Gardens Gas Recovery
K Spruce
] T Deely
Leon Creek

Nelson Gardens Landfill Gas to Energy

Bexar O W Sommers 11.04 0.74 0.04 88.18
Tessman Road
V H Braunig
Mission Road
University of Texas at San Antonio

UTSA TEP II
W B Tuttle
Bosque Bosque County Power Plant 13.35 81.87| 3.95 0.841
Ascend Performance Materials Texas Inc.
BASF Freeport Works

Freeport Energy
Brazoria  {iceportEnergy Center | 99.06 0.01] 0.00 0.93
Oyster Creek Unit VIII

Power Island
Sweeny Cogeneration Facility

Freeport LP Pretreatment Facility
[Bryan (TX)

Brazos Central Utility Plant - Texas A&M 13.35 81.87 3.95 0.84
Roland C. Dansby Power Plant
CFB Power Plant

Formosa Utility Venture Ltd

Pomt.Comfort Operations 11.04 0.74 0.04 88.18
Seadrift Coke LP
Union Carbide Seadrift Cogen

Port Comfort Power LLC
Silas Ray
Cameron La Palma 11.04 0.74 0.04] 88.18,
La Paloma Energy Center
Baytown

Baytown Energy Center

Chambers ~ [Cedar Bayou 99.06 0.01] 0.00 0.93
Cedar Bayou 4

Enterprise Products Operating

Mont Belvieu Cogeneration Unit

Stryker Creek
Cherokee Neches Station, LLC 13.35 81.87 3.95 0.84]
Coke ameson Gas Processing Plant 0.10 0.58| 99.31 0.01
McKinney LEG
Collin Ray Olinger 13.35 81.87| 3.95 0.84]
University of Texas at Dallas
[Sky Global Power One
Rockwood Energy Center LLC
Comal Mesquite Creek LEGTE Project 11.04 0.74] 0.04] 88.18
Ameresco Dallas LLC
Lake Hubbard
Mountain Creek Generating Station
|Skyline Gas Recovery
State Farm Insur Support Center Central
CE Newman
North Lake
Parkdale
Denton Power LLC
Denton ~ {iWGasRecovery | 1335 81.87 395 0.84
Farmers Branch Renewable Energy Facility
Spencer
Ector County Energy Center
Ector Odefsa Ector Generating Station 0.10 0.58 99.31 0.01
Quail Run Energy Center
Texas Clean Energy Project
Ennis Power Company, LLC
Midlothian Energy’

County

Angelina

Calhoun

Colorado 11.04 0.74 0.04] 88.18,

Dallas

13.35 81.87 3.95 0.84

Ellis 13.35 81.87| 3.95 0.84]

Sam Seymour
F 11.04 74 04 1
Wette  [Winchester Power Park 0 0 0.0 88.18

Brazos Valley Energy, LP.
FortBend |Carbon Capture Plant 99.06 0.01 0.00 0.93
W A Parish

Big Brown

Freestone Power Generation
Frio Pearsall 11.04 0.74] 0.04] 88.18
Coastal Plains

Power Station 4

South Houston Green Power Site
Galveston  |Texas City Cogeneration 99.06 0.01 0.00] 0.93
Bacliff Generating Station
P H Robinson

Power Station 3

Goliad Coleto Creek 11.04 0.74] 0.04] 88.18
Grayson  [andaSherman Power Station 1335 81.87 3.95 0.84
Van Alstyne Energy Center

Grimes Gibbons CreekySteam Elecvtric StaFion 13.35 81.87 3.95 0.84
Tenaska Frontier Generating Station
|Guadalupe Generating Station |
Guadalupe |Rio Nogales Power Project, LP 11.04 0.74 0.04] 88.18,
Clear Springs Energy Center

Freestone 13.35 81.87| 3.95 0.84]
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Table 10: Allocation of CL Zones for Each of Applicable ERCOT Counties (Continued)

CL Zones Percentage

Plant H N w S
Air Liquide Bayport Complex |
Atascosita
Bluebonnet
Channel Energy Center
Channelview Cogeneration Facility
Clear Lake Cogeneration |
Deer Park Energy Center
Exelon Laporte Generating Station
ExxonMobil Baytown Refinery
ExxonMobil Baytown Turbine
Greens Bayou
Helios Plaza CHP Plant
Houston Chemical Complex Battleground
Optim Energy Altura Cogen, LLC |
Pasadena Power Plant
Harris PRSI FCC Generator 99.06 0.01 0.00 0.93
Rice University
San Jacinto Steam Electric Station
Shell Deer Park
T H Wharton
TECO CHP-1
Texas Petrochemicals [
The Methodist Hospital, Gas Turbine
Westhollow Technology Center
Chamon Power LLC
Deer Park Plant

Friendswood Energy |
NET Power La Porte Station

County

Pasadena

Sam Bertron

Webster
|Hays Hays Energy Facility 11.04 0.74 0.04 88.18
Henderson [ Lrinidad 1335 81.87 3.95 0.84

Halyard Henderson Energy Center
Calpine Hidalgo Energy Center |
Frontera Generation Facility

Magic Valley Generating Station
Hidal [oape ey bty Sbon 11.04 0.74 0.04 88.18
1daleo Red Gate Power Plant

Rio Grande Valley Sugar Growers

] L Bates

Hill Hill County Generation Facility 13.35 81.87] 3.95 0.84
Decordova

Hood Wolf Hollow Generating Station 13.35 81.87 3.95 0.84
Wolf Hollow I

Howard C. R. Wing Cogeneration Plant 0.10 0.58, 99.31 0.01

Hunt Power Lane Steam Plant 13.35 81.87, 3.95 0.84

ohnson ohnson County Generation Facility 13.35 81.87] 3.95 0.84

Kaufman Forney Power Plant 13.35 81.87] 3.95 0.84

Lamar ~ {Lamar Power Plant 1335 81.87 395 084
Paris Energy Center

Limestone _|Limestone 13.35 81.87, 3.95 0.84

Llano T C Ferguson Power Plant 11.04 0.74 0.04 88.18
[Sandy Creelc Energy Station |

McLennan |Lake Creek 13.35 81.87| 3.95 0.84
Tradinghouse

Milam Sandow 11.04 0.74 0.04 88.18

Sandow Station

Morgan Creek

Mitchell FGE Texas | 0.10 0.58 99.31 0.01
FGE Texas II
Nacogdocheg Nacogdoches Power LLC 13.35 81.87, 3.95 0.84

Pecan Creek Energy Center

TXU Sweetwater Generating Plant
Barney M. Davis

Corpus Christi

Corpus Christi Energy Center
Corpus Refinery

Nueces Nueces Bay 11.04 0.74 0.04 88.18

Ticona Polymers Inc |
Valero Refinery Corpus Christi West

Nolan 0.10 0.58 99.31 0.01

Lon C Hill
Valero Refinery Corpus Christi East

Palo Pinto  |R W Miller 13.35 81.87] 3.95 0.84
Westside Landfill Gas Recovery |

Parker North Texas 13.35 81.87| 3.95 0.84
Weatherford

Pecos Yates Gas Plant 0.10 0.58 99.31 0.01

Reagan Midkiff Plant 0.10 0.58 99.31 0.01

Red River _[River Crest 13.35 81.87] 3.95 0.84

Robertson [0k Grove 13.35 81.87 3.95 0.84
Twin Oaks

Rusk Martin Lake - - 13.35 81.87 3.95 0.84
Tenaska Gateway Generating Station

San Patricio [OreROLY Power Facility 11.04 0.74 0.04 88.18
Ingleside Cogeneration

Scurry EG178 Facility 0.10 0.58 99.31 0.01
Handley Generating Station

Tarrant Village Creek Water Reclamation Facility 13.35 81.87 3.95 0.84
Eagle Mountain
North Main

Titus Monticello 13.35 81.87 3.95 0.84
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Table 10: Allocation of CL Zones for Each of Applicable ERCOT Counties (Continued)

CL Zones Percentage
Plant H N w S

County

Austin Gas Recovery
Central Utility Plant
Decker Creek

GRS Sunset Farms
Travis Hal C Weaver Power Plant 11.04 0.74 0.04 88.18|
Robert Mueller Energy Center

Sand Hill Energy Center

Domain Integrated Energy System

Holly Street

Upton Benedum Plant 0.10 0.58 99.31 0.01
Sam Rayburn Plant

Victoria Power Station

Victoria Victoria Texas Plant 11.04 0.74 0.04 88.18|
Victoria City Power LLC
Victoria Port Power LLC

Ward Permian Basin 0.10 0.58 99.31 0.01

Webb Laredo 11.04 0.74 0.04| 88.18
Colorado Bend Energy Center
New Gulf Power Facility

Wharton Colorado Bend 11 11.04] 0.74] 0.04] 88.18
Halyard Wharton Energy Center

S PPG Industries Works 4

Wichita Sienal Hill Generating LLC 0.10 0.58 99.31 0.01

Wilbarger _|Oklaunion Power Station 0.10 0.58 99.31 0.01

Wilson Union Valley Energy Center 11.04 0.74 0.04] 88.18
Bridgeport Gas Processing Plant

Wise Jack County Generation Facility 13.35 81.87 3.95 0.84
Wise County Power Company, LLC

Wood ExxonMobil Hawkins Gas Plant 13.35 81.87 3.95] 0.84

Young Graham 0.10 0.58 99.31 0.01

Table 11: 2019 Totalized Annual Electricity Savings by Electric Power Markets and CL Zones from New Single-
family Residences

Electric Power Market CL Zone e HectrlcE%ig\_nTné]\s( %C?SI] AT bl
Houston (H) 60.073
North (N)
ERCOT 117,945
West (W) 8,543
South (S) 93.260
SPP - 6,405
SERC - 16,033
WECC - 6,721
Total 308,980
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Table 12: 2019 Annual NOx Reductions from New Single-family Residences Using 2016 eGRID

NOX NOX NOX NOX NOX NOX Total Nox | Total Nox
Area County ERCOT-H | Reductions | ERCOT-N | Reductions | ERCOT-W | Reductions | ERCOT-S | Reductions sPP Reductions SERC Reductions | WECC | Reductions | Reductions | Reductions
(Ibs (Ibs) (Ibs) (Ibs) (Its) (Its) (Tons)
Brazora 0.0615737| 0.00] n mnmuoo 000 0,0000000] 0.00] 375363 188
Crarmbers 000 000l 0.0000000] o000l 119623] 0.60)
Louston. |ForLEed 00 00000000) ool se057] 229
Calveston  |Galveston 00 0.0000000] 00| 0.0000000) 00| 82806 0.41f
Area Harris. 00| 0.0000000 00| 00] 7413.84) 371
Liberty 0] 00 00 000) 0.00f
Monigomery 00| 0.0448843] 719.65| 00| 719.65) 0.39)
[Waller 00| 0.0000000] 000 0,0000000) 0 000 0.00]
Beaumont/ |Hardin 00| 0.0007374] 11.82]  0.0000000] 00] 11.82] 0.01]
Port Arthur [Jefferson oo 00| 2876.43] 144
Area[orange 000] 02428943 3894.42]  0,0000000) 000 3894.42] 199]
Colin 00| 00) 0.0000000) 00| 82.72) 0.04]
Dallas 00| 0.0000000} .00) 00] 1651.84) 0.83]
Denton 00| 00 0.0000000] 00] 1200.97] 0.60]
Henderson 00) 00| 0] 150.47) 0.08]
rood ool 00o0000d] 00| 0.0000000] 00l 893.96] 045
catasy Fort [ 00| 0.0000000] 00 0.0000000] 0 2711] 00]]
Worth Area |TATAM 00| 0.0000000 00| 00] 504.51] 0.30]
|ED 0.0002917] 00| 0.0000000] 00} 00] 779.71] 0.39]
[Sohnson 100. 71 0,0000412) 000 0.0000000] 000 0,0000000] 000 11024 00§
Kaufman 0. 0005254 00| 00) 00| 2206.23] 1.10]
Parker 45949 00| 0.0000000} 00| 0.0000000) 00| 50296 0.25]
Rockw all 000 0.0000000] 00 0.0000000] 00 0.0000000] 00 000
Wise 204091]  0.0008358] 00| 0.0000000] 00| 0.0000000] 00| 223396 112
B Paso Area |H Paso 000 0.0000000] 00| 0.0000000] .00 1.2223686| 8215.49)| 8215.49)] 411]
Bexar 124.55| 0.0000510) 00| 0.0000000) .00] 0.00] 12728.27] 6.39)
San Antonio |Comal 337 0.0000014] 00| 0.0000000 .00 0.0000000] 0.00] 344.51] 0.17]
Area  |Guadalupe 0,0025537] 15341 0.0001727) 2031l 00000083 00| 0.0000000] 00 0.00] 207579 104
[Wison 0.0001742| 10.46] 0.0000117] 39| 00| 0.0000000) 00) 0.0000000) 00| 141.59| 0.07]
Bastrop 00020209 12140 0.0001363] 16.08] 0.0000066| .06 0.016139] 1505.21 0.0000000) 00| 0.0000000} .00) 0.0000000) 00] 1642.74] 0.82]
Caldw el 0.0000000| 0.00) 0.0000000) .00) .00) 0.00| 00| 0.0000000} .00) 00] 0.00] 0.00]
Austin Area [Hays 0.0004570) 27.45] 0.0000308] 63| 0.0000015] 01 0.0036495) 340.35]  0.0000000] 00| 0.0000000] 00| 0.0000000] 00] 371.45] 0.19]
[Travis 0.0037244| 223.73] 0.0002512| 2963 0.19] 0.0297443 2773.96] 0.00) 0.00) 0.00) 3027.43] 151
[Wiliamson 0.0000000) 000 0.0000000] .00 0.0000000] .00} 00000000 000 0.0000000] 000] __ 0.0000000] .00 0.0000000] 00| 0.00) 0.00)
Gregg 00000000 000 0.0000000] 00 0.0000000] 000 0.0000000] 000 0.0066563] 4263 0.0000000] .00 0.0000000] 00 4263 0.0
North East|FETSON 0.0000000| 0.00) _ .00 0.0000000] .00) 000 0.2657716] 1702.17] .00) 00] 1702.17] 0.85]
Toxas Area |RUSK 0,0230090 1387.62) 1671285 00068444 58.47] 0 0014457 13483]  0.0000000] 000 0.0000000] 00| 0] 1820377 915
Smith 0.00) .00] 0.0000000) .00} 0.0000000) 000 0.0000000] 00 0.0000000] .00] 00| 0.00) 0.00)
Upshur 000 0,0000000] 0000000000} .00 0,0000000) 000 0,0000000) 00| 0.0000000] .00 0.0000000] 0 000 000
Corpus Christi[Nueces 236.97] 31.38]  0.0000128] )11 0.0315033] 00| 0.0000000} .00) 00] '3206.46) 1.60)
Area_[San Patiicio 39588 0.0004444| 5242 00000215} .18 00525305 00| 0.0000000] 00 0.0000000] 0d] 5356.84] 268
Victoria Area_|Victoria 31.49 00000915 1079 0.0000044] 004
Anderson 0006091 7184 uouoozsa 025] __ 0.0000062| _
Angelina X 14183 170922 59| 00001478
Atascosa .0056173 .16 0.0448662]
Bell 0003169) 903 80 0.000019]
Bosque 0005586) 35  ooosax6e] 40417 0.0001655] 41 00000350)
[Brazos .000630) 790 0003702l 456471 0.0001869] X _
Calhoun 0089052 496 7034 .25
Cameron 0003829 3.00) 3.05] 0.0000012] .01 0 003%75 235 15
Cherokee 0.0003163] 1900 00019403 22884 00000037 080 0.0000198] 185 0.0000000]
Coke 0.0000186] 112]  00001140) 1344 00193554 16535 00000012 o011  00000000)
Colorado 0.0014233] 8553  0.0000960) 1133 00000045 004]  0011370g] 106043 0.0000000)
Ector 0.0000875| 526 00005370) 6334] 00911920 779.05| 0.0000055] 051 0.0000000]
Fayette 0.0145746] 87554 0000829 11593 00000475 041] 01163083 1085536 0.0000000]
Freestone 0.0119927] 72044] 00735691 8677.08]  0.0035535| 3036 00007506 7000 0.0000000]
Frio 0.0070493] 42347] 00004754 5607  00000230) 020 0.0562084] 525041 0,0000000)
Goliad 0.0048705] 29258 00003285 3874 00000159) 014] 00388072 362757 0,0000000)
Grayson 0.0003526) 2118] 00021631 25512]  0.0001045] 089 0.0000221] 2 oe 0,0000000]
Grimes 0,0246970)
Hidalgo
Hill
Howard
Lamar
Other ERCOT
Limestone
Counties
Uano
McLennan
Milam 0.0070728]
Mitchell 0.0000271]
0.0001434]
Nolan 0.0000118]
Palo Pinto 0.0004872] 0,0029887]
Pecos 0.0000027] 016] 00000163
Reagan 0.0000002] 001| 00000013
Red River 0.0000370) 222 0.0002267] X
Robertson 00132076 79342] 00810220 2
Scurry 0 ooum% 822 00008389
Titus 00137878 82827] 00845810
Upton 0.0000002]
Ward 0.0000029]
Webb 0.0000284| §
Wharton 0.0008837] 5309]  0.000059)
Wichita 0.0000018]
Wilbarger 0.0005643]
Wood 0.0000059)
Young 0.0000208]
Cass 0.0000000)
Gaines 0.0000000)
Gray 0.0000000)
Hale 0.0000000)
Hemphill 0.0000000)
Hutchinson 0.0000000)
OtherSPP [Lamb 0.0000000)
Counties [Lubbock 0.0000000)
Marion 0.0000000)
Moore 0.0000000)
Morris 0.0000000) 0,0003403]
Potter 0.0000000) 0.2562289)
Titus 0.0137878]
Yoakum 0.0000000)
Jasper 0.0000000)
Other SERC [Newton
Counties  [San Jacinto
Tyler Y X X Y X X X
Total 04927768] 2960251 06891868 8128593  0.9589944) 819263]  0.7276081 8544.11]  0.4990937 8002.16] 12223686 8215.49)

savings

Energy
MWh)

60,073 ‘ 117,945 ‘ 8,543 ‘ 93,260 6,405 16,033] 6.721)
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4.2 2019 Results for New Multi-family Residential Construction

This section provides the potential electricity and natural gas savings and the associated NOx emissions reductions
in 2019 using the 2008 base year which implemented the 2015 IECC for new multi-family residences in the 42 non-
attainment and affected counties as well as other counties in the ERCOT region.?! To calculate the NOx emissions
reductions, the following procedures were adopted. First, new construction activity was determined by county. To
accomplish this, the number of 2019 building permits per county was obtained from the real estate center at Texas
A&M University (REC 2020). Next, energy savings attributable to the 2015 IECC were calculated using the
Laboratory’s code-traceable, DOE-2.1e simulation, which was developed for the TERP. For the savings calculation,
the 2018 HIRL’s survey data? were used to determine the appropriate construction data corresponding to housing
types. Then, the NOx reductions potential from the electricity and natural gas savings in each county was calculated
using the US EPA’s 2016 eGRID database.?

In Table 13, the 2019 new multi-family and 2015 IECC code-compliant building characteristics are shown for each
county. The 2015 IECC code-compliant characteristics are the minimum building code characteristics required for
each county for multi-family residences (i.e., Type A.2). In Table 13, the rows are first sorted by the US EPA’s non-
attainment, affected designation, and other ERCOT counties, alphabetically. Next, in the fourth column, the HIRL’s
survey classification is listed. The fifth through eighth columns show the HIRL’s survey data including: average
glazing U-value, Solar Heat Gain Coefficient (SHGC), roof insulation, and wall insulation, respectively. In addition,
the ninth through twelfth columns show the 2015 IECC minimum requirements for glazing U-value, SHGC, roof
insulation, and wall insulation.

The corresponding values in IECC and effective regulations are applied to the air-conditioner efficiency, furnace
efficiency (AFUE), and domestic water heater efficiency. The values shown in Table 13 represent the changes for
building envelope that were made to the simulations to obtain the savings calculations. In cases where the 2019 new
multi-family values were more efficient than the 2015 IECC requirements, the 2019 new multi-family values were
used in 2019 new multi-family simulations. Otherwise, the 2015 IECC values were used in both simulations. For the
2019 new multi-family simulations, the more efficient values from 2018 HIRL data and 2015 IECC were applied.
Similarly, for the base-year simulations, the more efficient values from 2008 NAHB data and 2006 IECC were used.

In Table 14, the code-traceable simulation results for multi-family residences are shown for each county. In a similar
fashion to Table 13, Table 14 is first divided into the US EPA’s non-attainment and affected classifications,
followed by an alphabetical list of other ERCOT counties. In the third column, the 2015 IECC climate zone is listed
followed by the number of new projected housing units?* in the fourth column. In the fifth column, the total
simulated energy use is listed if all-new Construction had been built to pre-code specifications. In the sixth column,
the total county-wide energy use for code-compliant Construction is shown. The values in the fifth and sixth
columns come from the associated 144 simulation runs for each county, which were then distributed according to
the HIRL’s survey data to account for 1, 2 or 3 story, and 3 different fuel options (i.e., central air conditioning with
electric resistance heating, heat pump heating, or a natural gas-fired furnace). In the seventh column, the total annual
electricity savings are shown for each county. A 7% transmission and distribution loss is used, which represents a
fixed 1.07 multiplier for electricity use. In the eighth and ninth columns, the total annual pre-code and code-
compliant natural gas use is shown for those residences that had natural gas-fired furnaces and domestic water
heaters. Finally, in the tenth column, the total annual natural gas savings are shown for each county.

The annual electricity savings from Table 14 are assigned to CL Zones? provider(s) in a similar fashion to the
single-family residential assignments. The total electricity savings for each CL Zone, as shown in Table 15, are then
entered into the bottom row of Table 16, the 2016 US EPA’s eGRID database for Texas. Next, the county’s NOx
reductions (Ibs) are calculated using the assigned 2016 eGRID proportions (Ibs-NOx/MWh) to each electric power

2 The three new counties added in the 2003 Legislative session (i.e., Henderson, Hood, and Hunt) were included in the ERCOT region.

22 The NAHB Research Center announced that it has changed its name to Home Innovation Research Labs (HIRL). See more at:
http://www.homeinnovation.com

2 This analysis assumes transmission and distribution losses of 7%. Counties were assigned to utility service districts as indicated.

24 The number of the new housing units in 2019 were obtained from the Real Estate Center at Texas A&M University.

% ERCOT region has employed the Competitive Load (CL), and it is currently divided into four zones: Houston (H), North (N), South (S), and
West (W).
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market and each CL zone in the county. The calculated NOx reductions are presented in the columns adjacent to the
corresponding CL Zone columns. By adding the NOx reductions values in each row, then, the total of the NOx
reductions per county (lbs and Tons) is calculated. Counties that do not show NOX reductions represent counties that
do not have power plants in eGRID’s database.

Table 13: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Multi-family Residences

Division 2019 Average 2015 IECC
County Climate Glazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West 2 SHGC 2 N 2 SHGC 2 2
(Btu/hr-ft*-F) (hr-ft*-F/Btu) (hr-ft*-F/Btu) (Btu/hr-ft*-F) (hr-ft*-F/Btu) (hr-ft*-F/Btu)

BRAZORIA 2 East Texas 0.39 0.53 404 206 0.4 0.25 38 13
CHAMBERS 2 East Texas 039 053 404 20.6 04 0.25 38 13
COLLIN 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
DALLAS 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
DENTON 3 West Texas 039 053 404 20.6 035 0.25 38 20
EL PASO 3 West Texas 0.39 053 404 20.6 035 025 38 20
ELLIS 3 West Texas 039 053 404 20.6 035 025 38 20
FORT BEND 2 East Texas 0.39 0.53 404 206 0.4 0.25 38 13
GALVESTON 2 East Texas 0.39 0.53 404 206 0.4 0.25 38 13
Non-attainment |HARRIS 2 East Texas 039 053 404 206 04 025 38 13
JOHNSON 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
KAUFMAN 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
LIBERTY 2 East Texas 0.39 053 404 20.6 04 025 38 13
MONTGOMERY 2 East Texas 0.39 053 404 20.6 04 025 38 13
PARKER 3 West Texas 039 053 404 20.6 035 025 38 20
ROCKWALL 3 West Texas 0.39 0.53 404 206 0.35 0.25 38 20
TARRANT 3 West Texas 039 053 404 20.6 035 0.25 38 20
(WALLER 2 East Texas 0.39 053 404 20.6 04 0.25 38 13
WISE 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
BASTROP 2 West Texas 0.39 053 404 20.6 04 025 38 13
BEXAR 2 West Texas 039 053 404 20.6 04 025 38 13
CALDWELL 2 West Texas 039 053 404 20.6 04 025 38 13
COMAL 2 West Texas 039 053 404 20.6 04 025 38 13
GREGG 3 East Texas 0.39 0.53 404 206 0.35 0.25 38 20
GUADALUPE 2 West Texas 039 053 404 20.6 04 025 38 13
HARRISON 3 East Texas 0.39 053 404 20.6 035 0.25 38 20
HAYS 2 West Texas 039 053 404 20.6 04 025 38 13
Affected NUECES 2 East Texas 0.39 053 404 20.6 04 025 38 13
RUSK 3 East Texas 039 053 404 20.6 035 025 38 20
SAN PATRICIO 2 East Texas 0.39 0.53 404 20.6 04 025 38 13
SMITH 3 East Texas 0.39 0.53 404 206 0.35 0.25 38 20
TRAVIS 2 West Texas 039 053 404 20.6 04 0.25 38 13
UPSHUR 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
VICTORIA 2 East Texas 0.39 053 404 20.6 04 0.25 38 13
WILLIAMSON 2 West Texas 039 053 404 20.6 04 025 38 13
(WILSON 2 West Texas 0.39 053 404 20.6 04 025 38 13
ANDERSON 2 East Texas 039 053 404 20.6 04 025 38 13
ANDREWS 3 West Texas 0.39 0.53 404 206 0.35 0.25 38 20
[ANGELINA 2 East Texas 039 053 404 20.6 0.4 0.25 38 13
[ARANSAS 2 East Texas 0.39 053 404 20.6 04 0.25 38 13
ARCHER 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
ATASCOSA 2 West Texas 0.39 053 404 20.6 04 025 38 13
AUSTIN 2 East Texas 039 053 404 20.6 04 025 38 13
BANDERA 2 West Texas 039 053 404 20.6 04 025 38 13
BASTROP 2 West Texas 0.39 053 404 20.6 04 025 38 13
BAYLOR 3 West Texas 0.39 0.53 404 206 0.35 0.25 38 20
BEE 2 East Texas 039 053 404 20.6 04 0.25 38 13
BELL 2 West Texas 039 053 404 20.6 04 0.25 38 13
BEXAR 2 West Texas 0.39 053 404 20.6 04 0.25 38 13
BLANCO 3 West Texas 039 053 404 20.6 035 025 38 20
BORDEN 3 West Texas 039 053 404 20.6 035 025 38 20
BOSQUE 2 West Texas 039 053 404 20.6 04 025 38 13
BRAZORIA 2 East Texas 0.39 0.53 404 206 0.4 0.25 38 13
BRAZOS 2 East Texas 039 053 404 20.6 04 0.25 38 13
BREWSTER 3 West Texas 039 053 404 20.6 035 0.25 38 20
BRISCOE 4 West Texas 039 053 404 20.6 035 04 49 20
BROOKS 2 East Texas 0.39 053 404 20.6 04 025 38 13
ERcoT BROWN 3 West Texas 039 053 404 20.6 035 025 38 20
BURLESON 2 East Texas 039 053 404 20.6 04 025 38 13
BURNET 3 West Texas 0.39 053 404 20.6 035 025 38 20
CALDWELL 2 West Texas 0.39 0.53 404 206 0.4 0.25 38 13
CALHOUN 2 East Texas 039 053 404 20.6 04 025 38 13
CALLAHAN 3 West Texas 039 053 404 20.6 035 0.25 38 20
CAMERON 2 East Texas 039 053 404 20.6 04 025 38 13
CHAMBERS 2 East Texas 0.39 053 404 20.6 04 025 38 13
CHEROKEE 2 East Texas 039 053 404 20.6 04 025 38 13
CHILDRESS 3 West Texas 039 053 404 20.6 035 025 38 20
CLAY 3 West Texas 0.39 0.53 404 206 0.35 0.25 38 20
COKE 3 West Texas 039 053 404 20.6 035 0.25 38 20
COLEMAN 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
COLLIN 3 West Texas 0.39 053 404 20.6 035 0.25 38 20
COLORADO 2 East Texas 039 053 404 20.6 04 025 38 13
COMAL 2 West Texas 0.39 053 404 20.6 04 025 38 13
COMANCHE 3 West Texas 039 053 404 20.6 035 025 38 20
CONCHO 3 West Texas 0.39 0.53 404 206 0.35 0.25 38 20
COOKE 3 West Texas 039 053 404 20.6 035 0.25 38 20
CORYELL 2 West Texas 039 053 404 20.6 04 0.25 38 13
COTTLE 3 West Texas 039 053 404 20.6 035 0.25 38 20

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. |, p. 45

Table 14: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Multi-family Residences (Continued)

clirate |—Dvision ] 2019 Average ] 2015 IECC ]
County CGlazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West 5 SHGC 5 5 ) SHGC 5 N
(Btu/hr-ft*-F) (hr-ft°-F/Btu) (hr-ft°-F/Btu) (Btu/hr-ft*-F) (hr-ft°-F/Btu) (hr-ft°-F/Btu)

CRANE 3 |westTeas 0.39 053 404 206 035 0.25 3 20
CROCKETT 3 [WestTeas 0.39 053 404 206 035 0.25 38 20
CROSBY 3 |WestTewas 0.39 053 404 206 035 025 38 20
CULBERSON 3 |westTeas 0.39 053 404 20.6 035 0.25 38 20
DALLAS 3 [westTeas 0.39 053 404 206 035 0.25 38 20
DAWSON 3 |westTeas 0.39 053 404 206 035 0.25 38 20
DEWITT 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
DELTA 3 |WestTews 0.39 053 404 206 035 025 38 20
DENTON 3 |westTess 0.39 053 404 20.6 0.35 0.25 38 20
DICKENS 3 [westTeas 0.39 053 404 206 035 0.25 38 20
DIMMIT 2 |WestTexas 0.39 053 404 206 04 025 38 13
DUVAL 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
EASTLAND 3 [westTeas 0.39 053 404 206 035 0.25 38 20
ECTOR 3 |westTeas 0.39 053 404 20.6 035 0.25 38 20
EDWARDS 2 [WestTexs 0.39 053 404 206 04 0.25 38 13
ELLIS 3 |westTews 0.39 053 404 206 035 025 38 20
ERATH 3 |WestTeas 0.39 053 404 206 035 0.25 38 20
FALLS 2 [WestTess 0.39 053 404 206 04 0.25 38 13
FANNIN 3 |westTeas 0.39 053 404 206 035 0.25 B 20
FAYETTE 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
FISHER 3 |WestTess 0.39 053 404 206 035 025 38 20
FOARD 3 |WestTeas 0.39 053 404 206 035 0.25 38 20
FORT BEND 2 [EastTeas 0.39 053 404 206 04 0.25 38 13
FRANKLIN 3 |westTeas 0.39 053 404 206 035 0.25 B 20
FREESTONE 2 |westTeas 0.39 053 404 206 04 0.25 38 13
FRIO 2 |WestTewas 0.39 053 404 206 04 025 38 13
GALVESTON 2 [EastTexas 0.39 053 404 20.6 04 0.25 38 13
GILLESPIE 3 [westTeas 0.39 053 404 206 035 0.25 38 20
GLASSCOCK 3 |westTeas 0.39 053 404 206 035 0.25 3 20
GOLIAD 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
GONZALES 2 |WestTewas 0.39 053 404 206 04 025 38 13
GRAYSON 3 |westTeas 0.39 053 404 20.6 035 0.25 38 20
GRIMES 2 [EastTess 0.39 053 404 206 04 0.25 38 13
GUADALUPE 2 |westTeas 0.39 053 404 206 04 0.25 38 13
HALL 3 |WestTeas 0.39 053 404 206 035 0.25 38 20
HAMILTON 3 |WestTewas 0.39 053 404 206 035 025 38 20
HARDEMAN 3 |westTeas 0.39 053 404 20.6 035 0.25 38 20
ERCOT Tiiareis 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
HASKELL 3 |westTeas 0.39 053 404 206 035 0.25 38 20
HAYS 2 |westTeas 0.39 053 404 206 04 0.25 38 13
HENDERSON 3 [EastTess 0.39 053 404 206 035 0.25 38 20
HIDALGO 2 [EastTexas 0.39 053 404 206 04 0.25 38 13
HILL 2 [WestTeas 0.39 053 404 206 04 0.25 38 13
HOOD 3 |westTews 0.39 053 404 206 035 025 38 20
HOPKINS 3 |WestTeas 0.39 053 404 206 035 0.25 38 20
HOUSTON 2 [EastTess 0.39 053 404 206 04 0.25 38 13
HOWARD 3 |westTeas 0.39 053 404 206 035 0.25 3 20
HUDSPETH 3 [westTeas 0.39 053 404 206 035 0.25 38 20
HUNT 3 |WestTews 0.39 053 404 206 035 025 38 20
IRION 3 |westTeas 0.39 053 404 206 035 0.25 38 20
JACK 3 [westTeas 0.39 053 404 206 035 0.25 38 20
JACKSON 2 [EastTes 0.39 053 404 206 04 0.25 38 13
JEFF DAVIS 3 [westTeas 0.39 053 404 206 035 0.25 38 20
JIM HOGG 2 |westTesas 0.39 053 404 206 04 025 38 13
JIM WELLS 2 [EastTexas 0.39 053 404 20.6 04 0.25 38 13
JOHNSON 3 [westTeas 0.39 053 404 206 035 0.25 38 20
JONES 3 |westTeas 0.39 053 404 206 035 0.25 3 20
KARNES 2 |WestTeas 0.39 053 404 206 04 0.25 38 13
KAUFMAN 3 |WestTews 0.39 053 404 206 035 025 38 20
KENDALL 3 |westTeas 0.39 053 404 20.6 035 0.25 38 20
KENEDY 2 [EastTesas 0.39 053 404 206 04 0.25 38 13
KENT 3 |westTeas 0.39 053 404 206 035 0.25 38 20
KERR 3 |WestTeas 0.39 053 404 206 035 0.25 38 20
KIMBLE 3 |WestTews 0.39 053 404 206 035 025 38 20
KING 3 |westTeas 0.39 053 404 20.6 0.35 0.25 38 20
KINNEY 2 [westTeas 0.39 053 404 206 04 0.25 38 13
KLEBERG 2 [EastTes 0.39 053 404 206 04 0.25 38 13
KNOX 3 |westTeas 0.39 053 404 206 035 0.25 38 20
LA SALLE 2 [WestTess 0.39 053 404 206 04 0.25 38 13
LAMAR 3 [EastTexas 0.39 053 404 20.6 0.35 0.25 38 20
LAMPASAS 3 [westTeas 0.39 053 404 206 035 0.25 38 20
LAVACA 2 |EastTexas 0.39 053 404 206 04 025 38 13
LEE 2 |WestTeas 0.39 053 404 206 04 0.25 38 13
LEON 2 [EastTes 0.39 053 404 206 04 0.25 38 13
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Table 14: 2019 and 2015 IECC Code-compliant Building Characteristics Used in the DOE-2 Simulations for New
Multi-family Residences (Continued)

~ Division 2019 Average 2015 IECC
County Climate Glazing U-value Roof Insulation Wall Insulation Glazing U-value Roof Insulation Wall Insulation
Zone | East or West ) SHGC ) ) ) SHGC ) )
(Btu/hr-ft*-F) hr-ft*-F/Btu) hrft™-F/Btu) | (Btu/hr-ft*-F) hr-ft’-F/Btu) hr-ft“-F/Btu
LIMESTONE 2 West Texas 0.39 053 40.4 20.6 04 0.25 38 13
LIVE OAK 2 East Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
LLANO 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
LOVING 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
MADISON 2 East Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
MARTIN 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
MASON 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MATAGORDA 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
MAVERICK 2 West Texas 0.39 0.53 40.4 20.6 04 0.25 38 13
MCCULLOCH 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MCLENNAN 2 West Texas 0.39 053 40.4 20.6 04 0.25 38 13
MCMULLEN 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
MEDINA 2 West Texas 0.39 053 40.4 20.6 04 0.25 38 13
MENARD 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MIDLAND 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MILAM 2 West Texas 0.39 0.53 40.4 20.6 04 0.25 38 13
MILLS 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MITCHELL 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
MONTAGUE 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
MONTGOMERY 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
MOTLEY 3 West Texas 0.39 0.53 40.4 20.6 0.35 0.25 38 20
NACOGDOCHES 3 East Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
NAVARRO 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
NOLAN 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
NUECES 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
PALO PINTO 3 West Texas 039 053 404 20.6 035 025 38 20
PARKER 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
PECOS 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
PRESIDIO 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
RAINS 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
REAGAN 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
REAL 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
RED RIVER 3 East Texas 0.39 0.53 40.4 20.6 0.35 0.25 38 20
REEVES 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
REFUGIO 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
ROBERTSON 2 East Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
ROCKWALL 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
RUNNELS 3 West Texas 0.39 0.53 40.4 20.6 0.35 0.25 38 20
RUSK 3 East Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
ERCoT SAN PATRICIO 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
SAN SABA 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
SCHLEICHER 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
SCURRY 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
SHACKELFORD 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
SMITH 3 East Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
SOMERVELL 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
STARR 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
STEPHENS 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
STERLING 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
STONEWALL 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
SUTTON 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
TARRANT 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
TAYLOR 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
TERRELL 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
THROCKMORTON 3 West Texas 0.39 0.53 40.4 20.6 0.35 0.25 38 20
TITUS 3 East Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
TOM GREEN 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
TRAVIS 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
UPTON 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
UVALDE 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
VAL VERDE 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
VAN ZANDT 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
VICTORIA 2 East Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
WALLER 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
WARD 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
WASHINGTON 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
WEBB 2 West Texas 0.39 053 40.4 20.6 04 0.25 38 13
WHARTON 2 East Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
WICHITA 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
WILBARGER 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
WILLACY 2 East Texas 0.39 053 40.4 20.6 04 0.25 38 13
WILLIAMSON 2 West Texas 0.39 0.53 40.4 20.6 04 0.25 38 13
WILSON 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
WINKLER 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
WISE 3 West Texas 0.39 0.53 404 20.6 0.35 0.25 38 20
YOUNG 3 West Texas 0.39 053 40.4 20.6 0.35 0.25 38 20
ZAPATA 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
ZAVALA 2 West Texas 0.39 0.53 404 20.6 0.4 0.25 38 13
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Table 14: 2019 Annual Electricity Savings from New Multi-family Residences

2019 Summary TRY 2008
Code- Total

No. of P_rreoc‘zﬁe compliant A;:lcja] Precode Code- Total Annual

County Climate Projgcted Annual Total Savings Total NG compliant NG Savings

Zone Units Annual Use Total NG Use| (Therm/yr)

(2013) Blec. Use Blec. Use (MWhiyr) (Therm/yr) | (Therm/yr)
(MwWhlyr) (MWhiyr) w 7% of
T&D Loss

BRAZORIA 2 3 472 442) 31.40} 1,631 1,596 34.97|
CHAMBERS 2 0 0 0] 0.00f 0 0 0.00]
COLLIN 2 4,552 752,781 692,386] 6462251 3991,791 3,567,393 424,398.16)
DALLAS 2 11,503 1,890,460]  1,734409] 166,975.45( 9,049,795 8,140,094 909,701.38|
DENTON 2 1,654 272,159 249,509 24,235.03| 1,297,721 1,168,305 129,415.59)
EL PASO 3 633 100,611 91,812 9,415.32| 451,286 406,009 45,277.06]
ELLIS 3 145 23,830 21,863 2,104.79| 114,076 102,609 11,467.16)
FORT BEND 2 2,308 360,850 338239] 24,193.80( 1,300,144 1,264,636 35,508.37|
GALVESTON 2 334 52,511 49,244 3,495.67, 181,657| 177,663 3,893.10
" RDIN 2 52 8,145] 7,640} 539.52 29,701 28,951 750.53]
N":Z:f'" HARRIS 2 10852]  3106502] 2911847] 20828075 11192742] 10,887,056 8056862
County JEFFERSON 2 203, 31,799 29,829 2,108.30 115,948 112,903 3,045.47|
JOHNSON 3 352 57,849 53,074 5,109.57, 276,930 249,093 27,8375
KAUFMAN 2 153 25,302 23,272 2,172.07, 134,170| 119,906 14,264.70]
LIBERTY 3 0 0 0] 0.00] 0 0 0.00]
MONTGOMERY 3 1,592 249,121 233511 16,702.75) 897,584 873,070 24,514.02]
ORANGE 2 8 1,253, 1,176 83.17, 4,569 4,452 117.63]
PARKER 2 418 67,824 62,306} 5,905.02 326,964 292,914 34,049.36)
ROCKWALL 2 288 47,628 43,807] 4,088.59 252,556 225,705 26,851.20)
TARRANT 3 8,551 1,405,314 1,289,309| 124,124.76 6,727,358 6,051,112 676,245.89)
WALLER 2 78 12,206 11,441 818.35 43,977] 42,776 1,201.06
(WISE 3 153, 25,302, 23,272 2,172.07, 134,170 119,906 14,264.70)
BASTROP 3 10 1,571 1464] 115.16 6,028 5412 616.32]
BEXAR 3 6,076 970,698 898318  77,447.20) 3,807,936 3,384,571 423,365.06)
CALDWELL 3 10| 1571 1464 115.16 0 0 0.00]
COMAL 3 198, 31,632 29,274 2,523.79 124,090 110,294 13,796.29)
GREGG 2 22 3451 3,221 245.86) 14,229 14,302 -73.01]
GUADALUPE 3 518 82,755 76,585 6,602.64 324,640 288,546 36,093.33)
HARRISON 3 0| 0] 0) 0.00] 0| 0| 0.00]
Affected HAYS 3 263 41,340 38,504 3,033.89 158,385 142,318 16,066.81]
County NUECES 2 22 3,501 3,278 238.64] 11,573 11,328, 24452
RUSK 2 0| [ 0| 0.00] o) o) 0.00]
SAN PATRICIO 3 192 30,551 28,604 2,082.70 100,998 98,864 2,133.99
SMITH 3 65 10,198, 9,547, 696.09 43,365 43,782 -416.58|
 TRAVIS 3 11,893 1,869,401 1,741,183| 137,194.15 7,162,264 6,435,714 726,549.49
UPSHUR 3 0 0 0 0.00 0 0 0.00]
VICTORIA 2 60| 9,481 8,880 642.13 33,835 32,996 838.92
WILLIAMSON 2 1,435 232,179, 214388 19,036.23] 1,051,597 909,958 141,639.09
WILSON 2 0 0] 0 0.00] 0 0 0.00]
ANDERSON 2 136 0] 0 0.00 0 0 0.00
ANDREWS 3 140 23,198 20,923 2,435.26) 119,454 103,979 165,475.74]
ANGEL INA 2 76| 0 1) 0.00] o) 0 0.00]
ARANSAS 2 0] 0 0| 0.00] 0] 0 0.00]
ARCHER 3 0 0] 0 0.00] 0 0] 0.00]
ATASCOSA 2 0 0| 0] 0.00] [ 0| 0.00]
AUSTIN 2 0) 0| 0f 0.00§ 0| 0| 0.00]
BANDERA 2 0) 0] 0f 0.00] 0| 0| 0.00§
BAYLOR 3 0 0 0] 0.00f 0 0 0.00]
BEE 2 6 948 888 64.21] 3,384 3,300 83.89)
BELL 2 244 41,207] 37,343 4,134.05 195,003 165,107| 29,896.43]
BLANCO 3 0] 0f 0.00] 0| 0| 0.00§
BORDEN 3 0 0 0] 0.00] 0 0 0.00]
BOSQUE 2 0 0 0] 0.00f 0 0 0.00]
BRAZOS 2 317, 49,605 46,497 3,325.86) 178,728 173,846 4,881.25
BREWSTER 3 0| 0| 0f 0.00] 0| 0| 0.00§
BRISCOE 4 0| 0| 0f 0.00] 0] 0] 0.00§
BROOKS 2 0 0 0] 0.00] 0 0 0.00]
BROWN 3 9 1,520 1,377] 152.49 7,193 6,090 1,102.74]
BURLESON 2 72| 11,267, 10,561 755.40] 40,594 39,486 1,108.67]
BURNET 3 2) 326 296 3247 1,274 1,155 119,59
CALHOUN 2 632] 592 42.81] 2,256 2,200 55.93|
CALLAHAN 3 0 0f 0.00] 0 0 0.00]
ErRCOT CAMERON 2 427 70,375, 64,777, 5,989.76) 210,366 204,941 5,424.59|
CHEROKEE 2 0 0f 0.00f 0 0 0.00f
CHILDRESS 3 0| 0| 0) 0.00] 0| 0| 0.00]
CLAY 3 0] 0] 0) 0.00] 0] 0| 0.00]
COKE 3 0 0 0] 0.00 0 0 0.00f
COLEMAN 3 0 0 0 0.00 0 0 0.00f
COLORADO 2 6| 939] 880] 62.95 3,383] 3,290} 92.39
COMANCHE 3 0| 0] 0| 0.00] 0| 0] 0.00]
CONCHO 3 0 0] 0| 0.00] 0 0] 0.00]
COOKE 3 0 0 0 0.00 0 0 0.00f
CORYELL 2 16| 2,702 2,449 271.09 12,787, 10,827, 1,960.42
COTTLE 3 0] 0 0| 0.00] 0] 0] 0.00]
CRANE 3 0| 0 0| 0.00] 0| 0] 0.00]
CROCKETT 3 0 0] 0 0.00] 0 0 0.00]
CROSBY 3 0 0] 0 0.00 0 0 0.00
CULBERSON 3 0 0] 0 0.00 0 0] 0.00
DAWSON 3 0| 0 0| 0.00| 0] 0 0.00]
DEWITT 2 0] 0 0| 0.00] 0] 0 0.00]
DELTA 3 0 0] 0 0.00] 0 0] 0.00]
DICKENS 3 0 0] 0 0.00 0 0] 0.00
DIMMIT 2 0 0] 0 0.00 0] 0] 0.00
DUVAL 2 0] 0 0| 0.00] 0 0 0.00]
EASTLAND 3 10 1721 1,552 180.40) 9,890 8,647 1,243.13)
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Table 15: 2019 Annual Electricity Savings from New Multi-family Residences (Continued)

2019 Summary TRY 2008
Code- Total
No. of Pfr?;;lde compliant Agrxal Precode Code- Total Annual
Climate | Projected Total ) Total NG | compliant | NG Savings
County N Annual Savings
Zone Units Annual Use Total NG Use[ (Thermvyr)
(2013) Blec. Use | gy | (MWOIYD) | iy | (rhermuyr)
(MWIYE) | gy | 7% of
T&D Loss

ECTOR 3 1,039 172,166 155,275 18,073.09 886,522 771,670] 114,852.11]
EDWARDS 2 0) 0) 0) 0.00] 0) 0) 0.00)
ERATH 3 306 52,655 47,49 5,520.23] 302,648 264,608 38,039.85)
FALLS 2 0) 0) 0) 0.00 0) 0) 0.00)
FANNIN 3 2) 331 304 28.29) 1,756 1,568 187.62
FAYETTE 2 0) 0) 0) 0.00 0) 0) 0.00]
FISHER 3 0) 0) 0) 0.00 0) 0) 0.00
FOARD 3 0) 0) 0) 0.00 0) 0) 0.00
FRANKLIN 3 0) 0) 0) 0.00 0) 0) 0.00
FREESTONE 2 0) 0) 0) 0.00} 0) 0) 0.00
FRIO 2 0) 0) 0) 0.00 0) 0| 0.00
GILLESPIE 3 4 652] 592 64.95) 2,549 2,310 239.18
GLASSCOCK 3 0] 0) 0) 0.00} 0] 0| 0.00
GOLIAD 2 0) 0) 0) 0.00 0) 0| 0.00
GONZALES 2 0) 0) 0) 0.00 0) 0| 0.00
GRAYSON 3 364 60,173 55,361 5,149.04 319,534 285,387, 34,146.75
GRIMES 2 0) 0) 0) 0.00 0) 0| 0.00
HALL 3 0) 0) 0) 0.00 0) 0| 0.00
HAMILTON 3 0| 0) 0) 0.00) 0) 0| 0.00
HARDEMAN 3 0| 0) 0) 0.00} 0) 1) 0.00
HASKELL 3 0| 0| 0) 0.00 0) 0| 0.00
HENDERSON 2 7| 1,098] 1,028] 74.96) 4,670 4,715 -44.86|
HIDALGO 2 1,844] 303,913 279,738 25,866.78 908,465 885,039 23,426.08
HILL 2 0| 0| 0| 0.00 0) 0] 0.00
HOOD 3 26| 4,214 3,874 363.93) 20,379 18,252 2,127.10
HOPKINS 3 16| 2,646 2,434 227.14) 14,031 12,539 1,491.73
HOUSTON 2 0] 0| 0| 0.00} 0) 0] 0.00
HOWARD 3 4 663| 598| 69.58) 3,413 2,971 442.16
HUDSPETH 3 0| 0| ) 0.00) 0| 0] 0.00
HUNT 2 0| 0| 0| 0.00) 0| 0] 0.00]
IRION 3 0] 0| 0| 0.00) 0| 0] 0.00
JACK 3 0| 0| 0| 0.00) 0| 0| 0.00
[ JACKSON 2 0| 0| 0| 0.00) 0| 0] 0.00
| JEFF DAVIS 3 0] 0| 0] 0.00] 0| 0| 0.00]
JIMHOGG 2 0| 0] 0] 0.00 0| 0] 0.00
JIMWELLS 2 0| 0| 0| 0.00 0| 0 0.00
JONES 3 [9) 0 0 0.00 1) 0 0.00]
KARNES 2 0] 0] 0] 0.00 0] 0 0.00
KENDALL 3 0] 0| 0| 0.00 0| 0 0.00
KENEDY 2 0| 0] 0] 0.00 0| 0 0.00]
KENT 3 0] 0] 0] 0.00 0] 0 0.00
KERR 3 4 652] 592| 64.95 2,549 2,310 239.18
ERCOT [KIMBLE 3 0 0] 0| 0.00 0| 0 0.00
KING 3 0 0] 0] 0.00 0] 0 0.00]
KINNEY 2 0 0] 0] 0.00] Of 0) 0.00)
KLEBERG 2 0) 0) 0) 0.00] 0) 0) 0.00)
KNOX 3 0) 0) 0) 0.00] 0) 0) 0.00)
LASALLE 2 0) 0) 0) 0.00] 0] 0) 0.00)
LAMAR 3 64 10,584 9,735 908.58] 56,124 50,157, 5,966.93
LAMPASAS 3 2| 338 306 33.89 1,598 1,353] 245.05
LAVACA 2 0) 0) 0) 0.00 0) 0] 0.00)
LEE 2 2| 314 293 23.03] 1,206 1,082] 123.26)
LEON 2 0) 0) 0) 0.00 0) 0) 0.00
LIMESTONE 2 0) 0) 0) 0.00 0) 0) 0.00
LIVEOAK 2 0) 0) 0) 0.00 0) 0| 0.00
LLANO 3 2| 326 296 32.47] 1,274] 1,155] 119.59
LOVING 3 0) 0) 0) 0.00 0) 0| 0.00
MADISON 2 0] 0] 0) 0.00] 0) 0| 0.00
MARTIN 3 0) 0) 0) 0.00} 0) ) 0.00
MASON 3 0) 0) 0) 0.00 0) 0| 0.00
MATAGORDA 2 0) 0) 0) 0.00) 0) 0| 0.00
MAVERICK 2 4 636 596 43.39) 2,104] 2,060 44.46
MCCULLOCH 3 0| 0) 0) 0.00 0) 0| 0.00
MCLENNAN 2 346| 58,433 52,954 5,862.22) 276,521 234,126 42,394.12
MCMULLEN 2 0| 0| 0) 0.00) 0) 0| 0.00
MEDINA 2 ) 0| 0) 0.00} 0) 0] 0.00
MENARD 3 0| 0| 0| 0.00 0) 0] 0.00
MIDLAND 3 ) 0| 0| 0.00) 0) 0| 0.00
MILAM 2 0| 0| 0| 0.00) 0) 0| 0.00
MILLS 3 0| 0| 0| 0.00 0) 0] 0.00
MITCHELL 3 0| 0| 0| 0.00) 0) 0| 0.00
MONTAGUE 3 0| 0| 0| 0.00) 0) 0| 0.00,
MOTLEY 3 0] 0| 0| 0.00] 0| 0] 0.00]
NACOGDOCHES 3 4 627] 585 44.40 2,587, 2,602 -14.25
NAVARRO 3 16| 2,702 2,449 271.09 12,787| 10,827, 1,960.42
NOLAN 3 0 0 0 0.00) 0 0 0.00
PALO PINTO 3 0] 0] 0| 0.00) 0| 0] 0.00
PECOS 3 38| 6,360 5,747 656.56) 32,459 28,557, 3,902.28
POTTER 4 26| 4,088 3,833 272.12) 14,133] 13,830, 303.06
PRESIDIO 3 0] 0] 0| 0.00 0| 0 0.00
RAINS 3 0] 0] 0] 0.00 0| 0 0.00
REAGAN 3 6| 995 897| 104.50 5,119 4,457 662.87
REAL 2 0] 0] 0] 0.00 1) 0 0.00]
RED RIVER 3 0] 0] 0] 0.00 0| 0 0.00
REEVES 3 0] 0] 0] 0.00 0] 0 0.00
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Table 15: 2019 Annual Electricity Savings from New Multi-family Residences (Continued)

2019 Summary TRY 2008
Code- Total
No. of Pfr?;;lde compliant Agrxal Precode Code- Total Annual
Climate | Projected Total ) Total NG | compliant | NG Savings
County N Annual Savings
Zone Units Annual Use Total NG Use[ (Thermvyr)
(2013) Blec. Use | gy | (MWOIYD) | iy | (rhermuyr)
(MWIYE) | gy | 7% of
T&D Loss

REFUGIO 2 0) 0) 0) 0.00] 0 0) 0.00)
ROBERTSON 2 0) 0) 0) 0.00] 0] 0] 0.00]
RUNNELS 3 0) 0) 0) 0.00 0) 0) 0.00]
SAN SABA 3 0) 0) 0) 0.00 0) 0) 0.00)
SCHLEICHER 3 0) 0) 0) 0.00 0) 0) 0.00)
SCURRY 3 0) 0) 0) 0.00 0) 0] 0.00]
SHACKELFORD 3 0) 0) 0) 0.00 0) 0) 0.00
SOMERVELL 3 0) 0) 0) 0.00 0) 0) 0.00
STARR 2 0) 0) 0) 0.00 0) 0) 0.00
STEPHENS 3 0) 0) 0) 0.00} 0) 0| 0.00
STERLING 3 0) 0) 0) 0.00 0) 0| 0.00
STONEWALL 3 0) 0) 0) 0.00 0) 0| 0.00
SUTTON 3 0) 0) 0) 0.00} 0) 0| 0.00
TAYLOR 3 16 2,753 2,483] 288.64 15,825 13,836 1,989.01
TERRELL 3 0) 0) 0) 0.00 0) 0| 0.00
THROCKMORTON 3 0) 0) 0) 0.00) 0) 0| 0.00
ERCOT TITUS 3 0) 0) 0) 0.00 0) 0| 0.00
TOM GREEN 3 0| 0) 0) 0.00 0) 0| 0.00
UPTON 3 0| 0) 0) 0.00) 0) 0| 0.00
UVALDE 2 0| 0) 0) 0.00] 0) 0] 0.00
VAL VERDE 2 8| 1,278] 1,183] 101.97] 5,014] 4,456 557.43
VAN ZANDT 3 4 661] 608| 56.79) 3,508 3,135 372.93
WARD 3 0| 0| 0) 0.00) 0) 0] 0.00
WASHINGTON 2 0| 0| 0| 0.00 0) 0] 0.00
\WEBB 2 300] 47,735 44,694 3,254.22 157,810 154,476 3,334.36
WHARTON 2 0| 0| 0| 0.00) 0) 0| 0.00,
(WICHITA 3 56| 9,607, 8,673 999.52] 53,519 46,780 6,738.77,
\WILBARGER 3 0| 0| 0| 0.00) 0) 0| 0.00
\WILLACY 2 0| 0| 0| 0.00) 0) 0| 0.00
WINKLER 3 0| 0| 0| 0.00) 0| 0| 0.00
\WOOD 3 66| 10,489 9,665 881.03) 47,566 42,830 4,736.13|
YOUNG 3 0| 0| 0| 0.00) [ 0| 0.00
ZAPATA 2 0] 0| 0| 0.00) 0| 0] 0.00
ZAVALA 2 0| 0| 0| 0.00) 0| 0| 0.00
ARMSTRONG 4 0| 0| 0| 0.00) 0| o) 0.00]
BAILEY 4 0] 1) 1) 0.00] 1) 0 0.00
BOWIE 3 0 0 0 0.00 0| 0 0.00
CAMP 3 2| 0] 0] 0.00 0| 0 0.00
CARSON 4 0| 0| 0| 0.00 0| 0 0.00
CASS 3 8| 0| 0| 0.00 0| 0 0.00]
CASTRO 4 0] 0] 0| 0.00 0| 0 0.00]
COCHRAN 4 0] 0| 0] 0.00 0] 0 0.00
COLLINGSWORTH 3 0) 0) 0) 0.00] 0) 0) 0.00)
DALLAM 4 0) 0) 0) 0.00] 0) 0) 0.00]
DEAF SMITH 4 0) 0) 0) 0.00] 0) 0) 0.00]
DONLEY 4 0) 0) 0) 0.00 0) 0) 0.00)
FLOYD 4 0) 0) 0) 0.00 0) 0) 0.00)
Gaines 3 0) 0) 0) 0.00 0) 0] 0.00]
GARZA 3 0) 0) 0) 0.00 0) 0) 0.00
GRAY 4 0) 0) 0) 0.00 0) 0) 0.00
HALE 4 0) 0) 0) 0.00 0) 0) 0.00
HANSFORD 4 0f 0f 0f 0.00} 0) 0) 0.00
HARTLEY 4 0) 0) 0) 0.00 0) 0| 0.00
HEMPHILL 3 0) 0) 0) 0.00 0) 0| 0.00
HOCKLEY 4 0) 0) 0) 0.00 0) 0| 0.00
HUTCHINSON 4 0) 0) 0) 0.00 0) 0| 0.00
JASPER 2 72| 11,280] 10,580 748.57| 41,125 40,066 1,058.68|
OTHER [LAMB 4 0) 0) 0) 0.00) 0) 0| 0.00
TEXAS [LIPSCOMB 4 0 0f 0f 0.00] 0) 0| 0.00
COUNTIE[LUBBOCK 3 745] 128,126 115,592, 13/411.34 736,591 643,383 93,207.52
S LYNN 3 0| 0) 0.00) 0) 0| 0.00
MARION 3 0| 0) 0) 0.00) 0) 0| 0.00
MOORE 4 0| 0| 0) 0.00 0) 0| 0.00
MORRIS 3 0| 0| 0| 0.00) 0) 0| 0.00
NEWTON 2 0| 0| 0| 0.00) 0) 0| 0.00,
OCHILTREE 4 0 0 0 0.00] 0) 0] 0.00
OLDHAM 4 0| 0| 0| 0.00) 0) 0] 0.00
PANOLA 3 0| 0| 0| 0.00) 0) 0| 0.00,
PARMER 4 0 0 0 0.00) 0 0 0.00,
POLK 2 98| 15,349 14,399 1,016.79, 55,975 54,561 1414.46
RANDALL 4 4 679 623] 60.54 4,478 3,778, 700.46)
ROBERTS 4 0| 0| 0| 0.00) 0| o) 0.00]
SABINE 3 0] 0] 0| 0.00) ) 0] 0.00
San Augustine 3 0| 0| 0| 0.00) 0| 0| 0.00
SAN JACINTO 2 0] 0| 0| 0.00) 0| 0| 0.00
SHELBY 3 0] 0] 0] 0.00} 0| 0 0.00]
SHERMAN 4 2| 340] 311 30.27, 2,239 1,889 350.23
SWISHER 4 0| 0| 0| 0.00 0| 0 0.00
TERRY 3 0| 0| 0| 0.00 1) 0 0.00]
TRINITY 2 0] 0] 0] 0.00 0] 0 0.00
TYLER 2 0| 0] 0] 0.00 0| 0 0.00
\WALKER 2 235 36,774 34,469 2,465.54| 132,495 128,877, 3,618.59
\WHEELER 3 0] 0] 0] 0.00 0| 0 0.00]
YOAKUM 4 0| 0] 0| 0.00 0| 0 0.00
[ TOTAL 80,801 1,021,670 4,499,756
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Table 15: 2019 Totalized Annual Electricity Savings by CL Zone from New Multi-family Residences

Total Electricity Savings by CL Zone (MWh)

Electric Power Market CL Zone [2019-TRY 2008]
Houston (H) 236,820
North (N)
oot 431,977
West (W) 22,808
South (S) 285,431
SPp - 14,020
SERC - 21,199
WECC - 9415
Total 1,021,670

November 2020

Energy Systems Laboratory, Texas A&M University System




2019 TERP Report, Vol. I, p. 51

Table 16: 2019 Annual NOx Reductions from New Multi-family Residences Using 2016 eGRID

NOX NOX NOX NOX NOX NOX NOX Total Nox | Total Nox
Area County | ERCOT-H | Reductions | ERCOT-N | Reductions | ERCOT-W | Reductions | ERCOT-S | Reductions PP Reductions SERC Reductions | WECC | Reductions | Reductions | Reductions
(s (Ibs) (Ibs/year) (Ibs) (ts) (Ibs) (Its) (ts) (Tons)
Brazora 0.0615737] 1458189 0,0000078] 337]__0,0000004] 001 0,0005769] 16465 0.0000000) 000 0.0000000]
Chambers 00196226} 4647.03] 0,0000025] 0.00] 5247]___ 00000000 0.00]
rouston. |EomLBEeNd 0.0751386) 17794.32] 0.0000095] 001] 200.93] 0.0000000)
Calveston |Caveston 0.0135834 3216.82] 0,0000017] 0.00| 36.32)
‘Area Harris 0.1216150) 28800.86] 0.0000154] 0.02]
Liberty 00000000 000 0,0000000| 0,00 0.0000000]
Montgomery 0.0000000) 0.00) 0.0000000) 0.00]
Waller 0.0000000 000 0,0000000 0,00 0.0000000]
Beaumont/ |Hardin 0.0000000) 0.00) 0.0000000) 000 0.0000000]
Port Arthur  [Jefferson 0.0000000) 0.00) 0.0000000) 000]  0.0000000]
Area  [orange 0.0000000) 0.00] 0.0000000) 000 0.0000000]
Colin 0,0001042] 24.74] 00006407 071}
Dalas 0,0020857] 49304 00127949 14.10]
Denton 0.0015278] 10.32)
Henderson 0.0002013 533.43] 0.0000596] 36|
Hood ocouzes| 26732l 00069245 290120] 00003345 63| 00000706]
oatas Fort P 0.0000342) 811] 0.0000101] 23]
Worth Area |TATNL 0.0007507] 177.77] 0.0046049]  1989.23 0.0002224] 07}
s 00009845 23315|  00060395[ 260893 00002017 651
Johnson 0.0001392) 0.0000412) 094
Kaufman 0.0027857] 0.0008254] 18.83]
Parker 0.0006351] _ 0.0001882) 4.29
Rockwal 0.0000000 0.00] noo [ onuoooo 000] __0.0000000]
Wise o 0028208 ess 01 7A74 as 19.05
6 Paso Area |H Paso oo00000]  o.00| oo oonnooon 0.00000
Bexar 00156585 35594 42
san Antonio - [Conal 00004238 10037  ooooozss]  1235|  oooooowd] 003 o.ooases]
| Guadalupe 0.0025537} 604 75 74,40 o 0000083 19
[Wison 0.0001742| 41, 25 001] 0. 001.3511 397,06
Bastrop 0.0020209) 478.59] 0 0001363 58.88) o 0000066 0.15| 0. 0161398 4606.81]
Caldw el 0,0000000 000 0,0000000] 000 oounooon 000[  0.0000000] 0.00)
Austin Area [Hays 0.0004570) 108.22]  0.0000308] 1331 003 104168
Travis 0.0037244] 88201 0 0000121
Wiiamson 0,0000000] _
Gregg 0,0000000]
North East  [rarroon 0.0000000
Toxas Area [RUSK 0.0230990) X 000
mith 0.0000000] n.oo 0.00]
Upshur 0.0000000 [ o.0000000] 0-00
(Corpus Christi|Nueces 0.0039446] _ 0. oouoooo 0.00] 0.0000000) X X
Area San Patricio 0.0065901] 1560, es 191,99 0.00| 0.00) 0.00) 16775.56] 839
Victoria Area_|Victoria 0.0013565, _ 000 0.0000000] 000 0.0000000] 0.00 3453.17] 173
Anderson 00000993 2351 0006091 0.00] 0.0000000) 0.00) 289.07] 0.14]
Angelina 0.0023609) 550.12) 000 0.0000000) 0.0000000) 0.0 6873.66) 3.44)
Atascosa 0.0056178] 133042 0.0003789) 000 0.0000000] 0.0000000] 000 14300.72 715}
Bell 0.0003169) 7504 00019438 000[ 0.0000000] 0.0000000] 92251 0.46)
Bosque 0.0005586 13229 0.0034268| 000 0.0000000) 0.0000000) 0.00)
[Brazos 0.000630) 14941 00038702 000 0.0000000) 0.0000000) 0.00) 1836.77] 0.92
Calhoun 00089052 210893]  0.0006006] _ 0.0000290) 000 0.0000000) 0.0000000) 0.00) 2266891 11.33
Cameron 0.0003829) 9067 0.0000258| 000  0.0000000] 0.0000000) 0.00) 974,58 0.49
Cherokee 0.0003163] 7490 00019403 0.0000937] 000[ 0.0000000] 0.0000000] 0.00) 92084 0.46|
Coke 0.0000186} 4400 00001140) 0.0193554] 000[ 0.0000000] 0.0000000] 0.00) 49542 025}
Colorado 0.0014238] 33747] 00000960 0.0000046] 000[ 0.0000000] 0,0000000]
[Ector 0.0000875| 2073] 00005370 X 0.0911920] 000[ 0.0000000] 0.0000000]
Fayette 00145746 345156 0.0009829) 42461 000 0.0000000] 0.0000000)
Freestone 00119927 284011 0.0735691] 31780.12]  0.0035535) 81 05 000 0.0000000] 0.0000000)
Frio 0.0070493] 166942 0.0004754] 20537 0.0000230) 052 0.0562084] 000[ 0.0000000] 0,0000000]
Goliad 00048705, 115347 00003255 000 0.0000000] 0.0000000)
Grayson 0.0003526) 83500 00021631 0.0000000] 000[ 0.0000000] 0.0000000]
Grimes 0.0040259) 95342 00246970 0,0000000] 000[ 0.0000000] 0.0000000]
Hidalgo 0.0019966] 41283 00001347 0.0000000] 000[ 0.0000000] 0,0000000]
Hill 0.0002855| 67.62| 00017516 0.0000000] 000[ 0.0000000] 0.0000000]
Howard 0.0000144] 340 0.0000882] Y . : 0.0000000] 000[ 0.0000000] 0,0000000]
Other ERCOT [Lamar 0.0021320) 50491 0013079%0] 564980 00006317 1441 00001334 3800 0.0000000) 000 0.0000000] 0.0000000
Counties |Limestone 00204136 483436] 01252072 _ 0.0060487) 13796] 00012776 36467 0.0000000} 000 0.0000000] 0.0000000
Liano 0.0001824| 4320) 0000123 0.0000006} 001 0.0014569] 41584 0.0000000 000[ 0.0000000] 0.0000000]
McLennan 00030116 713.21] 00008924 2035 000 0.0000000] 0.0000000
Wilam ocororzs] 1674.06] 000 o.0000000f 00000000
Mitchell 0.0000271] 642 00001662 000[ 0.0000000] 0.0000000]
0.0001434] 3396 0000879 000[ 0.0000000] 0.0000000]
Nolan 0.0000118] 279 0.0000723] 000[ 0.0000000] 0.0000000]
Palo Pinto 0.0004872] 11538 0.0020887] 000[ 0.0000000] 0.0000000]
Pecos 0.0000027] 063 0.0000163] 000[ 0.0000000] 0.0000000]
Reagan 0.0000002] 00s{ 0.0000013] 000[ 0.0000000] 0.0000000]
Red River 0.0000870) 875 00002267 97.92] 000[ 0.0000000] 0.0000000]
Robertson 0.0132076) 3127.83]  0.0810220) 3499962 5 000[ 0.0000000] 0.0000000]
Scurry 00001368 0.0000000) 000 0.0000000] 0.0000000)
Titus 00137878 3265.22 00040854 0.0000000) 000 0.0000000] 0.0000000)
Upton 0.0000002] 004 0.0000011] 047] __0.0001866) 0.0000000] 000[ 0.0000000] 0.0000000]
Ward 0.0000029] 070  0.0000180] 7.78] 00030571} 0.0000000] 000[ 0.0000000] 0.0000000]
Webb 0.0000284] 673 0.0000019) 083 0.0000001] 0.0000000) 000[ 0.0000000] 0.0000000)
Wharton 0.0008837] 20928] 0000059 2575 00000029 0.0000000) 000] 0.0000000] 0.0000000)
Wichita 0.0000016] 042 0.0000109) 473 0.0018585) 0.0000000) 000] 0.0000000] 0.0000000)
Wilbarger 0.0005643] 13363 00034614 149526) _ 0.5877706) 0.0000000) 000] 0.0000000] 0.0000000)
Wood 0.0000059) 139 0.0000359) 1552 00000017 0.0000000) 000] 0.0000000] 0.0000000)
Young 0.0000208] 49| oo00127| 5504 00216376 0.0000000) 000] 0.0000000] 0.0000000)
Cass 0.0000000) 000 0.0000000] 000 00000000} 0.0117610) 16489 0,0000000) 0.0000000)
Gaines 0.0000000) 000 0.0000000] 000 00000000} 0.0017993] 2523] 0000000 0.0000000)
Gray 0,0000000) 000 0.0000000] 000 00000000} 0.0007004] 982 0.0000000] 0.0000000)
Hale 0,0000000] 000] 0,0000000] 000 0,0000000) 0,0137110] 19223 0,0000000] 0,0000000]
Hemphill 0,0000000] 000] 0,0000000] 000 0,0000000) 0,0229912] 32234 0000000 0,0000000]
Hutchinson 0,0000000] 000] 0,0000000] 000 0,0000000) 0.1043705| 146329 0.0000000] 0,0000000]
Other PP [Lamb 0,0000000] 000] 0,0000000] 0,0000000] 0.2602463] 364869 0.0000000] 0,0000000]
Counties  [Lubbock 0,0000000] 000[ 0,0000000] 0,0000000] 0,0446470) 62596 00000000 0,0000000]
Marion 0,0000000] 000] 0,0000000] 0,0000000] 0.0255208] 35780 00000000 0,0000000]
Moore 0,0000000] 000[ 0,0000000] 0,0000000] 0,0004443] 623 00000000} 0,0000000]
Morris 0,0000000] 000[ 0,0000000] 0.0000000] 0,0003403] 477 0.0000000] 0,0000000]
Potter 0,0000000] 000[ 0,0000000] 0,0000000] 3592.36] 0,0000000] 0,0000000]
Titus 0.0137878] 326522 0.0845810) 0.0040854] 000[ 0.0000000] 0,0000000]
Yoakum 0,0000000] 000[ 0,0000000] 0.0000000] 50251 0000000 0,0000000]
Jasper 0.0000000] 000] 0,0000000] 0,0000000] 000]  0.0130217] 0,0000000]
Other SERC [Newton 0.0000000] 000] 0,0000000] 0.0000000] 000] 0.0148427] 0,0000000]
Counties [San Jacinto 0.0000000] 000[ 0,0000000] 0.0000000] 000[  0.0026310] 0.0000000] ]
Tyler 0.0000000] 000[ 0,0000000] 0.0000000] Y [ wﬁ' 14 41\ 0.0000000] 000] 1441 001}
Total 04927768] 11669940 06891868 09589944]  2187230] 07276081 20768196] 13340545]  1870362] 04990937]  10580.33] 12223686]  11508.90] 68475917 34238
Energy
Savings
MWh) 236,820) 431,977 22808 285,431 14,020) 21,199 9.415|
November 2020 Energy Systems Laboratory, Texas A&M University System
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4.3 2019 Results for New Residential Construction (Single-family and Multi-family)

Table 17 presents the individual and combined annual electricity savings and NOx emissions reductions resulted
from the new single-family and multi-family Construction in 2019. In addition, Table 17 includes the combined
natural gas savings from the new Construction for both single-family and multi-family and the corresponding NOx
emissions reductions.?

The total NOx reductions from electricity and natural gas savings from total new single-family and multi-family
Construction in 2019 are 482.06 tons NOx/year, including 105.85 tons NOx/year (21.96 %) from single-family
residential electricity savings, 342.38 tons NOx/year (71.02 %) from multi-family residential electricity savings, and
33.83 tons NOx/year (7.02 %) from natural gas savings from both single-family and multi-family residences. Figure
8 through Figure 12 show the electricity savings and NOXx reductions tabulated in Table 17. Figure 8 shows the
annual electricity savings by county using a stacked bar chart and Figure 9 shows the spatial distribution of the
electricity savings by county across the state. Figure 10 shows the annual NOXx reductions by using a stacked bar
chart. Figure 11 and Figure 12 show the spatial distribution of the NOXx reductions from electricity only, and
electricy and natural gas, by county across the state, respectively.

%0.092 Ib-NOx/MMBtu of emission rate was used for the calculation.

November 2020 Energy Systems Laboratory, Texas A&M University System
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Table 17: 2019 Annual NOx Reductions from New Single-family and Multi-family Residences

Electricity Savings and ey Seligs el || o EEiky Savmg% 2 Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resulhant_ e Re§ultant [ox Re_ductlf)ns Resultant NOx Reductions Reductions
(Single Family Houses) R_edu_ctlons (Sipg clapcihiul oty (Single and Multi-Family Houses)
(Multifamily Houses) Houses)
County Total Annual nglc:::‘;‘t“ya' Total Annual
Electricity Savings | Annual Nox Savingspor | Annual Nox | Blectricity Savings | Annual Nox Total Annual N.G Annual Nox Annual Nox
per County w/ 7% | Reductions [ RS0 | Reductions | per County w/79% | Reductions |¢ oo riD S| Reductions Reductions
T&D Loss (Tons) (Tons) T&D Loss (Tons) (Tons) (Tons)
(MWh/County) T&D Loss (MWh/County)
(MWh/County)
HARDIN 37245 001 539.52 001 911.97 0.01 2,777.16 0.01 0.03
HARRIS 33,114.28 3.71 208,280.75 14.57 241,395.03 18.27 507,391.63 233 2061
JEFFERSON 1,116.55 144 2,108.30 1.90 3,224.85 334 9,137.66 0.04 338
ORANGE 482.67 195 83.17 257 565.85 452 2,748.13 0.01 453
TARRANT 24,293.85 030 124,124.76 1.09 148,418.61 1.39 884,565.57 4.07 5.46
COLLIN 25,873.13 0.04 64,622.51 015 90,495.65 0.19 729,367.26 336 355
DALLAS 15,981.74 083 166,975.45 3.04 182,957.19 3.86 1,046,744.70 482 8.68
HOOD 542.74 045 363.93 164 906.67 2.09 7,208.59 0.03 212
HUNT 807.42 001 0.00 005 807.42 0.06 9,700.20 0.04 011
HENDERSON 127.40 0.08 74.96 0.29 202.37 037 264.72 0.00 037
BEXAR 13,320.22 6.36 77,447.20 19.93 90,767.42 26.29 586,654.25 2.70 28.99
TRAVIS 23,059.02 151 137,194.15 474 160,253.17 6.25 1,020,018.07 469 1095
DENTON 18,893.02 0.60 24,235.03 222 43,128.05 2.83 286,187.04 1.32 415
WILLIAMSON 13,638.05 19,036.23 32,674.27 0.00 364,418.41 1.68 168
EL PASO 6,720.96 411 9,415.32 5.75 16,136.28 9.86 76,046.82 035 1021
MONT GOMERY 11,249.57 036 16,702.75 048 27,952.32 084 93,037.33 043 1.26
GALVESTON 4,011.50 041 3,495.67 163 7,507.18 2.04 20,344.78 0.09 213
BRAZORIA 5,855.66 1.88 31.40 7.37 5,887.06 9.25 24,049.78 0.11 9.36
Non- COMAL 7,198.63 017 2,523.79 054 9,722.42 071 102,042.49 0.47 118
attainment  |ROCKWALL 3,585.19 4,088.59 7,673.78 0.00 69,110.12 032 032
HAYS 7,774.31 019 3,033.89 058 10,808.20 077 115,009.23 053 1.30
and Affected
. NUECES 2,467.99 1.60 238.64 5.02 2,706.63 6.62 11,999.31 0.06 6.68
Counties e senp 15,633.24 229 24,193.80 9.00 39,827.05 1129 130,733.47 0.60 11.89
ELLIS 5511.64 039 2,104.79 143 7,616.43 1.82 58,729.44 027 2.09
| JOHNSON 2,051.38 0.06 5,109.57 0.20 7,160.95 0.26 45,428.07 021 047
GUADALUPE 2,138.36 1.04 6,602.64 3.25 8,741.00 429 62,306.98 0.29 457
KAUFMAN 1,514.55 1.10 2,172.07 4.06 3,686.62 5.16 32,116.87 015 531
PARKER 1,062.16 025 5,905.02 092 6,967.18 118 43,736.58 0.20 138
SMITH 1,142.78 696.09 1,838.87 0.00 2,360.29 0.01 0.01
BASTROP 408.71 082 115.16 257 523.87 339 5,200.77 0.02 342
CHAMBERS 1413.76 0.60 0.00 235 1,413.76 295 7,706.32 0.04 298
GREGG 388.89 002 245.86 005 634.75 0.07 1,008.84 0.00 0.07
SAN PATRICIO 662.95 2.68 2,082.70 8.39 2,745.65 11.07 5,291.58 0.02 11.09
LIBERTY 1,527.58 0.00 1,527.58 0.00 9,007.06 0.04 0.04
VICTORIA 266.89 055 642.13 173 909.01 228 2,303.66 0.01 229
CALDWELL 705.76 115.16 820.92 0.00 8,990.12 0.04 0.04
WILSON 52.41 0.07 0.00 0.22 52.41 0.29 642.49 0.00 0.30
WALLER 44.39 818.35 862.74 0.00 147146 001 0.01
UPSHUR 15.77 0.00 15.77 0.00 116.26 0.00 0.00
RUSK 0.00 9.15 0.00 33.63 0.00 42.77 0.00 0.00 4277
HARRISON 113.42 085 0.00 1.86 113.42 271 315.54 0.00 2.72
wise 262.67 112 2,172.07 411 2434.74 522 17,360.83 008 530
HIDALGO 7,859.98 081 25,866.78 254 33,726.76 335 63,202.07 0.29 364
CAMERON 3,098.52 0.16 5989.76 0.49 9,088.28 064 21,104.85 0.10 0.74
BELL 5,930.45 013 4,134.05 0.46 10,064.50 059 120,737.86 056 114
weBB 3,984.19 001 3,254.22 0.04 7,238.40 0.05 41,961.46 0.19 0.24
BRAZOS 1,866.30 025 3,325.86 092 5192.16 117 16,249.22 0.07 124
KENDALL 1,083.76 0.00 1,083.76 0.00 6.796.18 0.03 0.03
BURNET 1,790.43 32.47 1,822.91 0.00 11,347.25 0.05 0.05
GRAYSON 1,765.19 0.14 5,149.04 051 6,914.23 065 55,353.40 025 091
CORYELL 488.82 271.09 759.90 0.00 9,448.06 0.04 0.04
MIDLAND 3455.07 0.00 3,455.07 0.00 30,612.23 0.14 0.14
LLANO 317.71 007 32.47 0.23 350.18 031 2,111.89 0.01 032
MAVERICK 269.28 43.39 312,67 0.00 2,655.20 0.01 0.01
MCMULLEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ARANSAS 471.30 0.00 471.30 0.00 2,244.77 0.01 0.01
WICHITA 287.30 001 999.52 0.02 1,286.82 0.03 9,713.64 0.04 0.08
TAYLOR 1,020.00 288.64 1,308.63 0.00 12,834.77 0.06 0.06
TOM GREEN 800.73 0.00 800.73 0.00 7178.59 0.03 0.03
MCLENNAN 2424.43 119 5,862.22 438 8,286.65 5.58 79,531.09 037 594
MCCULLOCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JIM HOGG 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other ERCOT [VAL VERDE 32233 101.97 424.30 0.00 4,508.75 0.02 0.02
Counties  [ecTor 1,990.01 042 18,073.09 117 20,063.10 1.59 132,483.81 061 2.20
WHARTON 236.60 0.36 0.00 112 236.60 1.48 1,298.53 001 1.49
KERR 261.29 64.95 326.24 0.00 1,877.71 0.01 0.01
PRESIDIO 59.42 0.00 59.42 0.00 532.69 0.00 0.00
JIM WELLS 31.29 0.00 31.29 0.00 149.03 0.00 0.00
CALHOUN 174.14 362 4281 11.33 216.95 1495 1,011.64 0.00 14.96
GILLESPIE 190.03 64.95 254.98 0.00 1,430.84 0.01 0.01
MAT AGORDA 295.28 0.00 295.28 0.00 1,620.56 0.01 0.01
NAVARRO 876.50 271.09 1,147.59 0.00 15,386.54 0.07 0.07
ANGELINA 164.75 093 0.00 344 164.75 437 1,121.93 0.01 438
NACOGDOCHES 4233 0.06 44.40 021 86.73 027 106.94 0.00 027
FANNIN 83.53 28.29 111.82 0.00 1,191.09 0.01 0.01
ATASCOSA 117.74 2.28 0.00 715 117.74 9.43 1,446.75 0.01 9.44
WASHINGTON 101.73 0.00 101.73 0.00 619.66 0.00 0.00
LAMAR 63.20 084 908.58 3.10 971.78 3.95 6.144.33 0.03 398
VAN ZANDT 89.42 56.79 146.21 0.00 1,426.94 0.01 0.01
WILLACY 102.54 0.00 102.54 0.00 518.92 0.00 0.00
BROWN 432.63 152.49 585.12 0.00 7,729.73 0.04 0.04
ERATH 104.08 5520.23 5,624.31 0.00 39,146.56 0.18 0.18
AUSTIN 49.94 0.00 49.94 0.00 304.20 0.00 0.00
COOKE 18933 0.00 189.33 0.00 227453 001 0.01
MEDINA 68.13 0.00 68.13 0.00 835.24 0.00 0.00
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Table 17: 2019 Annual NOx Reductions from New Single-family and Multi-family Residences (Continued)

Electricity Savings and ey SEulligs @i || o) EReRiEy SaV|ng§ ) Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resulmnt_ e Res.ulmnt Qox Re'ductlgns Resultant NOx Reductions Reductions
(Single Family Houses) R_edu_ctlons (et b ) (MU Ky (Single and Multi-Family Houses)
(Multifamily Houses) Houses)
county Total Annual T"E:Z'Cﬁi”c”““ya' Total Annual
Hlectricity Savings Annual Nox Savings per Annual Nox | lectricity Savings | Annual Nox Total Annual N.G. Annual Nox Annual Nox
per County w/ 7% Reductions County wi 7% Reductions | per County w/7% | Reductions Savings (Therm/County) Reductions Reductions
T&D Loss (Tons) T&D Loss (Tons) T&D Loss (Tons) (Tons) (Tons)
(MWh/County) (MWh/County) (MWh/County)
TITUS 6932 6.37 0.00 22.05 6932 28.42 194.56 0.00 28.42
UVALDE 73.38 0.00 73.38 0.00 899.49 0.00 0.00
FAYETTE 24.05 5.92 0.00 18.55 24.05 24.47 146.47 0.00 24.47
CALLAHAN 3271 0.00 3271 0.00 347.82 0.00 0.00
HOPKINS 72.65 227.14 299.80 0.00 2,348.11 0.01 0.01
LAMPASAS 89.90 33.89 12378 0.00 1,622.09 001 001
BLANCO 32.66 0.00 32.66 0.00 204.82 0.00 0.00
FREEST ONE 14.05 4.75 0.00 17.46 14.05 2221 215.16 0.00 2221
GRIMES 188.66 1.59 0.00 5.86 188.66 7.45 1,149.19 0.01 7.46
LEE 48.34 23.03 7137 0.00 739.03 0.00 0.00
SOMERVELL 54.74 0.00 54.74 0.00 469.41 0.00 0.00
ANDREWS 74.99 2,435.26 2,510.25 0.00 16,140.19 0.07 0.07
BORDEN 57.50 0.00 57.50 0.00 533.17 0.00 0.00
CHEROKEE 29.48 0.13 0.00 0.46 29.48 0.59 200.77 0.00 0.59
DIMMIT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FALLS 36.52 0.00 36.52 0.00 559.42 0.00 0.00
COLORADO 24.05 0.58 62.95 181 87.00 2.39 238.86 0.00 2.39
FRIO 15.70 2.87 0.00 8.97 15.70 11.84 192.90 0.00 11.84
MILAM 22.53 2.87 0.00 9.00 2253 11.88 344.26 0.00 11.88
JACKSON 15.14 0.00 15.14 0.00 83.11 0.00 0.00
ANDERSON 34.69 0.04 0.00 0.14 34.69 0.18 236.20 0.00 0.18
HILL 112.37 0.11 0.00 0.42 112.37 0.53 1,721.30 0.01 0.54
CULBERSON 22.01 0.00 22,01 0.00 101.17 0.00 0.00
MASON 1188 0.00 11.88 0.00 74.48 0.00 0.00
POTTER 814.35 0.82 272.12 1.80 1,086.47 2.62 3,642.81 0.02 2.63
PECOS 16.98 0.01 656.56 0.04 673.53 0.05 4,054.47 0.02 0.07
RAINS 50.30 0.00 50.30 0.00 592.88 0.00 0.00
LAVACA 41.01 0.00 41.01 0.00 182.45 0.00 0.00
PALO PINTO 29.74 0.19 0.00 0.71 29.74 0.90 316.20 0.00 0.90
KIMBLE 2.83 0.00 2.83 0.00 25.37 0.00 0.00
MADISON 12.95 0.00 12.95 0.00 78.87 0.00 0.00
ARCHER 89.96 0.00 89.96 0.00 931.52 0.00 0.00
REFUGIO 92.75 0.00 9275 0.00 509.02 0.00 0.00
LIMESTONE 39.33 8.08 0.00 29.72 39.33 37.80 602.45 0.00 37.80
CLAY 8.71 0.00 8.71 0.00 90.15 0.00 0.00
BEE 20.82 64.21 85.03 0.00 198.16 0.00 0.00
MART IN 42.85 0.00 4285 0.00 379.69 0.00 0.00
GONZALES 34.07 0.00 34.07 0.00 417.62 0.00 0.00
BURLESON 11.10 755.40 766.50 0.00 1,176.27 0.01 0.01
KARNES 157.74 0.00 157.74 0.00 1,946.14 0.01 0.01
KLEBERG 76.54 0.00 76.54 0.00 417.25 0.00 0.00
Other ERCOT [BREwSTER 53.76 0.00 53.76 0.00 481.95 0.00 0.00
Counties WINKLER 8.04 0.00 8.04 0.00 7119 0.00 0.00
WOOD 44.68 0.00 881.03 0.01 925.71 0.01 5,065.53 0.02 0.03
FRANKLIN 5.59 0.00 5.59 0.00 65.88 0.00 0.00
YOUNG 595 0.10 0.00 028 595 038 63.24 0.00 038
HOUSTON 1.73 0.00 1.73 0.00 11.81 0.00 0.00
SCURRY 9.08 0.66 0.00 1.82 9.08 2.49 84.19 0.00 2.49
BOSQUE 19.67 0.22 0.00 0.81 19.67 1.03 301.23 0.00 1.04
COMANCHE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BRISCOE 18.01 0.00 18.01 0.00 617.15 0.00 0.00
CONCHO 2.83 0.00 2.83 0.00 25.37 0.00 0.00
ZAVALA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NOLAN 14.87 0.06 0.00 0.16 14.87 0.21 158.10 0.00 0.21
BROOKS 4.00 0.00 4.00 0.00 20.69 0.00 0.00
ROBERTSON 140.57 5.23 0.00 19.23 140.57 24.46 856.26 0.00 24.46
LIVE OAK 9.78 0.00 9.78 0.00 46.57 0.00 0.00
HAMILTON 8.43 0.00 8.43 0.00 129.10 0.00 0.00
JONES 0.00 0.00 0.00 0.00 0.00 0.00 0.00
REAGAN 0.00 0.00 104.50 0.00 104.50 0.00 662.87 0.00 0.01
'WARD 0.00 0.01 0.00 0.04 0.00 0.05 0.00 0.00 0.05
RED RIVER 12.23 0.01 0.00 0.05 12.23 0.07 3433 0.00 0.07
HASKELL 8.92 0.00 8.92 0.00 94.86 0.00 0.00
HOWARD 112.49 0.07 69.58 0.19 182.07 0.26 1,438.84 0.01 0.27
SAN SABA 8.91 0.00 8.91 0.00 55.86 0.00 0.00
JACK 0.00 0.00 0.00 0.00 0.00 0.00 0.00
STEPHENS 11.89 0.00 11.89 0.00 126.48 0.00 0.00
RUNNELS 14.15 0.00 14.15 0.00 126.83 0.00 0.00
REEVES 179.45 0.00 179.45 0.00 1,589.94 0.01 0.01
DEWITT 13.25 0.00 13.25 0.00 7272 0.00 0.00
CHILDRESS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CROSBY 3.03 0.00 3.03 0.00 28.06 0.00 0.00
DAWSON 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MITCHELL 14.87 0.13 0.00 0.36 14.87 0.49 158.10 0.00 0.49
WILBARGER 5.80 2.73 0.00 7.52 5.80 10.26 60.10 0.00 10.26
COLEMAN 0.00 0.00 0.00 0.00 0.00 0.00 0.00
UPTON 10.72 0.00 0.00 0.00 10.72 0.00 94.88 0.00 0.00
COKE 2.83 0.09 0.00 0.25 2.83 0.34 25.53 0.00 0.34
CROCKETT 53.76 0.00 53.76 0.00 481.95 0.00 0.00
HARDEMAN 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BANDERA 2.62 0.00 262 0.00 32.12 0.00 0.00
BAYLOR 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COTTLE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CRANE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DELTA 19.56 0.00 19.56 0.00 23056 0.00 0.00
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Table 17: 2019 Annual NOx Reductions from New Single-family and Multi-family Residences (Continued)

Electricity Savings and BB SIS i) || T EREiEy SaV|ng§ i Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resultant' Ao Re§ultant Rox Refductlgns Resultant NOx Reductions Reductions
(Single Family Houses) R_edu_ctlons (Sgldencihluiaian (Single and Multi-Family Houses)
(Multifamily Houses) Houses)
County Total Annual T‘Sz'ﬁﬁ‘”c”‘:ya' Total Annual
Hlectricity Savings Annual Nox Savings per Annual Nox | Hlectricity Savings | Annual Nox Total Annual N.G. Annual Nox Annual Nox
per County w/ 7% Reductions County wi 7% Reductions | per Countyw/7% [ Reductions Savings (Therm/County) Reductions Reductions
T&D Loss (Tons) T&D Loss (Tons) T&D Loss (Tons) (Tons) (Tons)
(MWh/County) (MWh/County) (MWh/County)
DICKENS, 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DUVAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EASTLAND 14.87 180.40 195.27 0.00 1,401.23 0.01 0.01
EDWARDS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FISHER 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FOARD 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GLASSCOCK 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GOLIAD 0.00 1.98 0.00 6.20 0.00 8.18 0.00 0.00 8.18
HALL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HUDSPETH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
IRION 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JEFF DAVIS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KENEDY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KENT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KING 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other ERCOT KINNEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. KNOX 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Counties LA SALLE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LEON 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LOVING 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MENARD 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MILLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MONTAGUE 25.06 0.00 25.06 0.00 30104 0.00 0.00
MOTLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
REAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SCHLEICHER 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SHACKELFORD 0.00 0.00 0.00 0.00 0.00 0.00 0.00
STARR 6.69 0.00 6.69 0.00 3384 0.00 0.00
STERLING 0.00 0.00 0.00 0.00 0.00 0.00 0.00
STONEWALL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUTTON 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TERRELL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
THROCKMORTON 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZAPATA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ARMSTRONG 2058 0.00 2058 0.00 70531 0.00 0.00
BAILEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BOWIE 101.94 0.00 101.94 0.00 286.12 0.00 0.00
CAMP 14.27 0.00 1427 0.00 40.06 0.00 0.00
CARSON 7.72 0.00 7.72 0.00 264.49 0.00 0.00
CASS 32.62 0.04 0.00 0.08 32.62 0.12 91.56 0.00 0.12
CASTRO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COCHRAN 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COLLINGSWORTH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DALLAM 12.86 0.00 12.86 0.00 440.82 0.00 0.00
DEAF SMITH 5.14 0.00 5.14 0.00 176.33 0.00 0.00
DONLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FLOYD 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gaines 536 0.01 0.00 0.01 5.36 0.02 47.46 0.00 0.02
GARZA 5.93 0.00 5.93 0.00 62.89 0.00 0.00
GRAY 2.57 0.00 0.00 0.00 2.57 0.01 88.16 0.00 0.01
HALE 23.15 0.04 0.00 0.10 23.15 0.14 793.47 0.00 0.14
HANSFORD 5.14 0.00 5.14 0.00 176.33 0.00 0.00
HARTLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMPHILL 0.00 0.07 0.00 0.16 0.00 0.23 0.00 0.00 0.23
HOCKLEY 23.15 0.00 23.15 0.00 793.47 0.00 0.00
HUT CHINSON 0.00 033 0.00 073 0.00 1.07 0.00 0.00 1.07
JASPER 57.42 0.10 748.57 0.14 805.99 0.24 1,371.61 0.01 0.25
Other TEXAS LAMB 12.86 0.83 0.00 1.82 12.86 2.66 440.82 0.00 2.66
. LIPSCOMB 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Counties
LUBBOCK 4,470.60 0.14 13,411.34 0.31 17,881.95 0.46 140,595.89 0.65 1.10
LYNN 2.97 0.00 2.97 0.00 31.45 0.00 0.00
MARION 8.10 0.08 0.00 0.18 8.10 0.26 22.54 0.00 0.26
MOORE 41.16 0.00 0.00 0.00 41.16 0.00 1,410.62 0.01 0.01
MORRIS 2.04 0.00 0.00 0.00 2.04 0.00 5.72 0.00 0.00
NEWTON 0.00 012 0.00 0.16 0.00 0.28 0.00 0.00 028
OCHILTREE 2.57 0.00 2.57 0.00 88.16 0.00 0.00
OLDHAM 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PANOLA 16.12 0.00 16.12 0.00 46.17 0.00 0.00
PARMER 257 0.00 2.57 0.00 88.16 0.00 0.00
POLK 479.89 1,016.79 1,496.67 0.00 4,025.70 0.02 0.02
RANDALL 249.51 60.54 310.05 0.00 9,252.35 0.04 0.04
ROBERTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SABINE 2.02 0.00 2.02 0.00 5.77 0.00 0.00
San Augustine 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SAN JACINTO 731.31 0.02 0.00 0.03 731.31 0.05 4,312.01 0.02 0.07
SHELBY 2.02 0.00 2.02 0.00 5.77 0.00 0.00
SHERMAN 28.29 30.27 58.57 0.00 1,320.03 0.01 0.01
SWISHER 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TERRY 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRINITY 5.20 0.00 5.20 0.00 35.43 0.00 0.00
TYLER 10.74 0.01 0.00 0.01 10.74 0.01 58.46 0.00 0.01
WALKER 652.93 2,465.54 3,118.47 0.00 7,595.69 0.03 0.03
WHEELER 0.00 0.00 0.00 0.00 0.00 0.00 0.00
YOAKUM 10.29 0.11 0.00 0.25 10.29 0.37 352.66 0.00 0.37
TOTAL 308,979.85 105.85 | 1,021,669.69 342.38 1,330,649.54 448.23 7,354,311.52 33.83 482.06
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Figure 8: 2019 Annual Electricity Savings by County from New Single-family and Multi-family Residences
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Figure 9: Map of 2019 Annual Electricity Savings by County from New Single-family and Multi-family Residences
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Figure 10: 2019 Annual NOx Reductions by County from New Single-family and Multi-family Residences
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Figure 11: Map of 2019 Annual NOx Reductions from Electricity by County from New Single-family and Multi-
family Residences
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Figure 12: Map of 2019 Annual NOx Reductions from Electricity and Natural Gas by County from New Single-
family and Multi-family Residences

4.4 2019 Results for Commercial Construction

This section reports the calculated energy savings and emissions reductions from new commercial construction in
2019 that was built to meet ASHRAE Standard 90.1-2013.

To determine the energy savings and emissions reductions from new commercial construction in all counties in
Texas, including the 42 non-attainment and affected counties, data from two sources (i.e., Dodge and USDOE) were
merged into one analysis as shown in Figure 13. Beginning in the upper left of Figure 13, the Dodge database of the
square footage of new commercial construction per county in Texas (Dodge 2020) was categorized by the building
types in the report published by the US Department of Energy (DOE) (USDOE 2014). This allowed for the new
construction to be tracked by county and building type. The next block in Figure 13 and Table 18 show the
categories from the Dodge database and the DOE report. The Dodge “stores and restaurant” category had to be split
into two categories to match the two DOE categories for “retail” and “food.” To accomplish this, information
published in the 2012 CBECS database by the US DOE’s EIA was used to determine the percentages used to split
the Dodge conditioned area for each county as shown in Table 19 (i.e., 21.33% for food and 78.67% for retail). As a
result, six Dodge building types were categorized into seven DOE building types and the resultant square footage of
new commercial construction by the seven DOE building types is shown in Figure 14 for all building types and in
Figure 15 for each building type.

In the next step, the annual energy savings were calculated. To accomplish this, this report used the resultant square
footage and savings of the annual energy use intensity (EUI). The DOE report included the annual EUI values,
which comply with the ASHRAE Standard 90.a1-2007 and 2013, by seven building types (USDOE 2011). The
annual energy use for each building type was calculated by multiplying the annual EUI value by the resultant square
footage. Then, the annual energy savings were calculated by subtracting the annual energy use from ASHRAE
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Standard 90.1-2007 to the annual energy use from ASHRAE Standard 90.1-2013. From Table 20 to Table 22 show
the annual energy use calculated for new commercial construction, by building type, for ASHRAE Standard 90.1-
2007 and ASHRAE Standard 90.1-2013. Table 23 shows the county-wide annual electricity and natural gas savings
by building type.?

In the next calculation step, CL Zones were assigned to each county as shown in Table 24. In the case where more
than one provider was shown in a county, a percentage of electricity use was allocated.

Table 26 shows the transformation of the annual county-wide electricity and natural gas savings, along with the
associated 2019 NOx emissions reductions with 7% T&D losses.?® Figure 16 shows the bar chart of the annual
electricity savings for 2019. Figure 17 presents the NOx emissions reductions resulted from electricity and natural
gas savings. The total NOx reductions from electricity and natural gas savings from new commercial Construction in
2019 are calculated to be 108.65 tons NOx/year which represents 62.19 tons NOx/year from electricity savings and
46.46 tons NOx/year from natural gas savings.

2 In this table (-) values are savings, (+) values are increased energy use.
20.092 Ib-NOx/MMBtu of emission rate was used for the calculation.

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 62

DODGE DOE
Building construction (ft2hyr) Energy use (kBiu/ftyr) )
according to & buiding types - ; P - Accordingte 7 building types using
and 254 counties Classify building types ASHRAE 90.1-2007 and 2013
¥
DODGE building type DOE building type
{ Apartments » Apartments —
I,-' Hospital and Other Heatth { >/ Healthcare | |
Treatment ! |
T8.67% of Retail ! |
| 7 21.33% of Food o Retail —
/ Stores and Restaurants = Service L /
| ! from CBEC ; -
(2012) | Food Service —
Hotel and Motels »/ Lodging J—
Office and Bank Buildings ."I :{I Office \_
."I School, Libraries,\and Labs ."I =."I Education .'I
f (nonmfg) / / ."_
DOE results using ASHRAE 90.1-2007 I."I Ftz of 2019 for each building type jI‘_
Elec. EUI [kWh/ft*yr] Gas EUI [MBtu/ft'-yr) ¢ '
Apartments 1010 0.010
Healthcars 20 pos Calculate annual energy consumptien of 7
Lodging 1731 0034 building types using 2007 and 2013 DOE .
Office 1139 0.004 * simulation results and fi2 from DODGE
Education 1223 2.042 = Electric: KWhifte-yrx fi
Retail [75.67%] 1513 0.015 * Gas: MBtu/fiyrx ft:
Food Service [21.33 %) 5925 0.253 ¢
Calculate annual energy savings of 7 building
DQE results using ASHRAE 90.1-2013 types o
* Elec. consumption using ASHRAESD.1 2007 -
Elec. EUI {kWh/ft*yr] Gas EUI (MBtu/ft'-yr) Elec. consumption using ASHRAES0.1 2013
Apartments 1037 g.010 - Gas consumption using ASHRAESO.1 2007 —
Healthcare 2251 0.023 Gas consumption using ASHRAES0.1 2013
Lodging 1122 0.034 ¢
Office 1173 0.005 T
Education 9.95 0.014 J_.a-"’t-lurnplete DODGE dﬁta-h'“‘“--ﬂ_ No
Retail [78.67%) 1145 0.011 e For 20197 P
Food Service {21.33%) 5030 0.259 T J_’_,-I"
-1'- VEs

! Energy savings |
{ for2019 |

Figure 13: Calculation Method for 2019 Energy Savings from New Commercial Buildings
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Table 18: Commercial Building Types in the US DOE Report and Dodge Database

No. DOE Building Types Dodge Building Types
1 Apartments Apartments
2 Healthcare Hospitals and Other Health Treatment
3 Lodging Hotels and Motels
4 Office Office and Bank Buildings
5 Education Schools, Libraries, and Labs (honmfg)
6 Retail
Stores and Restaurants
7 Food Service

Table 19: Commercial Building Floor Area for Retail and Food Service Types from CBECS Database

CBECS (2012)
Total Floor Area % Distribution
(million square feet) of Floor Area
Food Sales 1,252
Food 21.33
Food Service 1,819
Retail (Other Than Mall) 5,439
Retail 78.67
Enclosed and Strip Malls 5,890
All the Tvpes of Conumercial Constructions, DOE Bldg Classification (2019)
;tx BApartments @ Healthcare BLodging OOffice @ Education DORetall BFood Service
2. 20000
= 24000
g 20000
z 16000
= 12000 A
8000
§ 4000 H
=1 L I = oy
N TE THTE
$E¢ £y g JgEb =
= 2
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All the Types of Commercial Constructions, DOE Bldg Classification (2019), Continued)
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Apartments, DOE Bldg Classification (2019)
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Lodging, DOE Bldg Classification (2019)
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Education, DOE Bldg Classification (2019)
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Food Service, DOE Bldg Classification (2019)
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Table 20: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Apartment, Healthcare, and
Lodging Building Types

Apartments Healthcare Lodging
Non-attainment Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Hlectricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual){ 2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual)[2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
Brazoria 6017397 6180765 5811 5969 324989 244179 610 460 0 0 0 0
Chambers 0 0 0 0 0 0 0 0 0 0 0 0
Collin 51921249 53330876 50140 51502 14949471 11232241 28081 21166 2600134 1755699 8050 5073
Dallas 107950683 110881471 104248 107078 41071927 30859270 77149 58151 12344070 8335136 38215 24082
Denton 27620457 28370333 26673 27397 4008192 3011543 7529 5675 11029120 7447237 34144 21517
El Paso 4477710 4599277 4324 4442 649977 488358 1221 920 0 0 0 0
Ellis 585586 601484 566 581 662014 497402 1244 937 0 0 0 0
Fort Bend 23409289 24044835 22606 23220 3580892 2690492 6726 5070 1351719 912727 4185 2637
Galveston 3129854 3214827 3023 3105 2292974 1722820 4307 3246 1386738 936373 4293 2705
Hardin 0 0 0 0 0 0 0 0 0 0 0 0
Harris 210051569 215754326 202847 208354 40870314 30707789 76770 57865 27421344 18515824 84892 53496
Jefferson 336207 345335 325 333 2377231 1786125 4465 3366 0 0 0 0
Johnson 1384203 1421783 1337 1373 9126761 6857364 17144 12922 0 0 0 0
Kaufman 1085353 1114819 1048 1077 0 0 0 0 822938 555676 2548 1605
Liberty 0 0 0 0 0 0 0 0 0 0 0 0
Montgomery 15758310 16186137 15218 15631 743261 558447 1396 1052 1420006 958836 4396 2770
Orange 0 0 0 0 0 0 0 0 0 0 0 0
Parker 0 0 0 0 123375 92698 232 175 1586344 1071154 4911 3095
Rockwall 7525784 7730104 7268 7465, 2747357 2064218 5161 3890 1873497 1265049 5800 3655
Tarrant 74888319 76921486 72320 74283 20180954 50453 38029 25740450 17380827 79688 50217
Waller 0 0 0] 0] 0 0 0 0 0] 0] 0 0
Wise 0 0 0 0 0 0 0 0 0 0 0 0

Apartments Healthcare Lodging
Affected Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)| 2013 (Annual)| 2007 (Annual)f 2013 (Annual)| 2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
Bastrop 0 0 0 0 150458 113046 283 213 0 0 0 0
Bexar 63197810 64913588 61030, 62687, 15319597 11510334 28776 21690 5816596 3927563 18007 11348
Caldwell 475536 488446 459 472] 0 0 0 0 0 o) 0 0
Comal 2463498 2530380 2379 2444 3207757 2410139 6025 4542 0 0| 0 0
Gregg 1060112 1088893 1024 1052 601831 452184 1130, 852 0 o) 0 0
Guadalupe 5340944 5485947 5158, 5298, 2347139 1763516 4409 3323 0 0| 0 0
Harrison 0] 0] 0] 0 1582814 1189243 2973 2241 0] 0 0 0
|Hays 9391581 9646556 9069 9316 0 0 0 0 963013 650259 2981 1879
Henderson 0 0 0 0 0 0 0 0 0 0 0 0
Hood 0 0 0 0 0 0 0 0 0 0 0 0
Hunt 0 0 0 0 0 0 0 0 0 0 0 0
Nueces 2354458 2418380 2274 2335 0 0 0 0 567302 383062 1756 1107
Rusk 0 0 0 0 0 0 0 0 0 0 0 0
San Patricio 0 0 0 0 1697162 1275158 3188 2403 0 0 0 0
Smith 767319 788151 741 761 1907803 1433422 3584 2701 0 0 0 0
Travis 146754815 150739109 141721 145569 22186484 16669749 41675 31412 21546968 14549245 66706 42036
Upshur 0 0 0 0 0 0 0 0 0 0 0 0
Victoria 0 0 0 0 0 0 0 0 0 0 0 0
Williamson 17689733 18169997 17083 17547 10787813 8105391 20264 15274 4986654 3367158 15438 9728
Wilson 0 0 0 0 0 0 0 0 0 0 0 0
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Table 21: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Apartment, Healthcare, and
Lodging Building Types (Continued)

Apartments Healthcare Lodging
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual){ 2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual)[2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
ANDERSON 0 0 0 0 0 0 0 0 0 0 0 0
ANDREWS 0 0 0 0 0 0 0 0 0 0 0 0
ANGELINA 0 0 0 0 0 0 0 0 0 0 0 0
ARANSAS 2877446 2955567 2779 2854 0 0 0 0 0 0 0 0
ARCHER 0 0 0 0 0 0 0 0 0 0 0 0
ATASCOSA 0 0 0 0 0 0 0 0 0 0 0 0
AUSTIN 0 0 0 0 0 0 0 0 0 0 0 0
BANDERA 0 0 0 0 0 0 0 0 0 0 0 0
BAYLOR 0 0 0 0 0 0 0 0 0 0 0 0
BEE 0 0 0 0 0 0 0 0 0 0 0 0
BELL 1009630 1037041 975 1001 0 0 0 0 105056 70937 325 205
BLANCO 0 0 0 0] 0 0 0 0 0 0] 0 0
BORDEN 0 0 0 0 0 0 0 0 0 0 0 0
BOSQUE 0 0 0] 0] 0 0 0 0 0] 0] 0 0
BRAZOS 2019261 2074082 1950, 2003, 0 0 0 0 0 0 0 0
BREWSTER 435151 446965 420 432] 0 0 0 0 0 0 0 0
BRISCOE 0 0 0 0 0 0 0 0 0 0 0 0
BROOKS 0 0 0 0 0 0 0 0 0 0 0 0
BROWN 0 0 0 o) 0 0 0 0 0 o) 0 0
BURLESON 0 0 0 0| 0 0 0 0 0 0| 0 0
BURNET 0 0 0 o) 105320 79132 198 149 906983 612426 2808 1769
CALHOUN 0 0 0] 0] 0 0 0 0 0] 0] 0 0
CALLAHAN 799627 821337 772] 793] 0 0 0] 0 o) o) 0 0
CAMERON 2910764 2989789 2811 2887, 1817528 1365594 3414 2573 1663385 1123174 5150 3245
CHEROKEE 0] 0] o) 1) 484474 364008 910 686 o) 1) 0 0
CHILDRESS 0 0| 0| 0| 0 0 0 0| 0| 0| 0 0
CLAY 0 o) o) 1) 0 0 0 o) o) 1) 0 0
COKE 0 0| 0| 0| 0 0 0 0| 0| 0| 0 0
COLEMAN 0 0 0 0 0] 0] 0 0 0 0 0] 0]
COLORADO 0| 0| 1) 0| 0 0 0| 0| 1) 0| 0 0
COMANCHE 0 0 0 0 0 0 0 0 0 0 0 0
CONCHO 0 0 0 0 0 0 0 0 0 0 0 0
COOKE 0 0 0 0 0 0 0 0 0 0 0 0
CORYELL 0 0 0 0 0 0 0 0 0 0 0 0
COTTLE 0 0 0 0 0 0 0 0 0 0 0 0
CRANE 0 0 0 0 0 0 0 0 0 0 0 0
CROCKETT 0 0 0 0 0 0 0 0 0 0 0 0
CROSBY 0 0 0 0 0 0 0 0 0 0 0 0
CULBERSON 0 0 0 0 0 0 0 0 0 0 0 0
DAWSON 807704 829633 780 801 0 0 0 0 0 0 0 0
DEWITT 0 0 0 0 0 0 0 0 0 0 0 0
DELTA 0 0 0 0] 0 0 0 0 0 0] 0 0
DICKENS 0 0 0 0 0 0 0 0 0 0 0 0
DIMMIT 0 0 0] 0] 0 0 0 0 0] 0] 0 0
DUVAL 0 0 0 0 0 0 0 0 0 0 0 0
EASTLAND 0 0 0] 0] 90275 67828 170 128 0] 0] 0 0
ECTOR 6189034 6357062 5977 6139 932837 700885 1752 1321 0 0 0 0
EDWARDS 0 0 0 0] 0 0 0 0 0 0] 0 0
ERATH 0 0 0 o) 0 0 0 0 0 o) 0 0
FALLS 0 0 0 0| 0 0 0 0 0 0] 0 0
FANNIN 0 0 0 0| 0 0 0 0 0 o) 0 0
FAYETTE 0 0 0] 0| 0 0 0 0 0] 0| 0 0
FISHER 0 0 o) 0| 0 0 0 0 o) 1) 0 0
FOARD 0 0] 0] 0] 0 0 0 0] 0| 0| 0 0
FRANKLIN 0] 0 o) 1) 0 0 0 o) o) 1) 0 0
FREESTONE 0 0| 0| [ 0 0 0 0| 0| 0| 0 0
FRIO o) o) 1) ) 0 0 o) o) 1) [ 0 0
GILLESPIE 0| 0| 0| 0| 0 0 0| 0| 0| 0| 0 0
GLASSCOCK o) 1) ) 0) 0 0 o) 1) 1) 0) 0 0
GOLIAD 0| 0| 0| 0) 0 o) 0| 1) 0| 0) 0 0|
GONZALES 0 0 0 0f 0] 0 0 0 0 0 0 0
GRAYSON 0 0 0 0 2819576 2118480 5296 3992 0 0 0 0
GRIMES 0 0 0 0 0 0 0 0 0 0 0 0
HALL 0 0 0 0 0 0 0 0 0 0 0 0
HAMILTON 0 0 0 0 0 0 0 0 0 0 0 0
HARDEMAN 0 0 0 0 0 0 0 0 0 0 0 0
HASKELL 0 0 0 0 0 0 0 0 0 0 0
HIDALGO 2245418 2306379 2168 2227 5025285 3775733 9439 7115 630335 425624 1951 1230
HILL 0 0 0 0 0 0 0 0 0 0 0 0
HOPKINS 0 0 0 0 0 0 0 0 0 0 0 0
HOUSTON 0 0 0 0 0 0 0 0 0 0 0 0
HOWARD 0 0 0 0] 0 0 0 0 0 0] 0 0
HUDSPETH 0 0 0 0 0 0 0 0 0 0 0 0
IRION 0 0 0 0] 0 0 0 0 0 0] 0 0
JACK 0 0 0 0 0 0 0 0 0 0 0 0
JACKSON 0 0 0] 0] 0 0 0 0 0] 0] 0 0
JEFF DAVIS 0 0 0 0 0 0 0 0 0 0 0 0
JIM HOGG 0 0] 0] 0] 0 0 0 0] 0] 0] 0 0
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Table 21: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Apartment, Healthcare, and
Lodging Building Types (Continued)

Other ERCOT Counties

Apart

ents

Healtl

hcare

Lodging

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

Hlectricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual){ 2007 (Annual)[2013 (Annual)| 2007 (Annual)| 2013 (Annual)[2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
JIM WELLS 0 0 0 0 0 0 0 0 0 0 0 0
JONES 0 0 0 0 0 0 0 0 0 0 0
KARNES 0 0 0 0 258787 194439 486 6 0 0 0 0
KENDALL 5139018 5278539 4963 5097 601831 452184 1130 852 0 0 0 0
KENEDY 0 0 0 0 0 0 0 0 0 0 0 0
KENT 0 0 0 0 0 0 0 0 0 0 0 0
KERR 131252 134815 127 130 0 0 0 0 0 0 0 0
KIMBLE 0 0 0 0 0 0 0 0 0 0 0 0
KING 0 0 0 0 0 0 0 0 0 0 0 0
KINNEY 0 0 0 0 0 0 0 0 0 0 0 0
KLEBERG 0 0 0 0 0 0 0 0 0 0 0 0
KNOX 0 0 0 0 0 0 0 0 0 0 0 0
LASALLE 0 0 0 0 0 0 0 0 0 0 0 0
LAMAR 0 0 0 0 0 0 0 0 0 0 0 0
LAMPASAS 0 0 0 0 0 0 0 0 0 0 0 0
LAVACA 0 0 0 0 0 0 0 0 0 0 0 0
LEE 0 0 0 0 0 0 0 0 0 0 0 0
LEON 0 0 0 0] 0 0 0 0 0 0 0 0
LIMESTONE 0 0 0 o) 54165 40697 102 7 0 o) 0 0
LIVE OAK 0 0 0 0] 0 0 0 0 0 0] 0 0
LLANO 0 0 0 o) 0 0 0 0 0 o) 0 0
LOVING 0 0 0| 0| 0 0 0 0 0] 0| 0 0
MADISON 0 0 o) 1) 0 0 0 0 o) 1) 0 0
MARTIN 0 0| 0| 0| 0 0 0 0 0| 0| 0 0
MASON 0 o) o) 1) 0 0 0 o) o) 1) 0 0
MATAGORDA 0 0| 0| 0| 0 0 0 0| 0| 0| 0 0
MAVERICK [ o) 1) [ 0 0 [ o) 1) 0| 0 0
MCCULLOCH 0| 0| 1) 0| 0 0 0| 0| 1) 0| 0
MCLENNAN 2675520, 2748159 2584] 2654 1296945| 974456 2436 1836 5536447 3738397 17140 10801
MCMULLEN 0| 0| 0| 0) 0 0 0| 0| 0| 0) 0 0
MEDINA 0 0 0 0 0 0 0 0 0 0 0 0
MENARD 0 0 0 0 0 0 0 0 0 0 0 0
MIDLAND 9217925 9468185 8902 9143 219668 165047 413 311 3792518 2560837 11741 7399
MILAM 0 0 0 0 0 0 0 0 0 0 0 0
MILLS 0 0 0 0 0 0 0 0 0 0 0 0
MITCHELL 0 0 0 0 0 0 0 0 0 0 0 0
MONTAGUE 0 0 0 0 0 0 0 0 0 0 0 0
MOTLEY 0 0 0 0 0 0 0 0 0 0 0 0
NACOGDOCHES 0 0 0 0 1035149 777756 1944 1466 0 0 0 0
NAVARRO 0 0 0 0 0 0 0 0 0 0 0 0
NOLAN 0 0 0 0 0 0 0 0 0 0 0 0
PALOPINTO 0 0 0 0 0 0 0 0 0 0 0 0
PECOS 0 0 0 0 0 0 0 0 731890 494197 2266 1428
POTTER 0 0 0 0 0 0 0 0 0 0 0 0
PRESIDIO 0 0 0 0 0 0 0 0 0 0 0 0
RAINS 0 0 0 0 0 0 0 0 0 0 0 0
REAGAN 0 0 0 0 0 0 0 0 0 0 0 0
REAL 0 0 0 0 0 0 0 0 0 0 0 0
RED RIVER 0 0 0 0| 0 0 0 0 0 0| 0 0
REEVES 228176 234371 220 226 4212814 3165285 7913 5965, 0 0] 0 0
REFUGIO 0 0 0 o) 0 0 0 0 o) 0 0
ROBERTSON 0 0 0] 0| 0 0 0 0 0] 0| 0 0
RUNNELS 0 0 0| 0| 0 0 0 0 o) 0| 0 0
SAN SABA 0 0 0| 0| 0 0 0 0 0] 0| 0 0
SCHLEICHER 0 o) o) 1) 0 0 0 o) o) 1) 0 0
SCURRY 0 0| 0| 0| 0 0 0 0| 0| 0| 0 0
SHACKELFORD 0 o) 1) 1) 0 0 0 o) 1) 0| 0 0
SOMERVELL 0| 0| 0| 0| 0 0| 0| 0| 0| 0 0
STARR 0 o) 1) 0| 129394 97219 243 183 1) 0| 0 0
STEPHENS 0| 0| 0| 0) 0 0 0| 0| 0| 0) 0 0
STERLING 0 0 0 0 0 0 0 0 0 0 0 0
STONEWALL 0 0 0 0 0 0 0 0 0 0 0 0
SUTTON 0 0 0 0 0 0 0 0 0 0 0 0
TAYLOR 0 0 0 0 589794 443140 1108 835 0 0 0 0
TERRELL 0 0 0 0 0 0 0 0 0 0 0 0
THROCKMORTON 0 0 0 0 0 0 0 0 0 0 0 0
TITUS 0 0 0 0 0 0 0 0 0 0 0 0
TOM GREEN 643135 660595 621 638 0 0 0 0 0 0 0 0
UPTON 0 0 0 0 0 0 0 0 0 0 0 0
UVALDE 0 0 0 0 5473649 4112610 10282 7750 0 0 0 0
VAL VERDE 0 0 0 0 0 0 0 0 0 0 0
VAN ZANDT 0 0 0 0 505538 379834 950 716 0 0 0 0
WARD 0 0 0 0 0 0 0 0 0 0 0 0
WASHINGT ON 0 0 0 0 809462 608187 1520 1146 0 0 0 0
WEBB 136300 140001 132 135 0 0 0 0 0 0 0 0
WHARTON 0 0 0 0 0 0 0 0 0 0 0 0
WICHITA 372554 382668 360 370] 0 0 0 0 0 0 0 0
WILBARGER 0 0 0 0 0 0 0 0 0 0 0 0
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Table 21: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Apartment, Healthcare, and
Lodging Building Types (Continued)

Other ERCOT Counties

Aparti

ents

Healtl

hcare

Lodging

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

Hlectricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

WILLACY

0

0

0

0

0

0

0

0

WINKLER

1064567

718832

3296

2077

WOOoD

YOUNG
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BAILEY

olololofo|o]o

0
0
0
0
0
0
0
0

olololoo|o]o

olo|oloo|o]o|e
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59

<Q

61

@
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ololololololololelololo|o]o]|olo|o]o|o]o|eo|o]a
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HEMPHILL

0]
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626274

1566

HOCKLEY

HUT CHINSON

olo

olo

olo
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=)

=)

=)

LAMB
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olololo|olol|ololololololo|olololololo|olo|o

ololololololololololololo|olololololo|olo|o

ololololololololololololo|olololololo|olo|o

olololofo|o|ololo|o|olo|o|o|o|olo|ofo|o|o|o

ololololo

olo

olo

olo

ololololololololololololo|olalololololololo]o|olololo|o|o

ololololololololelololelo|olalolololo|ololo]o|olo|o]o|o|o

olololofolol|ololo|o|olo|o|olol|ololo|o|o|o|o]o|olo|o]o|o|o

olololofolololololo|ololo|olololololo|oloolo|olo|olo|o|o

LUBBOCK

4236409

4351424

4091

4202

17022778

12790013

31975

24101

3183194

2149401

9855

NEWTON

OCHILTREE

OLDHAM

PANOLA

PARMER

POLK

olololofololololo|o

olololofololololo|o

olo|olofo|o|olo|o|o

RANDALL
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695!

5245

1173124,
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363!
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TERRY

olololelolololo]T]olo|o|o|o]o]olo]o]o

olololololololo]S|elo|ololo]o]olo]o]o
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TRINITY

297906

223831

560

422

TYLER

0

0]
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0

0

WHEELER

155483

159704

150

-
o
£

2407322

1808734

4522

3408

YOAKUM

0|

0|
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0

0
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Total

823475691

845832497

795230

816820

236639780

177798594

444501

335040

135888072

91756247

420685
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Table 21: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Office and Education

Building Types

Office Education
Non-attainment Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)] 2013 (Annual)| 2007 (Annual)[2013 (Annual)|[ 2007 (Annual){ 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
Brazoria 1677661 1728491 639 696 10720828 8736826 36581 12236
Chambers 0 0 0 0 0 0 0 0
Collin 23990668 24717544 9137 9957 20342554 16577951 69412 23218
Dallas 28057829 28907932 10686 11645 27445759 22366634 93649 31325
Denton 14685515 15130460 5593 6095 21098110 17193683 71990 24080
El Paso 660586 680601 252 274 15081780 12290739 51461 17213
Ellis 3617279 3726876 1378 1501 162604 132512 555 186
Fort Bend 5783546 5958777 2203 2400 8830715 7196499 30132 10079
Galveston 312070 321525 119 130 3981952 3245050 13587 4545
Hardin 55808 57499 21 23 0 0 0 0
Harris 46466544 47874399 17697 19285 40001684 32598953 136491 45655
Jefferson 168563 173671 64 70 0 0 0 0
Johnson 307514 316831 117 128 0 0 0 0
Kaufman 75170 77448 29 31 613737 500158 2094 700
Liberty 60364 62193 23 25 0 0 0 0
Montgomery 10021548 10325184 3817 4159 6178933 5035457 21083 7052
Orange 0 0 0 0 0 0 0 0
Parker 242595 249945 92 101 48903 39853 167 56
Rockwall 154896 159589 59 64 2952537 2406139 10074 3370
Tarrant 14474810 14913372 5513 6007 13877536 11309353 47352 15839
Waller 0 0 0 0 110032 89670 375 126
Wise 0 0 0 0 0 0 0 0

Office Education
Affected Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)[ 2007 (Annual)[ 2013 (Annual)
Bastrop 102505 105610 39 43 0 0 0 0
Bexar 21231013 21874275 8086 8811 25476179 20761545 86928 29077
Caldwell 0 0 0 0 0 0 0 0
Comal 1822307 1877519 694 756 7704716 6278878 26290 8794
Gregg 23918 24642 9 10 0 0 0 0
Guadalupe 1920256 1978436 731 797 325207 265024 1110 371
Harrison 0 0 0 0 184610 150446 630 211
Hays 1010241 1040850 385 419 3182383 2593450 10859 3632
Henderson 0 0 0 0 1516003 1235450 5173 1730
Hood 0 0 0 0 0 0 0 0
Hunt 0 0 0 0 0 0 0 0
Nueces 1676522 1727318 639 696 2487956 2027534 8489 2840
Rusk 0 0 0 0 0 0 0 0
San Patricio 2847354 2933624 1084 1182 2640779 2152075 9011 3014
Smith 0 0 0 0 537936 438386 1836 614
Travis 90462724 93203586 34453 37545 23363556 19039885 79720 26666
Upshur 0 0 0 0 1577132 1285267 5381 1800
Victoria 123006 126733 47 51 0 0 0 0
Williamson 2440752 2514703 930 1013 9012880 7344952 30753 10287
Wilson 0 0 0 0 496369 404510 1694 567
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Table 22: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Office and Education
Building Types (Continued)

Office Education
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)| 2013 (Annual) {2007 (Annual)[2013 (Annual)|2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
ANDERSON 0 0 0 0 0 0 0 0
ANDREWS 0 0 0 0 855808 697432 2920 977
ANGELINA 0 0 0 0 820353 668538 2799 936
ARANSAS 35307 36377 13 15 210284 171369 718 240
ARCHER 0 0 0 0 123481 100629 421 141
ATASCOSA 529608 545654 202 220 0 0 0 0
AUST IN 0 0 0 0 0 0 0 0
BANDERA 0 0 0 0 0 0 0 0
BAYLOR 0 0 0 0 0 0 0 0
BEE 0 0 0 0 0 0 0
BELL 179953 185405 69 75 12475234 10166561 42567 14238
BLANCO 0 0 0 0 0 0 0 0
BORDEN 0 0 0 0 0 0 0 0
BOSQUE 0 0 0 0 0 0 0 0
BRAZOS 561498 578511 214 233 1798419 1465603 6136 2053
BREWSTER 0 0 0 0 0 0 0 0
BRISCOE 0 0 0 0 0 0 0 0
BROOKS 0 0 0 0 0 0 0 0
BROWN 0 0 0 0 0 0 0 0
BURLESON 0 0 0 0 996405 812010 3400 1137
BURNET 0 0 0 0 528156 430415 1802 603
CALHOUN 0 0 0 0 0 0 0 0
CALLAHAN 0 0 0 0 0 0 0 0
CAMERON 843956 869526 321 350 1179792 961459 4026 1347
CHEROKEE 193620 199486 74 80 145487 118563 496 166
CHILDRESS 0 0 0 0 0 0 0 0
CLAY 0 0 0 0 0 0 0 0
COKE 0 0 0 0 0 0 0 0
COLEMAN 0 0 0 0 0 0 0 0
COLORADO 0 0 0 0 320317 261039 1093 366
COMANCHE 0 0 0 0 358217 291925 1222 409
CONCHO 0 0 0 0 0 0 0 0
COOKE 0 0 0 0 0 0 0 0
CORYELL 0 0 0 0 684646 557945 2336 781
COTTLE 0 0 0 0 0 0 0 0
CRANE 0 0 0 0 0 0 0 0
CROCKETT 0 0 0 0 0 0 0 0
CROSBY 0 0 0 0 0 0 0 0
CULBERSON 0 0 0 0 0 0 0
DAWSON 0 0 0 0 531823 433404 1815 607
DEWITT 0 0 0 0 276304 225171 943 315
DELTA 0 0 0 0 0 0 0 0
DICKENS 0 0 0 0 0 0 0 0
DIMMIT 0 0 0 0 0 0 0 0
DUVAL 0 0 0 0 0 0 0 0
EASTLAND 0 0 0 0 0 0 0 0
ECTOR 148062 152548 56 61 0 0 0 0
EDWARDS 0 0 0 0 0 0 0 0
ERATH 0 0 0 1677383 1366966 5723 1914
FALLS 46697 48111 18 19 0 0 0 0
FANNIN 509107 524532 194 211 0 0 0 0
FAYETTE 0 0 0 0 0 0 0 0
FISHER 0 0 0 0 0 0 0 0
FOARD 0 0 0 0 0 0 0 0
FRANKLIN 0 0 0 0 0 0 0 0
FREEST ONE 0 0 0 0 0 0 0 0
FRIO 0 0 0 0 0 0 0 0
GILLESPIE 0 0 0 0 0 0 0 0
GLASSCOCK 0 0 0 0 0 0 0 0
GOLIAD 0 0 0 0 0 0 0 0
GONZALES 0 0 0 0 0 0 0 0
GRAYSON 99088 102090 38 41 512262 417463 1748 585
GRIMES 0 0 0 0 440130 358679 1502 502
HALL 0 0 0 0 0 0 0 0
HAMILTON 0 0 0 0 0 0 0 0
HARDEMAN 0 0 0 0 73355 59780 250 84
HASKELL 0 0 0 0 0 0 0 0
HIDALGO 703866 725192 268 292 2322907 1893029 7926 2651
HILL 0 0 0 0 0 0 0 0
HOPKINS 17084 17602 7 7 0 0 0 0
HOUST ON 0 0 0 0 0 0 0 0
HOWARD 0 0 0 0 12226 9963 42 14
HUDSPETH 0 0 0 0 0 0 0 0
IRION 0 0 0 0 0 0 0 0
JACK 0 0 0 0 0 0 0 0
JACKSON 0 0 0 0 0 0 0 0
JEFF DAVIS 0 0 0 0 0 0 0 0
JIM HOGG 0 0 0 0 0 0 0 0
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Table 22: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Office and Education
Building Types (Continued)

Office Education
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)| 2013 (Annual) {2007 (Annual)[2013 (Annual)|2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
JIM WELLS 0 0 0 0 0 0
JONES 0 0 0 0 0 0 0 0
KARNES 0 0 0 0 0 0 0 0
KENDALL 0 0 0 0 0 0 0 0
KENEDY 0 0 0 0 0 0 0 0
KENT 0 0 0 0 0
KERR 44419 45765 17 18 2320462 1891036 7918 2648
KIMBLE 0 0 0 0 0 0 0
KING 0 0 0 0 0 0 0 0
KINNEY 0 0 0 0 0 0 0 0
KLEBERG 0 0 0 0 0 0 0 0
KNOX 0 0 0 0 0 0 0
LA SALLE 0 0 0 0 1359512 1107920 4639 1552
LAMAR 0 0 0 0 99029 80703 338 113
LAMPASAS 0 0 0 0 0 0 0 0
LAVACA 0 0 0 0 0 0 0 0
LEE 0 0 0 0 0 0 0 0
LEON 0 0 0 0 0 0 0 0
LIMESTONE 0 0 0 0 0 0 0
LIVE OAK 1708413 1760174 651 709 0 0 0 0
LLANO 0 0 0 0 0 0 0
LOVING 0 0 0 0 0 0 0 0
MADISON 0 0 0 0 0 0 0 0
MARTIN 0 0 0 0 1149228 936551 3921 1312
MASON 0 0 0 0 0 0 0 0
MAT AGORDA 0 0 0 0 2941534 2397172 10037 3357
MAVERICK 0 0 0 0 0 0 0 0
MCCULLOCH 0 0 0 0 80690 65758 275 92
MCLENNAN 506829 522185 193 210 938944 765182 3204 1072
MCMULLEN 0 0 0 0 0 0 0
MEDINA 0 0 0 0 0 0 0 0
MENARD 0 0 0 0 0 0 0 0
MIDLAND 2247132 2315216 856 933 100252 81699 342 114
MILAM 0 0 0 0 0 0 0 0
MILLS 0 0 0 0 0 0 0 0
MITCHELL 0 0 0 0 0 0 0 0
MONTAGUE 0 0 0 0 22006 17934 75 25
MOTLEY 0 0 0 0 0 0 0
NACOGDOCHES 239178 246424 91 99 1381518 1125854 4714 1577
NAVARRO 0 0 0 0 0 0 0 0
NOLAN 0 0 0 0 0 0 0 0
PALO PINTO 0 0 0 0 0 0 0 0
PECOS 0 0 0 0 0 0 0 0
POTTER 0 0 0 0 0 0 0 0
PRESIDIO 0 0 0 0 0 0 0 0
RAINS 0 0 0 0 0 0 0 0
REAGAN 0 0 0 0 0 0 0 0
REAL 0 0 0 0 0 0 0 0
RED RIVER 0 0 0 0 0 0 0 0
REEVES 11389 11734 4 5 0 0 0 0
REFUGIO 0 0 0 0 0 0 0 0
ROBERT SON 0 0 0 0 0 0 0 0
RUNNELS 0 0 0 0 0 0 0 0
SAN SABA 0 0 0 0 0 0 0 0
SCHLEICHER 0 0 0 0 0 0 0 0
SCURRY 0 0 0 0 55016 44835 188 63
SHACKELFORD 4556 4694 2 2 0 0 0 0
SOMERVELL 0 0 0 0 0 0 0 0
STARR 0 0 0 0 183387 149450 626 209
STEPHENS 0 0 0 0 0 0 0 0
STERLING 0 0 0 0 0 0 0 0
STONEWALL 0 0 0 0 0 0 0 0
SUTTON 0 0 0 0 0 0 0 0
TAYLOR 1012519 1043197 386 420 2322907 1893029 7926 2651
TERRELL 0 0 0 0 0 0 0
THROCKMORT ON 0 0 0 0 0 0 0 0
TITUS 0 0 0 0 0 0 0 0
TOM GREEN 0 0 0 0 975621 795072 3329 1114
UPTON 0 0 0 0 0 0 0 0
UVALDE 0 0 0 0 0 0 0 0
VAL VERDE 0 0 0 0 0 0 0 0
VAN ZANDT 0 0 0 0 18339 14945 63 21
WARD 0 0 0 0 0 0 0 0
WASHINGT ON 0 0 0 0 102697 83692 350 117
WEBB 287013 295709 109 119 1736067 1414790 5924 1981
WHARTON 0 0 0 0 0 0 0 0
WICHITA 0 0 0 0 111255 90666 380 127
WILBARGER 0 0 0 0 0 0 0 0
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Table 22: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Office and Education
Building Types (Continued)

Office Education
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)| 2013 (Annual)| 2007 (Annual)[2013 (Annual)|[ 2007 (Annual){ 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
WILLACY 0 0 0 0 0 0 0 0
WINKLER 0 0 0 0 0 0 0 0
WOOD 0 0 0 0 0 0 0 0
YOUNG 0 0 0 0 0 0 0 0
ZAPATA 0 0 0 0 0 0 0 0
ZAVALA 0 0 0 0 0 0 0 0
ARMST RONG 0 0 0 0 0 0 0 0
BAILEY 0 0 0 0 0 0 0 0
BOWIE 0 0 0 0 903489 736289 3083 1031
CAMP 0 0 0 0 0 0 0 0
CARSON 0 0 0 0 0 0 0 0
CASS 0 0 0 0 0 0 0 0
CAST RO 0 0 0 0 0 0 0 0
COCHRAN 0 0 0 0 0 0 0 0
COLLINGSWORTH 0 0 0 0 0 0 0 0
DALLAM 0 0 0 0 0 0 0 0
DEAF SMITH 0 0 0 0 0 0 0 0
DONLEY 0 0 0 0 0 0 0 0
FLOYD 0 0 0 0 0 0 0 0
GAINES 33029 34030 13 14 0 0 0 0
GARZA 0 0 0 0 0 0 0 0
GRAY 0 0 0 0 0 0 0 0
HALE 0 0 0 0 0 0 0 0
HANSFORD 0 0 0 0 0 0 0 0
HARTLEY 0 0 0 0 0 0 0 0
HEMPHILL 0 0 0 0 0 0 0 0
HOCKLEY 0 0 0 0 74578 60776 254 85
HUT CHINSON 0 0 0 0 0 0 0 0
JASPER 0 0 0 0 0 0 0 0
LAMB 0 0 0 0 0 0 0 0
LIPSCOMB 0 0 0 0 0 0 0 0
LUBBOCK 289291 298056 110 120 777563 633666 2653 887
LYNN 0 0 0 0 0 0 0 0
MARION 0 0 0 0 122258 99633 417 140
MOORE 0 0 0 0 0 0 0 0
MORRIS 0 0 0 0 0 0 0 0
NEWTON 0 0 0 0 855808 697432 2920 977
OCHILTREE 0 0 0 0 0 0 0 0
OLDHAM 0 0 0 0 0 0 0 0
PANOLA 0 0 0 0 0 0 0 0
PARMER 0 0 0 0 141820 115574 484 162
POLK 0 0 0 0 0 0 0 0
RANDALL 0 0 0 0 839914 684479 2866 959
ROBERT S 0 0 0 0 2023374 1648928 6904 2309
SABINE 0 0 0 0 0 0 0 0
SAN AUGUST INE 0 0 0 0 0 0 0 0
SAN JACINTO 0 0 0 0 0 0 0 0
SHELBY 0 0 0 0 0 0 0 0
SHERMAN 0 0 0 0 0 0 0 0
SWISHER 0 0 0 0 0 0 0 0
TERRY 0 0 0 0 0 0 0 0
TRINITY 0 0 0 0 50126 40850 171 57
TYLER 0 0 0 0 0 0 0 0
WALKER 0 0 0 0 18339 14945 63 21
WHEELER 1212973 1249724 462 503 0 0 0 0
YOAKUM 0 0 0 0 0 0 0 0
Total 284402859 293019768 108316 118035 293710826 239356558 1002182 335223
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Table 22: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Retail and Food Service
Building Types

Retail Food Service
Non-attainment Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)] 2013 (Annual)| 2007 (Annual)[2013 (Annual)|[ 2007 (Annual){ 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
Brazoria 2179540 1648681 2164 1649 2314405 2355121 10266 10494
Chambers 35711 27013 35 27 37920 38587 168 172
Collin 13037960 9862375 12943 9863 13844718 14088277 61408 62773
Dallas 9904945 7492451 9833 7493 10517840 10702872 46652 47689
Denton 3830563 2897573 3803 2898 4067589 4139147 18042 18443
El Paso 1583172 1197568 1572 1198 1681135 1710710 7457 7622
Ellis 316634 239514 314 240 336227 342142 1491 1524
Fort Bend 6420776 4856902 6374 4857 6818078 6938023 30242 30914
Galveston 1486754 1124633 1476 1125 1578750 1606524 7003 7158
Hardin 0 0 0 0 0 0 0 0
Harris 35567812 26904752 35309 26906 37768665 38433097 167523 171247
Jefferson 179744 135964 178 136 190866 194223 847 865
Johnson 563038 425902 559 426 597877 608395 2652 2711
Kaufman 2102167 1590154 2087 1590 2232244 2271514 9901 10121
Liberty 0 0 0 0 0 0 0 0
Montgomery 4431692 3352289 4399 3352 4705915 4788702 20873 21337
Orange 0 0 0 0 0 0 0 0
Parker 232119 175583 230 176 246482 250818 1093 1118
Rockwall 888005 671718 882 672 942953 959541 4182 4275
Tarrant 7898007 5974332 7841 5975 8386717 8534257 37199 38026
Waller 44043 33316 44 33 46768 47591 207 212
Wise 90467 68432 90 68 96065 97755 426 436

Retail Food Service
Affected Counties Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE Electricity (kWh/yr), DOE Gas (mBtu/yr), DOE

2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)[ 2007 (Annual)[ 2013 (Annual)
Bastrop 0 0 0 0 0 0 0 0
Bexar 9964463 7537473 9892 7538 10581041 10767184 46932 47976
Caldwell 0 0 0 0 0 0 0 0
Comal 317825 240414 316 240 337491 343428 1497 1530
Gregg 192838 145869 191 146 204770 208372 908 928
Guadalupe 401150 303444 398 303 425972 433466 1889 1931
Harrison 46424 35117 46 35 49296 50164 219 224
Hays 690406 522248 685 522 733127 746024 3252 3324
Henderson 46424 35117 46 35 49296 50164 219 224
Hood 0 0 0 0 0 0 0 0
Hunt 0 0 0 0 0 0 0 0
Nueces 195218 147670 194 148 207298 210945 919 940
Rusk 0 0 0 0 0 0 0 0
San Patricio 67850 51324 67 51 72049 73316 320 327
Smith 264259 199895 262 200 280611 285547 1245 1272
Travis 5185187 3922259 5147 3922 5506034 5602897 24422 24965
Upshur 0 0 0 0 0 0 0 0
Victoria 0 0 0 0 0 0 0 0
Williamson 7921814 5992340 7864 5993 8411997 8559982 37311 38141
Wilson 0 0 0 0 0 0 0 0
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Table 23: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Retail and Food Service
Building Types (Continued)

Retail Food Service
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)| 2013 (Annual) {2007 (Annual)[2013 (Annual)|2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
ANDERSON 85706 64831 85 65 91009 92610 404 413
ANDREWS 0 0 0 0 0 0 0 0
ANGELINA 0 0 0 0 0 0 0 0
ARANSAS 0 0 0 0 0 0 0 0
ARCHER 104751 79238 104 79 111233 113190 493 504
ATASCOSA 83325 63030 83 63 88481 90037 392 401
AUST IN 0 0 0 0 0 0 0 0
BANDERA 0 0 0 0 0 0 0 0
BAYLOR 0 0 0 0 0 0 0 0
BEE 0 0 0 0 0 0 0 0
BELL 1360576 1029188 1351 1029 1444765 1470182 6408 6551
BLANCO 0 0 0 0 0 0 0 0
BORDEN 0 0 0 0 0 0 0 0
BOSQUE 0 0 0 0 0 0 0 0
BRAZOS 419005 316950 416 317 444932 452759 1973 2017
BREWSTER 0 0 0 0 0 0 0 0
BRISCOE 0 0 0 0 0 0 0 0
BROOKS 0 0 0 0 0 0 0 0
BROWN 0 0 0 0 0 0 0 0
BURLESON 0 0 0 0 0 0 0 0
BURNET 58327 44121 58 44 61937 63026 275 281
CALHOUN 0 0 0 0 0 0 0 0
CALLAHAN 0 0 0 0 0 0 0 0
CAMERON 411863 311548 409 312 437348 445042 1940 1983
CHEROKEE 88086 66632 87 67 93537 95182 415 424
CHILDRESS 0 0 0 0 0 0 0 0
CLAY 0 0 0 0 0 0 0 0
COKE 0 0 0 0 0 0 0 0
COLEMAN 0 0 0 0 0 0 0 0
COLORADO 0 0 0 0 0 0 0 0
COMANCHE 0 0 0 0 0 0 0 0
CONCHO 0 0 0 0 0 0 0
COOKE 48805 36917 48 37 51824 52736 230 235
CORYELL 0 0 0 0 0 0 0 0
COTTLE 0 0 0 0 0 0 0 0
CRANE 0 0 0 0 0 0 0 0
CROCKETT 0 0 0 0 0 0 0 0
CROSBY 0 0 0 0 0 0 0 0
CULBERSON 0 0 0 0 0 0 0 0
DAWSON 0 0 0 0 0 0 0 0
DEWITT 0 0 0 0 0 0 0 0
DELTA 0 0 0 0 0 0 0 0
DICKENS 0 0 0 0 0 0 0 0
DIMMIT 0 0 0 0 0 0 0 0
DUVAL 0 0 0 0 0 0 0 0
EASTLAND 0 0 0 0 0 0 0 0
ECTOR 1943850 1470397 1930 1470 2064131 2100443 9155 9359
EDWARDS 0 0 0 0 0 0 0 0
ERATH 0 0 0 0 0 0 0 0
FALLS 83325 63030 83 63 88481 90037 392 401
FANNIN 0 0 0 0 0 0 0 0
FAYETTE 0 0 0 0 0 0 0 0
FISHER 0 0 0 0 0 0 0 0
FOARD 0 0 0 0 0 0 0 0
FRANKLIN 0 0 0 0 0 0 0 0
FREEST ONE 0 0 0 0 0 0 0 0
FRIO 0 0 0 0 0 0 0 0
GILLESPIE 55947 42320 56 42 59409 60454 264 269
GLASSCOCK 0 0 0 0 0 0 0 0
GOLIAD 0 0 0 0 0 0 0 0
GONZALES 0 0 0 0 0 0 0 0
GRAYSON 886815 670818 880 671 941689 958255 4177 4270
GRIMES 0 0 0 0 0 0 0 0
HALL 0 0 0 0 0 0 0 0
HAMILTON 0 0 0 0 0 0 0 0
HARDEMAN 0 0 0 0 0 0 0 0
HASKELL 0 0 0 0 0 0 0 0
HIDALGO 1539129 1164252 1528 1164 1634367 1663119 7249 7410
HILL 0 0 0 0 0 0 0 0
HOPKINS 0 0 0 0 0 0 0 0
HOUST ON 0 0 0 0 0 0 0 0
HOWARD 64279 48623 64 49 68257 69457 303 309
HUDSPETH 0 0 0 0 0 0 0 0
IRION 0 0 0 0 0 0 0 0
JACK 0 0 0 0 0 0 0 0
JACKSON 0 0 0 0 0 0 0 0
JEFF DAVIS 0 0 0 0 0 0 0 0
JIM HOGG 0 0 0 0 0 0 0 0
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Table 23: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Retail and Food Service
Building Types (Continued)

Retail Food Service
Other ERCOT Counties Electricity (kWh/yr), DOE Gas (mBtulyr), DOE Electricity (kWh/yr), DOE Gas (mBtulyr), DOE

2007 (Annual)| 2013 (Annual) {2007 (Annual)[2013 (Annual)|2007 (Annual)| 2013 (Annual)| 2007 (Annual)| 2013 (Annual)
JIM WELLS 0 0 0 0 0 0 0 0
JONES 0 0 0 0 0 0 0 0
KARNES 0 0 0 0 0 0 0 0
KENDALL 108322 81939 108 82 115025 117049 510 522
KENEDY 0 0 0 0 0 0 0 0
KENT 0 0 0 0 0 0 0 0
KERR 1916472 1449687 1903 1450 2035059 2070860 9027 9227
KIMBLE 0 0 0 0 0 0 0 0
KING 0 0 0 0 0 0 0 0
KINNEY 0 0 0 0 0 0 0 0
KLEBERG 0 0 0 0 0 0 0 0
KNOX 0 0 0 0 0 0 0 0
LA SALLE 0 0 0 0 0 0 0 0
LAMAR 159508 120657 158 121 169378 172357 751 768
LAMPASAS 0 0 0 0 0 0 0 0
LAVACA 83325 63030 83 63 88481 90037 392 401
LEE 0 0 0 0 0 0 0 0
LEON 85706 64831 85 65 91009 92610 404 413
LIMEST ONE 0 0 0 0 0 0 0 0
LIVE OAK 0 0 0 0 0 0 0 0
LLANO 0 0 0 0 0 0 0 0
LOVING 0 0 0 0 0 0 0 0
MADISON 0 0 0 0 0 0 0 0
MARTIN 0 0 0 0 0 0 0 0
MASON 0 0 0 0 0 0 0 0
MATAGORDA 111893 84640 111 85 118817 120907 527 539
MAVERICK 84515 63930 84 64 89745 91324 398 407
MCCULLOCH 0 0 0 0 0 0 0 0
MCLENNAN 895147 677121 889 677 950537 967259 4216 4310
MCMULLEN 39282 29714 39 30 41712 42446 185 189
MEDINA 326157 246717 324 247 346339 352432 1536 1570
MENARD 0 0 0 0 0 0 0 0
MIDLAND 1012992 766263 1006 766 1075674 1094597 4771 4877
MILAM 83325 63030 83 63 88481 90037 392 401
MILLS 0 0 0 0 0 0 0 0
MITCHELL 0 0 0 0 0 0 0 0
MONTAGUE 85706 64831 85 65 91009 92610 404 413
MOTLEY 0 0 0 0 0 0 0 0
NACOGDOCHES 0 0 0 0 0 0 0 0
NAVARRO 152365 115255 151 115 161793 164640 718 734
NOLAN 0 0 0 0 0 0 0 0
PALOPINTO 0 0 0 0 0 0 0 0
PECOS 0 0 0 0 0 0 0 0
POTTER 0 0 0 0 0 0 0 0
PRESIDIO 0 0 0 0 0 0 0 0
RAINS 0 0 0 0 0 0 0 0
REAGAN 0 0 0 0 0 0 0 0
REAL 0 0 0 0 0 0 0 0
RED RIVER 0 0 0 0 0 0 0 0
REEVES 0 0 0 0 0 0 0 0
REFUGIO 0 0 0 0 0 0 0 0
ROBERT SON 0 0 0 0 0 0 0 0
RUNNELS 0 0 0 0 0 0 0 0
SAN SABA 0 0 0 0 0 0 0 0
SCHLEICHER 0 0 0 0 0 0 0 0
SCURRY 0 0 0 0 0 0 0 0
SHACKELFORD 0 0 0 0 0 0 0 0
SOMERVELL 76183 57627 76 58 80897 82320 359 367
STARR 0 0 0 0 0 0 0
STEPHENS 0 0 0 0 0 0 0 0
STERLING 0 0 0 0 0 0 0 0
STONEWALL 0 0 0 0 0 0 0 0
SUTTON 0 0 0 0 0 0 0 0
TAYLOR 39282 29714 39 30 41712 42446 185 189
TERRELL 0 0 0 0 0 0 0 0
THROCKMORT ON 0 0 0 0 0 0 0
TITUS 0 0 0 0 0 0 0 0
TOM GREEN 29759 22511 30 23 31600 32156 140 143
UPTON 0 0 0 0 0 0 0 0
UVALDE 0 0 0 0 0 0 0 0
VAL VERDE 0 0 0 0 0 0 0 0
VAN ZANDT 0 0 0 0 0 0 0 0
WARD 84515 63930 84 64 89745 91324 398 407
WASHINGT ON 0 0 0 0 0 0 0 0
WEBB 408292 308846 405 309 433556 441183 1923 1966
WHARTON 0 0 0 0 0 0 0 0
WICHITA 48805 36917 48 37 51824 52736 230 235
WILBARGER 0 0 0 0 0 0 0 0
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Table 23: Energy Use of ASHRAE Standard 90.1-2007 and 90.1-2013 Code-Compliant Retail and Food Service
Building Types (Continued)

Retail

Food Service

Other ERCOT Counties

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

Electricity (kWh/yr), DOE

Gas (mBtu/yr), DOE

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

2007 (Annual)

2013 (Annual)

WILLACY

0

0

0

0

0

0

0

0

WINKLER

224977

170181

223

170

238898

243101

1060

1083

WOOD

90467

68432
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o

=]
@

96065

97755

426

436

YOUNG

ZAPATA

ZAVALA

ARMST RONG

BAILEY

BOWIE

CAMP

CARSON

CASS

CASTRO

COCHRAN

COLLINGSWORTH
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Table 23: Annual Electricity and Natural Gas Savings from New Commercial Construction

Apartments Healthcare Lodging Office Education Retail Food Service Total Total*1.07 (T&D loss) for eGrid
Counties
KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr KWhiyr MBtulyr MWh/yr Therm/yr

N Counties

(sauare feet in thousands)

BRAZORIA 163368 158] 80809 150 0 0 50830 57| -1984002]  24345] 530859 515 40715 228] 2340756 4567 2505, 262866
CHAMBERS 0 0 0 0 0 0 0 0 _0| 0 8698 8| 667 4 8031 5 9 50|
COLLIN 1409627 1361 -3717231 -6915 -844435) -2977 726875 820 -3764603' -46194| -3175586 -3080 243558 1365 -9121794[ -55620 9760' 595137
DALLAS 2930788 2830 -10212657 -18998| -4008934| -14133 850103 959 75079125| -62324| -2412494 -2340 185031 1037

DENTON 749877 724] 996649 -1854] -3581883|  -12628| 444945 3004426 __-47910] 932990 401

EL PASO 121567 117 -161619 -301 0 0 20015 -2791042 -34248 -385605 166

ELLIS 15898 15 -164612 -306 0| ﬂl 109597 -30091 -369 -77121 - 33 7140414| 78 |

FORT BEND 635546 614 -890399 -1656 -438993| -1548 175231 lgﬂ -1634216 -20053| -1563874 -1517 11994£| 672 -3596760 3290

GALVESTON 84973 82] 570155 ~1061] 450365 1588 9455 11| 736902 -0042| 362121 351 27774 156 -1997341] 1793] 1
HARDIN 0 0 0 0 0 0 1691 2 0 0 0 0 Dl 0 lGQlI 2 -2] -20
HARRIS 5702758 5507| -10162525 -18905| -8905520 -31396 1407855 1588| -7402731 -90836| -8663060 -8404 654432' 3724 727358792| -138721 29274 1484319
JEFFERSON 9128 9| 591106 -1100 0 0 5107 6 0 o 3179 42 3358 19| 617292 661 11863
JOHNSON 37580 36| -2269396 -4222 0 0 9317 11 0 0 -137136 -133 10518 59 -2349117 2514 45464
KAUFMAN 29467 28 0 0 -267262)] -942 2278 3 -113578 -1394 -512014 -497 39270 220 rSZlHAOl 879 27622
LIBERTY. 0 0 0 0 0 0 1829 2 0 0 0 0 0 0 1829| 2 22|
MONTGOMERY 427827 413 -184814 -344 -461170) -1626 303635 342 -1143476) -14031 -1079403 -1047 82787 464| -2054613| 2198] 169362
ORANGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PARKER 0 0 -30678 -57 -515191 riBlGl 7350 8 -9050 -111 -56536 -55 4336 24 -599768| 642 Zl471|
ROCKWALL 204320 197] 683138 “1271] 608448 2145 4693 5| 546398 6705 216287 -210) 16589 93] 1828670 1957 107372
TARRANT 2033167 1963 -66787Aﬂ -12424| -8359623 -29471 438561 495 2568 E‘ -31513 -1923675 -1866 147540 827| -16910956 18095 77(@'
WALLER 0 _0| of 0 0 of 0 0 20363 -250 -10727 -10| 823 5 -30267| 32 2736
WISE 0 of of 0 o] of 0 o] o] 0 -22035 21 1690 9 -20345) 22| 127]
Affected Coul | | |

(square feet in thousands) |
|BASTROP 0 o a7z 70 of 0 3106 0 0 3 707
IB_EXAR 1715778 1657 -3809263 -7086[ -1889033 -6660 643263 -57851] -2426991 -2354 186143 1043 11015 754627
CALDWELL 12910 12 0 0 0 0 0 0 0 0 0 0 12910' 12| -14 -133
COMAL 66882 65 -797618 -1484 0 0 55213 -17496 -77411 -75] 5937 33

GREGG 28781 28 49647 -278 0 0 725 0 -46968 -46| 3602 20

GUADALUPE 145003 140) 83623 ~1086 0 0 58180 738]___-97706 95 7494) 72

HARRISON 0 o] -393572 732 0 0 0 -419 -11307 11 867 5

HAYS 254975 2@ 0 0 -312754] -1103 30609 -7227 -168158 -163 12897 72

HENDERSON 0 0 0 0 0 0 -3443 -11307 -11 867 5

HOOD 0 0 0 0 0 0 0 0 0 0 0 0 0

HUNT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|
NUECES 63922 62 0 0 -184240 -650 50796 57 -460422 -5650 -47548 -46| 3647 20 -573846) 6206 614 E-BAE[
RUSK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SAN PATRICIO 0 o| 422004 785 0 0 86270 97| _-488704] 5997] 16526 16 1267 7] _-839697] 6693 898 71619
SMITH 20832 20 -474381 -882 0 0 0 0 -99551 -1222 -64364 -62 4937 28 »612527[ -2119 653' 22670
TRAVIS 3984294 3848| -5516735 -10263| -6997722 -24670 2740862 3091| -4323671 -53054| -1262928 -1225 96863 543| -11279038 -81730 12069 874509
UPSHUR 0 0 0 0 0 0 0 0 -291865 -3581 0 0 0 0 -291865) -3581 312 38320
VICTORIA 0 0 0 0 0 0 3727 4 0 0 0 0 0 0 3727 4 4

(WILLIAMSON 480264 464 -2682422 -4990| -1619496 -5709 73951 83| -1667928 -20466] -1929473 -1872 147985 829| -7197119 -31661 7701 338773
[WILSON 0 0 0 0 0 0 0 0 -91858 -1127 0 0 0 0 -91858 -1127 98 12061

Note: A decrease in energy use is negative (i.e., savings); an increase in energy use is positive (i.e., more consumption)
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Table 24: Annual Electricity and Natural Gas Savings from New Commercial Construction (Continued)

‘Apartments Healthcare Lodging Office Education Retail Food Service Total Total*1.07 (T&D loss) for eGrid
Counties
kWhiyr | MBtwyr | kwhiyr | mBtuyr | kwhyr | mBtuyr | kwhyr | mBtuyr | kwhiyr | MBtwyr | kwhiyr | MBtwyr | kwhiyr | MBtuyr | kwhyr | mBtuyr MWhiyr Thermlyr
Other ERCOT Counties
(square feet in thousands)
ANDERSON 0 0 0 0 0 0 0 0 0 0 20875 -20) 1601 9 19274 11 21] 121]
ANDREWS 0 0 0 0 0 0 0 o] 158376 1043 0 0 0 0] 158376 1943 169 20794
ANGELINA 0 0 0 0 0 0 0 o| 151815 -1863 0 0 0 o] 151815 -1863 162 19933
78121 75) 0 0 0 0 1070 1| 38915 -478 0 0 0 40275 -401 -43) 4289
0 0 0 0 0 0 0 o 22851 -280 25514 25, 1057 11 -46408| 294 50 3148]
0 0 0 0 0 0 16046 18| 0 20295 20 1557 9 -2692) 7 3 76
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27411 26 0 o] 34119 -120 5452 6| -2308673 -28329| 331388 301 25417 142| 2615900 28595 2799 305972
0 ﬁ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 of 0 0 0) 0 0 0) 0| 0 0 0| 0 0 of 0| 0| 0)
0 of 0 0 0| 0 0 0 0| 0 0 0| 0 0 of 0| 0| 0)
54822 53] 0 0 0 0 17012 19| 332816 -4084] _ -102055 -99) 7827 44355210 -4067 380) 43515
11814 11 0 0 0 0 0 0 0 0 0 0 0 11814] 11 13 122
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0| 0 [ 0| 0 [ 0| 0| [ 0 0| 0 [ 0| 0| 0| 0|
0 0 0 0 0 0 0 o] 184305 2263 0 0 0 o] 184395 2263 197 24210
0 o] 26188 -49] 204557 -1038 0 o -o77a1 1199 -14206 14 1090 6] 431603 -2294) 462 24548
0 0 0 0 0 0 0 0 0 0 0 0 0
CALLAHAN 21709 21 0 0 0 0 0 0 0 0 0 0 0 0 21709 21 23| 224
CAMERON 79025 76| -451934 -841] 540211 1004 25570 29| 218333 -2679] 100315 o7 7694 43| 1198503 5373 1282] 57494)
CHEROKEE 0 0| 120466 224 0 0 5866 7| 26924 -330 -21455 21 1646 o] 161333 -559 173 5986
CHILDRESS 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0| 0| 0|
CLAY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLEMAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLORADO 0 0 0 0 0 0 0 o 59278 727 0 0 0 0 -59278) 727 63 7783
COMANCHE 0 0 0 0 0 0 0 o 66292 813 0 0 0 0 -66202) -813 7ﬂ Buﬁi
CONCHO 0 0| 0 0 0| 0 0 0) 0| 0 0 0) 0 0 0) 0| of of
COOKE 0 0 0 0 0 0 0 0 0 -11887 12 912 5| -10075 -6 12| 69
CORYELL 0 0 0 0 0 0 0 o 126701 1555 0 0 0 o 126701 1555 136] umzl
COTTLE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CRANE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CROCKETT 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0| 0| 0| 0|
CROSBY’ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CULBERSON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DAWSON 21929 21 0 0 0 0 0 o 98420 -1208 0 0 0 o] 76491 -1186 82 12695]
DEWITT 0 0| 0 [ 0| 0 [ o] 51133 627 0 0 0 0 -51133| -627 5j 6714]
DELTA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DICKENS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DIMMIT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUVAL 0 0| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EASTLAND 0 o 22447 42 0 0 0 0 0 0 0 0 0 0 22447 42 24) 447
ECTOR 168028 162|  -231953 -431 0 0 4486 5 0 o] 473453 -459 36313 204 496579 -520 531 5563]
EDWARDS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ERATH 0 0 0 0 0 0 0 o 310417 3809 0 0 0 o 310417 3809 332 40756
FALLS 0 0 0 0 0 0 1415 2 0 0 20205 20 1557 9 -17324) -9 19| 100
FANNIN 0 0 0 0 0 0 15425 17] 0 0 0 0 0 0 15425] 17 17 -186
FAYETTE 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0| 0| 0| 0|
FISHER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FOARD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FRANKLIN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FREEST ONE 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0| 0| 0| 0|
FRIO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GILLESPIE 0 0 0 0 0 0 0 0 0 0 -13627 13 1045 6] 12582 7 13] 79
GLASSCOCK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GOLIAD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GONZALES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GRAYSON 0 0| 70109 -1304 0 0 3002 3| 94799 -1163] 215097 -210 16566 93] -992324] 2581 1062 27614
GRIMES 0 0 0 0 0 0 0 o s1as1 999 0 0 0 0 -81451] -999 87 10694]
HALL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HAMILTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HARDEMAN 0 0 0 0 0 0 0 o] 13575 167 0 0 0 o] 13575 167 15| 1782
HASKELL 0 0 0 0 0 0 0 0 0 0 0| 0 [ 0| 0| —01
HIDALGO 60962 59| 1249552 2325 204712 722 21326 24| -420878 -5275| 374817 364 28752 161] -2147980) 8441 2298 90313[
HILL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HOPKINS 0 0 0 0 0 0 518 1 0 0 0 0 0 0 518 1 1 5|
HOUSTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|
HOWARD 0 0 0 0 0 0 0 0 2263 28 -15656 15 1201 7 -16718] 36 18| 388]
HUDSPETH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IRION 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0| 0| 0| 0|
JACK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JACKSON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JEFF DAVIS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JIM HOGG 0 0 0 0 0 0 0 0 0 0 0 0| 0 [ 0| 0| 0| 0|
JIM WELLS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JONES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KARNES 0 o 6438 -120 0 0 0 0 0 0 0 0 0 o] 64348 -120 69) 1281
KENDALL 139521 135]  -149647 278 0| 0 [ 0 0 0 -26383 -26) 2024 11 -34486) -158 37 1690)
KENEDY' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KENT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KERR 3563 3 0 0 0 0 1346 2| 429426 5260|  -466785 -453 35801 201]-855500) 5517 915 59027
KIMBLE 0 0| [ [ 0| 0 [ 0| 0| [ 0 0| 0 0 0 0 0 0
KING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KINNEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KLEBERG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KNOX 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LASALLE 0 0 0 0 0 0 0 o] 251502 -3087 0 0 0 o] 251502 3087 269 33033
LAMAR 0 0 0 0 0 0 0 o] 18326 225 -38850 -38 2980 17| -54197] -246 58 2631]
LAMPASAS 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0| 0| 0| 0|
LAVACA 0 0 0 0 0 0 0 0 0 0 20205 20 1557 9 -18738 11 20 117
LEE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ﬁ 0 0 0
LEON 0 0 0 0 0 0 0 0 0 0 -20875 -20 1601 o] 19274 11 21 121
LIMEST ONE 0 o 13468 25 0 0 0 0 0 0 0 0 0 0 -13468) 25 1 268
LIVE OAK 0 0 0 0 0 0 51762 58] 0 0 0 0 0 0 51762 58 55, 625,
LLANO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LOVING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|
MADISON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|
MART IN 0 0 0 0 0 0 0 o] 212677 2610 0 0 0 o 212677 2610 228 27923
MASON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MATAGORDA 0 0 0 0 0 0 0 o] -544362 -6680 27253 26 2090 12| -569525] 6694 609 716@1|
MAVERICK 0 0 0 0 0 0 0 0 0 0 20585 -20) 1579 9 9006] 11 20 119
MCCULLOCH 0 0 0 0 0 0 0 o 14933 -183 0 of 0 0 933 83 16| 1961

Note: A decrease in energy use is negative (i.e., savings); an increase in energy use is positive (i.e., more consumption)
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Table 24: Annual Electricity and Natural Gas Savings from New Commercial Construction (Continued)

[ ‘Apartments Healthcare Lodging Office Education Retail Food Service Total Total*1.07 (T&D loss) for eGrid
Counties
kwhiyr | MBtwyr | kwhiyr | mBtuyr | kwhyr | MmBtuyr | kwhyr | MBtuyr | kwhiyr | MBtwyr | kwhiyr | MBtwyr | kwhiyr | MBruyr | kwhyr | mBtuyr MWhiyr Thermiyr
Other ERCOT and Texas Counties
(square feet in thousands)
MCLENNAN 72639 70 -322489 -600] -1798050 6339 15356 17] 173761 2132| 218026 211 16722 94| _-2407610] 9101 2576 97384
MCMULLEN 0 0 0 0 0 0 0 0 0 0 9568 9| 734 4 -8834) 5 9 55|
MEDINA 0 0 0 0 0 0 0 0 0 0 79440 77 6093] 34| -7334] -a3 78 459
MENARD [ 0 0 0 0 0 0 0 0 0 0 0 0 [ 0| 0| 0| 0|
MIDLAND 250260 242 -54621 -102| -1231681 4342 68084 77| 18563 228] 246729 -239 18923 106 -1214316) -4486 1299 48003
MILAM 0 0 0 0 0 0 0 0 0 0 20205 20 1557 o] 18738 11 20 117
MILLS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MITCHELL 0 0| [ 0 0| 0 [ [ 0 [ 0 0 0 0 0 0 0 0
MONT AGUE 0 0 0 0 0 0 0 0 2073 50 ~20875 20 1601 9 -23346) 61 25 655
MOTLEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NACOGDOCHES 0 o[ 257303 -479 0 0 7247 8] 255664 -3137 0 0 0 o] 505811 3608 541 38603
NAVARRO 0 0 0 0 0 0 0 0 0 0 37111 -36] 2846 16 -34265, T‘ 37 215
0 0 0 0 0| 0 0 0 0 0 0 0| 0 0 _0| o| 0| o]
PALO PINTO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o] o| 0 o]
PECOS 0 0 0 o] 237693 -838 0 0 0 0 0 0 0 o] 237693 -838 254] 8966
POTTER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PRESIDIO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RAINS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
REAGAN 0 0 0 0 0 0 0 0 0 0 0 [ [ 0 0 [ 0 0
REAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RED RIVER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
REEVES 6195 6| -1047529 -1949 0 0 345 0 0 0 0 0 0 0| 1040989 -1942 1114] 20783
REFUGIO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ROBERTSON 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0| 0 0| 0|
RUNNELS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SAN SABA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 [ [ [ 0 [ 0 o] 10181 125 0 0 [ o] 10181 125 11 1337
0 0 0 0 0 0 138 0 0 0 0 0 0 0 138 0 0 2
0 0 0 0 0 0 0 0 0 o 18555 18 1423 8| 17132 10 18 107
0 0 32174 60 0 0 0 o 33938 -416 0 0 0 o] 6112 -476 71 5096|
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STONEWALL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SUTTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TAYLOR 0 o] 146654 273 0 0 30678 35| -420878 5275 9568 9 734 4] 554689 -5518 594 59045
TERRELL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[ THROCKMORTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TITUS 0 0 0 0 0 0 0 0 0 0 [ 0 0 [ [ [
TOM GREEN 17461 17 0 0 0 0 0 o] 180549 2215 7248 7 556 3| 169781 2202 182 23567
UPTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
UVALDE 0 0| -1361089 2532 0 0 0 0 0 0 0 0 0 0| 1361039 2532 1456 27091
VAL VERDE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _o| 0
VAN ZANDT 0 0| 125703 234 0 0 0 0 3394 42 0 0 0 o] 129007 275 138] 2948]
WARD 0 0 0 0 0 0 0 0 0 0 -20585 -20 1579 9 31
WASHINGT ON o 201275 -374 0 0 0 o] 19005 -233 0 0 0 [
WEBB 3700 1 0 0 0 0 8696 10] 321077 3042 09445 -96) 7627 43
WHARTON 0 0 0 0 0 0 0 0 0 0 0 0 0
WICHITA 10115 10| 0 0 0 0 0 0] -20589 -253 -11887 12 912 5
WILBARGER [ 0 0 0 0 0 0 0 0 [ 0 0| 0 [
WILLACY' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WINKLER 0 0 0 o] 345735 1219 0 0 0 o] 54796 53 4203 24 -396320| 1248 424 13359
\WOOD 0 0 0 0 0 0 0 0 0 o] 22035 21 1690 o] 20345 12 22| 127
YOUNG 0 [ [ [ 0| [ 0 0 0 [ 0 0| 0 0 0 0 0 0
ZAPATA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZAVALA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[ ARMSTRONG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BAILEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BOWIE 16775 16 0 0 0 0 0 0] 167200 2052 0 0 0 o] 150425 2035 161 21779
CAMP 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CARSON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[CASTRO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COCHRAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLLINGSWORTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DALLAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DEAF SMITH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DONLEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FLOYD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GAINES 0 0 0 0 0 0 1001 1 0 0 0 0 0 0 1001 1 1 12
GARZA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GRAY 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0
HALE 0 0 0 0 0 0 0 0 0 o] 53347 52 4092 23] 49255 29 53 308
HANSFORD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HARTLEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HEMPHILL 0 o] 207261 -386 [ 0 0 0 0 0 0 0 0 o 207261 -386 222 4126
HOCKLEY' 0 0 0 0 0 0 0 0 -13801 -169 0 0 0 o] 13801 -169 15 1812
HUT CHINSON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JASPER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LAMB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LIPSCOMB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LUBBOCK 115016 111] -4232764 7874] 1033793 -3645 8765 10 -143896 -1766] 710904 690 54524 306] -5943053] 13547 6359 144957
LYNN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MARION 0 0 0 0 0 0 0 o] 22625 218 0 0 0 0 22625 278 24) 2971]
MOORE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MORRIS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NEWTON 0 0 [ 0 0| 0 [ o] -158376 1943 [ 0| [ o -158376) 1943 169 20794]
OCHILTREE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OLDHAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PANOLA 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0| 0 0 0|
PARMER 0 0 0 0 0 0 0 0] 26245 322 0 0 0 o 26245 322 28 3446
POLK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RANDALL 0 o 921077 -1713] -380991 -1343 0 0] 155435 -1907| 55956 54 4292 24| 1509167 4994 1615 53437
ROBERTS 0 0 0 0 0 0 0 o] 374427 -4595 0 0 0 o] 374447 -4595 401 49163
SABINE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SAN AUGUST INE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SAN JACINTO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SHELBY 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 [ 0
ERMAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SWISHER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TERRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TRINITY. [ o] 74075 -138 [ 0 0 0 9276 114 0 0 0 0 -83352 -252 89 2692
TYLER 0 0 0 0 0 0 0 0 0 0] 18555 18 1423 8 17132 10 18 107
WALKER 0 0 0 0 0 0 0 3394 -a2 0 0 0 0 3394 42 4 446
WHEELER 4221 4] 508588 1114 0 0 36751 a1 0 0 -11887 12 912 5| 568591 -1074 608 11496
YOAKUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _o| _o|
Total 22356806 21500| -58841186]  -109460] -44131825] -155584] 8616909 9719| -54354267| -666959| -31545078]  -30600 2419419 13560]-155479223]  -917735] 166363 9819764

Note: A decrease in energy use is negative (i.e., savings); an increase in energy use is positive (i.e., more consumption)
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Table 24: 2019 Totalized Annual Electricity Savings by CL Zone from New Commercial Construction

Electric Power Market

CL Zone

Total Electricity Savings by CL Zone (MWh)
[2019-TRY 2008]

ERCOT

Houston (H)

37,805

North (N)

71,384

West (W)

6,010

South (S)

44,664

SPP

9,431

SERC

3,132

WECC

3,389

Total

175,816

November 2020

Energy Systems Laboratory, Texas A&M University System




2019 TERP Report, Vol. I, p. 84

Table 25: 2019 Annual NOx Reductions from New Commercial Construction Using 2016 eGRID

NOX NOX NOX NOX NOX NOX NOX Total Nox | Total Nox
Area County ERCOT-H | Reductions | ERCOT-N | Reductions | ERCOT-W | Reductions [ ERCOT-S | Reductions sPP Reductions SERC Reductions | WECC | Reductions | Reductions | Reductions
(Ibs) (Ibs) (Ibs/year) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Tons)
Brazoria 00615737 232781 056| 00000004 000 X 2576 0,0000000 000] 00000000} 000 0.0000000) 000 235413 118
Chambers 0.00) 821 0,0000000) 0.00) 0.00] 0.00] 750.23] 03]
Louston. rt Bend 0.00) 3144 0.0000000) 0.00) 0.0000000) 000 0.0000000] 0.00] 2872.75| 1.44]
Caveston  |catveston 0.00) 568 0.0000000) 000 0.0000000] 000 0.0000000] 0.00] 519.33] 0.26]
Area  |mars 000 5089 0,0000000} 000 0.0000000] 000 oooooooo[ 000 aemer] 232
Liberty 000 X 000 0.0000000] 000 000l ooooooool —— ooo]
Wontgomery 000 000 000 140.56] 007
Waller 000 0.0000000] 000 00000000] 000 000 00000000} 000 000) 000)
Beaumont/ |Hardin 000 0.0000000] 000 0.0000000] 0.00) 00007374 231]  oooooooo] oo 231  oodf
Port Arthur  [Jefferson 000 0.0000000] 000 0.0000000] 0.00) 0.1794027 56192]  o0oooo000f  oo0of  sergp[ 0.2
Area [orange 0.0 000 00000000 0.00) 02428943 76078] _ oooooooo| o000 760.78] 0.3
Colin 0.49] _ 0.0000065] 029] _ 0.0000000] 0.00) 0.0000000) 000  oooo0000f  o000] 50.17] 0.03]
Dallas 371 583 0.0000000] 000 0.0000000] o.oo 100175 050)
Denton 2.72) X 421 0.0000000) 0.00) 0.00] o oo 733.78] 037]
Henderson 0.36) 056 0.0000000) 000 0.0000000] 000 96.68] 0.05]
Hood 201 0.0000706] 316] 0.0000000] 000[0.0000000] 000[  0.0000000] ooo 542.14] 0.27]
oallassFort |2t 0.0 X 010 0.0000000] 000 0.0000000] 000 0.0000000] 0.00] 16.44) 0.01]
Worth Area [T2120 134 X 210[ 0.0000000] 000[0.0000000] 000 ooooooool 000 3e0se g
Blis 175 275 0,00 0.00] _m
Johnson 025 X 039 0.0000000] 000[0.0000000] oo oooooooo[ oo esss[  oog
Kaufmen 49 779 0.0000000] 000[0.0000000] 000 oooooooo[ 000 iswmes| e
Parker 113 178 0.0000000 0.00) 00000000 000 00000000] o000  30502] o]
Rockwall 000 Y 000l 00000000] 000l 00000000] 000l oooooooo] —— o0o]
Wise 502 00001765 789 0.0000000] 000[0.0000000] 000 ooooooool 000 13saze[ el
B Paso Area |H Paso 0.00) 0.00) 000 0.0000000] 000 12223686 414231 4142.37] 2,07
Bexar 03] . 5585.46| 000 0.0000000] 000 0.0000000] 0.00) 6253.13] 3.3
san Antonio [Comal 001 15118]  0ooooooo| 000 oooooooo[ 000 oooooooo[ 000 16925 oogl
Area  [Guadalupe 005 X o001l oooooooo] ——ooo]  oooooooo] ool oooooooo| oo 0o1e79] sl
Wison 0,00 X 6213]  oooooooo| 000l oooooooo] ool ooooooool ool cose]  o.g
Bastrop 0.04] 720.87] _—m— 0. oooomoo - 907 04 0.40]
Caldw ell 0.00) 000 0.0000000] 000 0.00)
Austin Area [Hays 001 000as408] 000 0 -m-m
Travis 007 o 0297443 [ 0.0000000] o(mrxxx oon 1487.31] 074
Willamson 0.00) 0.0000000)] 0.00) _ 0.00] - 0. 00 0. uo
Gregg 000] 00000000 6278/ 0.0000000 0ol ooooooool ool 27l  ood
North East PRS0 000 0.0000000] 250659] __0,0000000) 000l  ooooooool —oool  asoesol  1.2s)
Texas Area |RUSK au1al 0001457 _m
mith 000 00000000 000 0.0000000] | oooooooo] 000l ooo] oo
Upshur 000 0.0000000] 000 00000000 noooonoo _m-m_m
Corpus Christi[Nueces 008 00315033 000[0.0000000] 000 ooooo000] 000 17527 o)
Area [San Patricio 013 00526305 —-m_m
Victoria Area_|Victoria 541 72 027
Anderson 47.69] 0,02
Angelina 113393 057
Atascosa 119
Bell . 056] 00000198 089] 00000000} 0.8
Bosque 24462] _ 0.0001655] 099 0.0000350] 156| 00000000} 0.3
Brazos 27627]  0.0001869| 112]  000003%5| 176] 00000000} 0.15)
Calhoun 4287 0.00002%0] 017]  o0o0711201] 317653 0.0000000 179
Cameron 184] 00000012} 001 0.0030576] 13657]  0.0000000) 0.8
Cherokee 1196 00019403 13350 0.0000937] 056| 00000198 0.8
Coke 814 00193554 11633
Colorado
Ector
Fayette 00145746
Freestone 00119927
Frio 0,0070493
Goliad 00388972
Grayson
Grimes
Hidalgo
Hill
Howard
Other ERCOT|Lamar 0,0021320 80,60|
Counties |Limestone 0,0204136 7174] 01252272
Llano 0,0001824 69| 00000123
McLennan 0,0030116 11386] 00184748
Milam 0,0070728 267,39 0.0004770]
Mitchell 00000271 0.0001662
00001434
Nolan 0,0000118
Palo Pinto 0.0004872]
Pecos 0.0000027)
Reagan 0,0000002
Red River 0,0000370
Robertson 0,0132076]
Scurry 0,0001368
Titus 00137878
Upton 0,0000002] Y Y
Ward 0.0000029] 129 00030571 1837 001 0.0000000]
Webb 0,0000284 014 0.0000001] X X 1014]  0.0000000]
Wharton 0,0008837 425 0.0000029]
Wichita 0,0000018 078]  00018583|
Wilbarger 0,0005643 0.5877706)
Wood 0,0000059 0.0000017]
Young 0,0000208 910 00216376
Cass 0.0000000]
Gaines 0,0000000
Gray 0,0000000
Hale 0,0000000
Hemphill 0.0000000]
Hutchinson 0,0000000
Other SPP |Lamb 0,0000000
Counties |Lubbock 0,0000000]
Marion 0,0000000
Moore 0,0000000
Morris 0,0000000
Potter 0,0000000
Titus 00137878
Yoakum 0,0000000
Jasper 0,0000000
Other SERC [Newton 0,0000000
Counties [san Jacinto 0,0000000
Tyler 0,0000000 Y
[Total 04927768 18629.52] 0.6891868] _ 49197.11| 09589944 576382 07276081] 3249808 13340545  1258198] 04990937 1563.24]  1.2223686] 414237 12437613 62.19|
Energy
Savings
MWh) 37,805 71,384 6010) 44,664 9.431] 3132) 3:389)
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Table 26: 2019 Annual Electricity and Natural Gas Savings and NOx Reductions from New Commercial
Construction

Electricity Savings and Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resultant NOx Reductions Reductions
(Commercial) (Commercial)
County Total Annual
Electricity Savings | Annual Nox | Total Annual N.G. | Annual Nox Annual Nox
per County w/ 7% | Reductions Savings Reductions Reductions
T&D Loss (Tons) (Therm/County) (Tons) (Tons)
(MWh/County)

HARDIN (1.81) 0.00 (20.41) (0.00) 0.00
HARRIS 2927391 232 1484,318.97 6.83 9.15
JEFFERSON 660.50 0.28 11,862.98 0.05 0.34
ORANGE 0.00 0.38 0.00 0.00 0.38
TARRANT 18,094.72 0.18 770,290.11 3.54 3.72
COLLIN 9,760.32 0.03 595,137.12 274 276
DALLAS 18,989.60 0.50 994,774.02 4.58 5.08
HOOD 0.00 0.27 0.00 0.00 0.27
HUNT 0.00 0.01 0.00 0.00 0.01
HENDERSON 311.36 0.05 36,900.56 0.17 0.22
BEXAR 11,015.37 313 754,626.80 347 6.60
TRAVIS 12,068.57 0.74 874,509.20 4.02 4.77
DENTON 8,720.04 0.37 659,861.95 3.04 3.40
WILLIAMSON 7,700.92 338,772.69 156 156
EL PASO 3388.81 207 370,399.02 170 378
MONTGOMERY 2,198.44 0.07 169,362.06 0.78 0.85
GALVESTON 2137.15 0.26 126,190.35 0.58 0.84
BRAZORIA 2504.61 118 262,865.64 121 2.39
Non- COMAL 2,324.93 0.08 202,172.54 0.93 1.01
attainment ROCKWALL 1,956.68 107,371.52 0.49 0.49
and Affected HAYS 825.36 0.09 87,089.86 0.40 0.49
Counties NUECES 614.02 079 66,402.57 031 109
FORT BEND 3,848.53 144 249,205.52 115 258
ELLIS 150.24 0.24 6,186.28 0.03 0.26
JOHNSON 2513.56 0.03 45,463.95 0.21 0.24
GUADALUPE 567.99 0.51 17,882.99 0.08 0.59
KAUFMAN 879.37 0.67 27,621.51 0.13 0.80
PARKER 641.75 0.15 21471.00 0.10 0.25
SMITH 655.40 22,669.82 0.10 0.10
BASTROP 36.71 0.40 707.20 0.00 0.41
CHAMBERS 8.59 0.38 50.27 0.00 0.38
GREGG 174.95 0.03 2944.04 0.01 0.04
SAN PATRICIO 898.48 132 71618.89 0.33 165
LIBERTY (1.96) (22.07) (0.00) (0.00)
VICTORIA (3.99) 0.27 (44.98) (0.00) 0.27
CALDWELL (13.81) (133.40)| (0.00) (0.00)
WILSON 98.29 0.03 12,060.56 0.06 0.09
WALLER 32.39 2,735.53 0.01 0.01
UPSHUR 312.30 38,320.50 0.18 0.18
RUSK 0.00 5.55 0.00 0.00 5.55
HARRISON 468.85 125 12,384.93 0.06 131
WISE 21.77 0.68 127.36 0.00 0.68
HIDALGO 2298.34 0.40 90,314.90 0.42 0.81
CAMERON 1,282.40 0.08 57,494.34 0.26 0.34
BELL 2,799.01 0.08 305,971.54 141 148
WEBB 428.75 0.01 42,613.87 0.20 0.20
BRAZOS 380.07 0.15 43515.35 0.20 0.35
KENDALL 36.90 1,689.53 0.01 0.01
BURNET 461.82 24,547.60 0.11 0.11
GRAYSON 1,061.79 0.08 27,614.21 0.13 0.21
CORYELL 13557 16,635.25 0.08 0.08
MIDLAND 1299.32 48,003.17 0.22 0.22
LLANO 0.00 0.04 0.00 0.00 0.04
MAVERICK 20.34 118.98 0.00 0.00
MCMULLEN 9.45 55.30 0.00 0.00
ARANSAS (43.09) 4,280.27 0.02 0.02
WICHITA 22.95 0.01 2,667.42 0.01 0.02
TAYLOR 593.52 59,045.25 0.27 0.27
TOM GREEN 181.67 23,566.71 011 011
MCLENNAN 2576.14 0.72 97,383.64 0.45 117
MCCULLOCH 15.98 1,960.58 0.01 0.01
JIM HOGG 0.00 0.00 0.00 0.00
VAL VERDE 0.00 0.00 0.00 0.00
O‘EZ'UEESST ECTOR 53134 029 5563.20 0.03 0.32
WHARTON 0.00 0.18 0.00 0.00 0.18
KERR 915.39 59,026.61 0.27 0.27
PRESIDIO 0.00 0.00 0.00 0.00
JIM WELLS 0.00 0.00 0.00 0.00
CALHOUN 0.00 178 0.00 0.00 178
GILLESPIE 13.46 78.76 0.00 0.00
MATAGORDA 609.39 71,629.71 0.33 0.33
NAVARRO 36.66 21450 0.00 0.00
ANGELINA 162.44 0.57 19,932.60 0.09 0.66
NACOGDOCHES 541.22 0.03 38,603.48 0.18 0.21
FANNIN (16.50) (186.15)] (0.00) (0.00)
ATASCOSA 288 112 (76.34) (0.00) 112
WASHINGTON 235.70 6,501.65 0.03 0.03
LAMAR 57.99 0.51 2,630.73 0.01 0.52
VAN ZANDT 13813 2941.70 0.01 0.01
WILLACY 0.00 0.00 0.00 0.00
BROWN 0.00 0.00 0.00 0.00
ERATH 33215 40,756.37 0.19 0.19
AUSTIN 0.00 0.00 0.00 0.00
COOKE 11.74 68.71 0.00 0.00
MEDINA 78.48 459.17 0.00 0.00
TITUS 0.00 4.65 0.00 0.00 4.65
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Table 27: 2019 Annual Electricity and Natural Gas Savings and NOx Reductions from New Commercial
Construction (Continued)

Electricity Savings and Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resultant NOx Reductions Reductions
(Commerecial) (Commercial)
County
Total Annual
Electricity Savings | Annual Nox | Total Annual N.G. | Annual Nox Annual Nox
per County w/ 7% | Reductions Savings Reductions Reductions
T&D Loss (Tons) (Therm/County) (Tons) (Tons)
(MWh/County)

UVALDE 1456.31 27,091.32 012 0.12
FAYETTE 0.00 291 0.00 0.00 291
CALLAHAN (23.23) (224.32) (0.00) (0.00)
HOPKINS (0. sé_ﬂ (6.25)[ (0.00)] (0.00)
LAMPASAS 0.00 0.00 0.00 0.00
BLANCO 0.00 0.00 0.00 0.00
FREESTONE 0.00 2.88 0.00 0.00 2.88
GRIMES 87.15 0.97 10,694.09 0.05 1.02
LEE 0.00 0.00 0.00 0.00
SOMERVELL 18.33 107.25 0.00 0.00
ANDREWS 169.46 20,794.07 0.10 0.10
BORDEN 0.00 0.00 0.00 0.00
CHEROKEE 172.63 0.08 5,986.06 0.03 0.10
DIMMIT 0.00 0.00 0.00 0.00
FALLS 18.54 100.23 0.00 0.00
COLORADO 63.43 0.28 7,782.92 0.04 0.32
FRIO 0.00 141 0.00 0.00 141
MILAM 20.05 141 117.31 0.00 141
JACKSON 0.00 0.00 0.00 0.00
ANDERSON 20.62 0.02 120.66 0.00 0.02
HILL 0.00 0.07 0.00 0.00 0.07
CULBERSON 0.00 0.00 0.00 0.00
MASON 0.00 0.00 0.00 0.00
POTTER 0.00 121 0.00 0.00 121
PECOS 254.33 0.01 8,966.27 0.04 0.05
RAINS 0.00 0.00 0.00 0.00
LAVACA 20.05 117.31 0.00 0.00
PALO PINTO 0.00 0.12 0.00 0.00 0.12
KIMBLE 0.00 0.00 0.00 0.00
MADISON 0.00 0.00 0.00 0.00
[ARCHER 49.66 3,147.76 0.01 0.01
REFUGIO 0.00 0.00 0.00 0.00
LIMESTONE 14.41 4.90 268.08 0.00 4.90
CLAY 0.00 0.00 0.00 0.00
BEE 0.00 0.00 0.00 0.00
MARTIN 221.56 27,923.46 0.13 0.13
GONZALES 0.00 0.00 0.00 0.00
BURLESON 197.30 24.210.24 0.11 0.11
KARNES 68.85 1,280.84 0.01 0.01
KLEBERG 0.00 0.00 0.00 0.00
BREWSTER (12.64) (122.07) (0.00) (0.00)
[WINKLER 424.07 13,358.57 0.06 0.06
Other ERCOT [wooD 2177 0.00 127.36 0.00 0.00
Counties  [FRANKLIN 0.00 0.00 0.00 0.00
'YOUNG 0.00 0.07 0.00 0.00 0.07
HOUSTON 0.00 0.00 0.00 0.00
SCURRY 10.89 0.46 1,336.76 0.01 0.47
BOSQUE 0.00 0.13 0.00 0.00 0.13
COMANCHE 70.93 8,703.80 0.04 0.04
BRISCOE 0.00 0.00 0.00 0.00
CONCHO 0.00 0.00 0.00 0.00
ZAVALA 0.00 0.00 0.00 0.00
NOLAN 0.00 0.04 0.00 0.00 0.04
BROOKS 0.00 0.00 0.00 0.00
ROBERTSON 0.00 3.17 0.00 0.00 317
LIVE OAK (55.39)| (624.68) (0.00) (0.00)
HAMILTON 0.00 0.00 0.00 0.00
JONES 0.00 0.00 0.00 0.00
REAGAN 0.00 0.00 0.00 0.00 0.00
WARD 20.34 0.01 118.98 0.00 0.01
RED RIVER 0.00 0.01 0.00 0.00 0.01
HASKELL 0.00 0.00 0.00 0.00
HOWARD 17.89 0.05 387.55 0.00 0.05
SAN SABA 0.00 0.00 0.00 0.00
JACK 0.00 0.00 0.00 0.00
STEPHENS 0.00 0.00 0.00 0.00
RUNNELS 0.00 0.00 0.00 0.00
REEVES 1,113.86 20,782.76 0.10 0.10
DE WITT 54.71 6,713.51 0.03 0.03
CHILDRESS 0.00 0.00 0.00 0.00
CROSBY. 0.00 0.00 0.00 0.00
DAWSON 8185 12,695.44 0.06 0.06
MITCHELL 0.00 0.09 0.00 0.00 0.09
[WILBARGER 0.00 1.90 0.00 0.00 1.90
COLEMAN 0.00 0.00 0.00 0.00
UPTON 0.00 0.00 0.00 0.00 0.00
COKE 0.00 0.06 0.00 0.00 0.06
CROCKETT 0.00 0.00 0.00 0.00
HARDEMAN 1453 1,782.35 0.01 0.01
BANDERA 0.00 0.00 0.00 0.00
BAYLOR 0.00 0.00 0.00 0.00
COTTLE 0.00 0.00 0.00 0.00
CRANE 0.00 0.00 0.00 0.00
DELTA 0.00 0.00 0.00 0.00
DICKENS 0.00 0.00 0.00 0.00
DUVAL 0.00 0.00 0.00 0.00
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Table 27: 2019 Annual Electricity and Natural Gas Savings and NOx Reductions from New Commercial
Construction (Continued)

Electricity Savings and Total Natural Gas Savings and Total Nox
Resultant NOx Reductions Resultant NOx Reductions Reductions
(Commercial) (Commerecial)
County Total Annual
Electricity Savings | Annual Nox | Total Annual N.G. Annual Nox Annual Nox
per County w/ 7% | Reductions Savings Reductions Reductions
T&D Loss (Tons) (Therm/County) (Tons) (Tons)
(MWh/County)

EASTLAND 24.02 446.81 0.00 0.00
EDWARDS 0.00 0.00 0.00 0.00
FISHER 0.00 0.00 0.00 0.00
FOARD 0.00 0.00 0.00 0.00
GLASSCOCK 0.00 0.00 0.00 0.00
GOLIAD 0.00 0.97 0.00 0.00 0.97
HALL 0.00 0.00 0.00 0.00
HUDSPETH 0.00 0.00 0.00 0.00
IRION 0.00 0.00 0.00 0.00
JEFF DAVIS 0.00 0.00 0.00 0.00
KENEDY 0.00 0.00 0.00 0.00
KENT 0.00 0.00 0.00 0.00
KING 0.00 0.00 0.00 0.00
KINNEY 0.00 0.00 0.00 0.00
KNOX 0.00 0.00 0.00 0.00
Other ERCOT LA SALLE 269.20 33,032.86 0.15 0.15
Counties  [LEON 20.62 120.66 0.00 0.00
LOVING 0.00 0.00 0.00 0.00
MENARD 0.00 0.00 0.00 0.00
MILLS 0.00 0.00 0.00 0.00
MONTAGUE 24.98 655.36 0.00 0.00
MOTLEY 0.00 0.00 0.00 0.00
REAL 0.00 0.00 0.00 0.00
SCHLEICHER 0.00 0.00 0.00 0.00
SHACKELFORD (0.15) (1.67) (0.00) (0.00)
STARR 70.74 5,096.29 0.02 0.02
STERLING 0.00 0.00 0.00 0.00
STONEWALL 0.00 0.00 0.00 0.00
SUTTON 0.00 0.00 0.00 0.00
TERRELL 0.00 0.00 0.00 0.00
THROCKMORTON 0.00 0.00 0.00 0.00
ZAPATA 0.00 0.00 0.00 0.00
[ARMSTRONG 0.00 0.00 0.00 0.00
BAILEY 0.00 0.00 0.00 0.00
BOWIE 160.95 21,779.26 0.10 0.10
CAMP 0.00 0.00 0.00 0.00
CARSON 0.00 0.00 0.00 0.00
CASS 0.00 0.06 0.00 0.00 0.06
CASTRO 0.00 0.00 0.00 0.00
COCHRAN 0.00 0.00 0.00 0.00
COLLINGSWORTH 0.00 0.00 0.00 0.00
DALLAM 0.00 0.00 0.00 0.00
DEAF SMITH 0.00 0.00 0.00 0.00
DONLEY 0.00 0.00 0.00 0.00
FLOYD 0.00 0.00 0.00 0.00
Gaines (1.07) 0.01 (12.08) (0.00) 0.01
GARZA 0.00 0.00 0.00 0.00
GRAY 0.00 0.00 0.00 0.00 0.00
HALE 52.70 0.06 308.35 0.00 0.07
HANSFORD 0.00 0.00 0.00 0.00
HARTLEY 0.00 0.00 0.00 0.00
HEMPHILL 22177 0.11 4,125.51 0.02 0.13
HOCKLEY 14.77 1812.05 0.01 0.01
HUTCHINSON 0.00 0.49 0.00 0.00 0.49
JASPER 0.00 0.02 0.00 0.00 0.02
LAMB 0.00 123 0.00 0.00 123
Other LIPSCOMB 0.00 0.00 0.00 0.00
Counties  |LuBBOCK 6,359.07 0.21 144,957.21 0.67 0.88
LYNN 0.00 0.00 0.00 0.00
MARION 24.21 0.12 2,970.58 0.01 0.13
MOORE 0.00 0.00 0.00 0.00 0.00
MORRIS 0.00 0.00 0.00 0.00 0.00
NEWTON 169.46 0.02 20,794.07 0.10 0.12
OCHILTREE 0.00 0.00 0.00 0.00
OLDHAM 0.00 0.00 0.00 0.00
PANOLA 0.00 0.00 0.00 0.00
PARMER 28.08 3445.87 0.02 0.02
POLK 0.00 0.00 0.00 0.00
RANDALL 1614.81 53,437.02 0.25 0.25
ROBERTS 400.66 49,163.12 0.23 0.23
SABINE 0.00 0.00 0.00 0.00
San Augustine 0.00 0.00 0.00 0.00
SAN JACINTO 0.00 0.00 0.00 0.00 0.00
SHELBY 0.00 0.00 0.00 0.00
SHERMAN 0.00 0.00 0.00 0.00
SWISHER 0.00 0.00 0.00 0.00
TERRY 0.00 0.00 0.00 0.00
TRINITY 89.19 2,692.40 0.01 0.01
TYLER 18.33 0.00 107.25 0.00 0.00
WALKER 3.63 445.59 0.00 0.00
WHEELER 608.39 11,496.39 0.05 0.05
'YOAKUM 0.00 0.17 0.00 0.00 0.17
TOTAL 175,816.36 62.19 10,100,385.60 46.46 108.65
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Annual Elec. Savings w/ 7% T&D Loss
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45 2019 Results for New Residential (Single-family and Multi-family) and Commercial Construction

Figure 18 shows the bar chart and Figure 19 shows the spatial distribution of the 2019 annual electricity savings and
Figure 20 shows the bar chart annual NOx reductions for new residential and commercial construction. Figure 21
and Figure 22 shows the spatial distribution of the 2019 annual NOx reductions from electricity only, and electricity
and natural gas, for new residential and commercial construction, respectively. In general, the significant increase in
the annual NOx emissions reduction shown in Figure 20, compared to the previous report is due to the higher energy
savings. As shown in Table 27, the total annual electricity savings in 2019 resulted in 1,506,465.90 MWh/yr which
includes 308,979.85 MWh/yr (i.e., 20.51 %) for single-family buildings, 1,021,669.69 MWh/yr (i.e., 67.82 %) for
multi-family buildings, and 175,816.36 MWh/yr (i.e., 11.67 %) for new commercial buildings. In addition, the total
annual natural gas savings from new residential and commercial Construction in 2019 resulted in 1,745,469.7
MMBtu? (17,454,697.12 therms).

The total NOx reductions®® from electricity and natural gas savings from new residential (single-family and multi-
family) and commercial Construction in 2019 resulted in 590.71 tons NOx/year which represents 510.42 tons
NOx/year from electricity savings and 80.29 tons NOx/year from natural gas savings.

2 1 Therm = 0.10 MMBtu, source from www.eia.gov/tools/fags/fag.cfm?id=45&t=8
% 0.092 Ib-NOx/MMBtu of emission rate was used for the calculation.
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Table 27: 2019 Annual NOx Reductions from New Residential and Commercial Construction
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Table 28: 2019 Annual NOx Reductions from New Residential and Commercial Construction (Continued)
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Table 28: 2019 Annual NOx Reductions from New Residential and Commercial Construction (Continued)
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Annual Elec. Savings w/ 7% T&D Loss
(Single-Family, Multi-Family and Commercial Buildings)
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Energy Systems Laboratory, Texas A&M University System

November 2020



2019 TERP Report, Vol. I, p. 95

Annual Electricity Savings
(MWh/Year)
No Savings
010,000
10,000 £ 20,000

B 20.000 530,000
B 30,000 < 40,000
0000 <

Figure 19: Map of 2019 Annual Electricity Savings by County from New Residential and Commercial Construction
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Figure 22: Map of 2019 Annual NOx Reductions from Electricty and Natural Gas by County from New Residential
and Commercial Construction
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5  Calculation of Integrated NOx Emissions Reductions from Multiple State Agencies Participating in the Texas
Emissions Reduction Plan (TERP)

5.1 Background

In January 2005, the Laboratory was asked by the Texas Commission on Environmental Quality (TCEQ) to develop
a method by which the NOx emissions reductions from the energy-efficiency programs from multiple Texas State
Agencies working under Senate Bill 5 and Senate Bill 7 could be reported in a uniform format to allow the TCEQ to
consider the combined savings for Texas’ State Implementation Plan (SIP) planning purposes. This required that the
analysis should include the integrated savings estimation from all projects projected through 2024 for both the
annual and Ozone Season Period (OSP) NOx reductions. The NOx emissions reductions from all these programs
were calculated using estimated emissions factors for 2016 from the US Environmental Protection Agency (US
EPA) eGRID database, which had been specially prepared for this purpose. The different programs included in this
2019 integrated analysis are:

ESL Single-family new construction

ESL Multi-family new construction

ESL Commercial new construction

PUC Senate Bill 7 Program

SECO Senate Bill 5 Program

Electricity generated by renewables in Texas (ERCOT)

SEER 13/14 upgrades to Single-family and Multi-family residences

The Laboratory’s single-family and multi-family programs include the energy savings attained by constructing new
residences in Texas. The baseline to estimate energy savings uses the published data on residential construction
characteristics by the 2008 National Association of Home Builders (NAHB 2008) based on the 2006 IECC building
code (2006 ICC). Annual electricity savings (MWHh) are obtained from the Laboratory’s Annual Reports to the
TCEQ (Haberl et al., 2002 - 2019).

The Laboratory’s commercial program includes the energy savings attained by constructing new commercial
buildings in Texas, including office, apartment, healthcare, education, retail, food, and lodging as defined by Dodge
building type (Dodge 2011). Energy savings were estimated from code-compliant buildings (ASHRAE Standard
90.1-2013) against pre-code buildings (ASHRAE Standard 90.1-2007) using EUI in the USDOE report and
constructed square footage in Dodge data (Dodge 2019).

The Public Utility Commission of Texas (PUC) Senate Bill 7 program includes the energy efficiency programs
implemented by electric utilities under the Public Utility Regulatory Act §39.905. The PUC regulated energy
efficiency program was adopted pursuant to 1999 legislation (SB 7) and subsequent legislation in 2001 (SB 5), 2007
(HB 3693), and 2011 (SB 1125). The energy efficiency measures include high-efficiency HVAC equipment,
variable speed drives, increased insulation levels, infiltration reduction, duct sealing, Energy Star Homes, etc.
Annual electricity savings claimed by the utilities were reported for the different programs completed in the years
2001 through 2019.

The Texas State Energy Conservation Office (SECO) funds energy-efficiency programs that are directed towards
school districts, government agencies, city and county governments, private industries and residential energy
consumers. For the 2019 reporting year SECO submitted annual energy savings values for projects funded by SECO
and by Energy Service projects.

The Electric Reliability Council of Texas (ERCOT) electricity production from currently installed green power
generation in Texas is reported. Actual measured electricity productions for 2001 through 2019 were included. For
projections to 2024, the annual growth factor was estimated using the last six years installed power capacity.

Finally, NOx emissions reductions from the installation of SEER 13 and SEER 14 air conditioners in existing
residences are also reported.
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5.2  Description of the Analysis Method

Annual and Ozone Season Period (OSP) NOx emissions reductions were calculated for 2019 and integrated from
2009 to 2024 using several factors to discount the potential savings. These factors include an annual degradation
factor, a transmission and distribution factor, a discount factor, and growth factors as shown in Table 28 and are

described as follows:

Annual degradation factor: This factor was used to account for an assumed decrease in the performance of the
measures installed as the equipment wears down and degrades. With the exception of electricity generated from
renewables, an annual degradation factor of 2% was used for ESL Single-family, Multi-family, and Commercial
programs and an annual degradation factor of 5% was used for all other programs. The value of the 5% degradation
factor was taken from a study by Kats et al. (1996).

Transmission and distribution loss: This factor adjusts the reported savings to account for the loss in energy
resulting from the transmission and distribution of the power from the electricity producers to the electricity
consumers. For this calculation, the energy savings reported at the consumer level are increased by 7% to give credit
for the actual power produced that is lost in the transmission and distribution system on its way to the customer. In
the case of electricity generated by renewables, the T&D losses were assumed to cancel out since renewable energy
is displacing power produced by conventional power plants; therefore, there is no net increase or decrease in T&D
losses.

Initial discount factor: This factor was used to discount the reported savings for any inaccuracies in the assumptions
and methods employed in the calculation procedures. For the Laboratory’s Single, Multi-family and Commercial
program, the discount factor was assumed to be 20%. For PUC’s Senate Bill 7 program, the discount factor was
taken as 10%. For the savings in the SECO program, the discount factor was used 60% before 2019, and since 2019,
30% is used. For the electricity from renewables, the discount factor was taken as 5%. In addition, the discount
factor for SEER 13/14 single-family and SEER 13/14 multi-family program was 20%.

Growth factor: The growth factors shown in Table 24 were used to account for several different factors. Growth
factors for single-family (4.1%), multi-family residential (6.1%), and commercial (5.3%) construction are
projections based on the average growth rate for these housing types from recent U.S. Census data for Texas. The
growth factor for renewable energy (8.5%) is a linear projection based on the installed renewable power
generation capacity in 2019 from the Public Utility Commission of Texas. No growth was assumed for PUC
programs, SECO, and SEER 13/14 entries.

Figure 23 shows the overall information flow that was used to calculate the NOx emissions savings from the annual
and OSP electricity savings (MWh) from all programs. For the Laboratory’s single-family and multi-family code-
implementation programs, the annual and OSP were calculated from DOE-2 hourly simulation models3!. The base
case is taken as the average characteristics of single- and multi-family residences for Texas published by the
National Association of Home Builders for 2008 (NAHB 2008) and 2006 IECC. The annual electricity savings from
PUC’s energy efficiency programs were calculated using PUC approved demand savings calculations or tables or
industry accepted measurement and verification methods (PUC 2020). The OSP consumption is the average daily
consumption for the period between May 1 and September 30.

The SECO electricity savings were submitted as annual savings by project2. A description of the measures
completed for the project was also submitted for information purposes. The electricity production from renewables
farms in Texas was from the actual on-site metered data measured at 15-minute intervals except non-utility scale
solar photovoltaic (PV) projects.

Integration of the savings from the different programs into a uniform format allowed for creditable NOx emissions
to be evaluated using different criteria as shown in Table 28. These include evaluation across programs, evaluation

3 These values are based on a performance analysis as defined by Chapter 4 of IECC 2006. This analysis is discussed in the Laboratory’s annual
reports to the TCEQ.

%2 The reporting requirements to the SECO did not require energy savings by project type, although for selected sites, energy savings by project
type was available.
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across individual counties by program, evaluation by SIP area, evaluation for all ERCOT counties except
Houston/Galveston, and evaluation within a 200 km radius of Dallas/Ft.Worth.

5.3  Calculation Procedure

The electricity savings in this report were estimated based on the baseline year of 2008. In addition, the emissions
estimation throughout this report was updated to the 2016 eGrid database, which is applied to the four different
Competitive Load (CL) zones: Houston, North, West, and South as well as other counties in Texas. For all the
programs, except renewable projects, the corresponding OSP emissions reductions were calculated using an annual
daily average. The OSP emissions reductions from the electricity generated by renewables except non-utility scale
solar PV projects were estimated by actual measured data.

ESL Single-family and Multi-family. The calculation of the annual electricity savings reported for the years 2002
through 2019 included the savings from code-compliant new housing in all 42 non-attainment and affected counties
as reported in the Laboratory’s annual report submitted by the Laboratory to the Texas Commission of
Environmental Quality (TCEQ). From 2009 to 2019, based on year 2008, the annual electricity savings were
calculated for new residential construction in all the counties in ERCOT region as well as other counties in Texas,
which includes the 42 non-attainment and affected counties. These savings were then tabulated by county and
program. Using the calculated values through 2019, savings were then projected to 2024 by incorporating the
different adjustment factors mentioned above.

In these calculations, it was assumed that the same amount of electricity savings from the code-compliant
construction would be achieved for each year after 2019 through 20243, The projected energy savings through
2024, according to county, were then divided into the CL zones in the 2016 eGRID. To determine which CL zone
was to be used, or in counties with multiple CL zone, the allocation to each CL zone by county was obtained from
CL zone’s listing published in the Laboratory’s 2017 annual report34,

For the 2019 annual NOx emissions calculations, the US EPA’s 2016 eGRID was used. An example of the eGRID
spreadsheet is given in Table 29. The total electricity savings for each CL zone were used to calculate the NOx
emissions reductions for each of the different counties using the emissions factors contained in eGRID. Similar
calculations were performed for each year for which the analysis was required.

ESL-Commercial Buildings. The annual electricity savings for 2004 through 2019 for commercial buildings were
obtained from the annual reports for 2004 through 2019 submitted by the Laboratory to TCEQ. From 2009 to 2019,
based on year 2008, the annual electricity savings were also calculated for new commercial construction by county.
Using the calculated savings through 2019, savings were then projected to 2024 by incorporating the different
adjustment factors mentioned above. In the projected annual electricity savings, it was assumed that the same 2019
amount of electricity savings would be achieved for each year through 2024. Similarly to the single-family
calculations, the projected energy saving numbers through 2024, by county, were allocated into the appropriate CL
zones.

PUC-Senate Bill 7. For the PUC Senate Bill 7 program savings, the annual electricity savings for 2001 through 2019
were obtained from the Public Utility Commission of Texas. Using these values savings were projected through
2024 by incorporating the different adjustment factors mentioned above. Similar savings were assumed for each
year after 2019 until 2024. The 2016 annual eGRID was also used to calculate the NOx emissions savings for the
PUC-Senate Bill 7 program. The total electricity savings for each CL zone were used to calculate the NOx emissions
reductions for each county using the emissions factors contained in the US EPA’s eGRID spreadsheet. The
integrated NOx emissions reductions for each county were then calculated.

SECO Savings. The annual electricity consumption reported by political subdivisions for 19 counties (38 entities)
through 2019 was obtained from the State Energy Conservation Office (SECO). Using the reported consumption,

% This would include the appropriate discount and degradation factors for each year.
3 Haberl et al., 2019, Annual Report Volume I, pp. 45.
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the annual and OSP electricity savings resulted from energy conservation projects were then calculated. To achieve
this, the annual energy use intensity (EUI) for each county was estimated and the county’s energy savings for each
year against the baseline year of 2008 were then calculated. In addition, the savings through 2024 were projected
using the different adjustment factors mentioned above. In a similar fashion to the previous programs, it was
assumed that the same amount of electricity savings will be achieved for each year through 2024. The 2016 annual
eGRID was also used to calculate the NOx emissions savings for the SECO program.

Electricity Generated by Renewables. The measured and estimated electricity production from renewables in Texas
for 2008 through 2019 was obtained from reports Statewide Air Emissions Calculations from Wind and Other
Renewables (2009-2019). Using the reported numbers for 2019, savings through 2024 were projected
incorporating the different adjustment factors mentioned above. The 2010 eGRID was used for the period of 2008
through 2016 and 2016 eGRID was then used for the period of 2017 through 2024 to calculate the NOXx emissions
reductions for the electricity generated by renewables in Texas. The total electricity savings for each CL zone were
used to calculate the NOx emissions reductions for each of the different counties.

SEER 13 and 14 Single-Family and Multi-Family. In January of 2006, Federal regulations mandated that the
minimum efficiency for residential air conditioners be increased to SEER 13 from the previous SEER 10. In
addition to this, in January of 2015, Federal regulations enforced that the minimum efficiency for residential air
conditioners be increased to SEER 14 from the previous SEER 14. Although the electricity savings from new
construction reflected this change in values, the annual and OSP electricity savings from the replacement of the air
conditioning units by air conditioners with an efficiency of SEER 13 and 14 in existing residences needed to be
calculated. In this analysis, for SEER 10 to SEER 13 enforcement, it was assumed that an equal number of existing
houses had their air conditioners replaced, as reported for 2006, by the air conditioner manufacturers. This
replacement rate continued until all the existing air conditioner stock was replaced with SEER 13 air conditioners.
Also, the ESL introduced SEER 14 calculations for Single-Family and Multi-Family from 2019 calculations based
on new constructions in 2002. The life span of A/C for the replacement was assumed 17 years.

In this report, the annual and OSP electricity savings for all the counties in ERCOT region as well as the 42 non-
attainment and affected counties were calculated. Using the numbers for 2008, the savings after 2008 until 2024
were projected by incorporating the appropriate adjustment factors®. The total electricity savings for each CL zone
were used to calculate the NOx emissions reductions for each of the different counties using the emissions factors
contained in the 2016 eGRID. Integrated NOx emissions reductions for each county by ozone non-attainment and
affected counties were also calculated.

% Additional details about this calculation are contained in the Laboratory’s 2008 Annual Report to the TCEQ), available at the Senate Bill 5 web
site “http://esl.tamu.edu/”.
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54  Results

The total integrated annual and OSP electricity savings for all the different programs in the integrated format were
calculated for 2009 through 2024 as shown in

Table 30, using the adjustment factors shown in Table 28. Annual and OSP NOx emissions reductions from the
electricity savings (presented in

Table 30) for all the programs in the integrated format were shown in Table 31. Integrated OSP NOx emissions
reduction projection and integrated OSP individual programs NOx emissions reduction projection were presented in
Figure 24 and Figure 25.

In 2019, the total integrated annual savings from all programs are 75,802,813 MWh/year. The integrated annual
electricity savings from all the different programs are:
e  Savings from code-compliant residential and commercial construction are 6,279,626 MWh/year (8.3% of
the total electricity savings),
Savings from the PUC’s Senate Bill 7 program are 4,628,168 MWh/year (6.1%),
Savings from SECO’s Senate Bill 5 program are 1,691,059 MWh/year (2.2%),
Electricity savings from renewable power generation are 62,168,032 MWh/year (82.0%), and
Savings from residential air conditioner retrofits*® are 1,035,928 MWh/year (1.4%).

In 2019, the total integrated OSP savings from all programs are 228,698 MWh/day, which would be a 9,529 MW
average hourly load reduction during the OSP. The integrated OSP electricity savings from all the different
programs are:

e  Savings from code-compliant residential and commercial construction are 17,204 MWh/day (7.5%),
Savings from the PUC’s Senate Bill 7 programs are 12,680 MWh/day (5.5%),
Savings from SECO’s Senate Bill 5 program are 4,633 MWh/day (2.0%),
Electricity savings from renewable power generation are 187,283 MWh/day (81.9%), and
Savings from residential air conditioner retrofits are 6,898 MWh/day (3.0%).

By 2024, the total integrated annual savings from all programs will be 116,515,731 MWh/year. The integrated
annual electricity savings from all the different programs are:

e  Savings from code-compliant residential and commercial construction will be 12,872,105 MWh/year

(11.0% of the total electricity savings),

e Savings from the PUC’s Senate Bill 7 program will be 6,429,358 MWh/year (5.5%),

e Savings from SECQO’s Senate Bill 5 program will be 2,933,310 MWh/year (2.5%),

e Electricity savings from renewable power generation will be 93,479,378 MWh/year (80.2%), and

e  Savings from residential air conditioner retrofits will be 801,581 MWh/year (0.7%).

By 2024, the total integrated OSP savings from all programs will be 347,864 MWh/day, which would be 14,494
MW average hourly load reduction during the OSP. The integrated OSP electricity savings from all the different
programs are:

e  Savings from code-compliant residential and commercial construction will be 35,266 MWh/day (10.1%),
Savings from the PUC’s Senate Bill 7 programs will be 17,615 MWh/day (5.1%),
Savings from SECO’s Senate Bill 5 program will be 8,036 MWh/day (2.3%),
Electricity savings from renewable power generation will be 281,609 MWh/day (81.0%), and
Savings from residential air conditioner retrofits will be 5,337 MWh/day (1.5%).

In 2019 (Table 31), the total integrated annual NOx emissions reductions from all programs are 32,291 tons-
NOXx/year. The integrated annual NOx emissions reductions from all the different programs are:
e NOx emissions reductions from code-compliant residential and commercial construction are 2,099 tons-
NOx/year (6.5% of the total NOx savings),
e NOXx emissions reductions from the PUC’s Senate Bill 7 programs are 1,547 tons-NOx/year (4.8%),

% This assumes air conditioners in existing homes are replaced with the more efficient SEER 13 units, versus an average of SEER 11, which is
slightly more efficient than the previous minimum standard of SEER 10. SEER 14 calculations for existing homes were added from 2019-2024.
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e NOx emissions reductions from SECO’s Senate Bill 5 program are 546 tons-NOx/year (1.7%),
e NOx emissions reductions from renewable power generation are 27,757 tons-NOx/year (86.0%), and
e NOx emissions reductions from residential air conditioner retrofits are 342 tons-NOx/year (1.1%).

In 2019, the total integrated OSP NOx emissions reductions from all programs are 114.42 tons-NOx/day. The
integrated OSP NOx emissions reductions from all the different programs are:

e NOx emissions reductions from code-compliant residential and commercial construction are 6.13 tons-
NOx/day (5.4%),
NOx emissions reductions from the PUC’s Senate Bill 7 programs are 4.62 tons-NOx/day (4.0%),
NOXx emissions reductions from SECO’s Senate Bill 5 program are 1.58 tons-NOx/day (1.4%),
NOXx emissions reductions from renewable power generation are 99.65 tons-NOx/day (87.1%), and
NOXx emissions reductions from residential air conditioner retrofits are 2.43 tons-NOx/day (2.1%).

By 2024, the total integrated annual NOx emissions reductions from all programs will be 49,470 tons-NOx/year.
The integrated annual NOx emissions reductions from all the different programs are:

e NOx emissions reductions from code-compliant residential and commercial construction will be 4,363
tons-NOx/year (8.8% of the total NOx savings),
NOx emissions reductions from the PUC’s Senate Bill 7 programs will be 2,136 tons-NOx/year (4.3%),
NOx emissions reductions from SECQO’s Senate Bill 5 program will be 969 tons-NOx/year (2.0%),
NOx emissions reductions from renewable power generation will be 41,738 tons-NOx/year (84.4%), and
NOXx emissions reductions from residential air conditioner retrofits will be 265 tons-NOx/year (0.5%).

By 2024, the total integrated OSP NOx emissions reductions from all programs will be 173.69 tons-NOx/day. The
integrated OSP NOx emissions reductions from all the different programs are:

e NOx emissions reductions from code-compliant residential and commercial construction will be 12.77
tons-NOx/day (7.4%),
NOx emissions reductions from the PUC’s Senate Bill 7 programs will be 6.38 tons-NOx/day (3.7%),
NOx emissions reductions from SECQO’s Senate Bill 5 program will be 2.81 tons-NOx/day (1.6%),
NOx emissions reductions from renewable power generation will be 149.85 tons-NOx/day (86.3%), and
NOx emissions reductions from residential air conditioner retrofits will be 1.88 tons-NOx/day (1.1%).

Table 28: Final Adjustment Factors used for the Calculation of the Annual and OSP NOx Savings for the Different
Programs

ESL-Single ESLS. EsL 6. BUC (SETYS spcois | Renewables- | SEER134 | SEER/3L4
Family*® Multifamily Commercial (SB7) ERCOT® Single Family | Multi Family
Annual Degradation
Factor 11 2.0% 2.0% 2.0% 5.0% 5.0% 0.0% 5.0% 5.0%
T&D Loss ° 7.0% 7.0% 7.0% 7.0% 7.0% 0.0% 7.0% 7.0%
Initial Di F
nitial biscount Factor - 50,09 20.0% 20.0% 100%  60% /30% 5.0% 20.0% 20.0%
Growth Factor 4.1% 6.1% 5.3% 0.0% 0.0% 8.5% N.A. N.A.
Weather Normalized Yes Yes Yes No No No Yes Yes

Note: For Renewables-ERCOT, the OSP energy consumption is the average daily consumption of the measured data from May 1 to September 30.
In the SECO calculations, a 30% initial discount factor is used from 2019 and before 2019, a 60% initial discount factor was used for the
estimations. SEER 14 calculations were added for 2019-2024 projections.
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ESL-SmgIe ESL-Multifamily ESL-anjmermal PUC-SB7 SECO Renewables- SEER 13/14- SEER 13/14-
Family (MWh/County) Buildings (MWh/PCA) (MWh/PCA) ERCOT Single Family Multifamily
(MWh/County) y (MWh/County) (MWh/PCA) (MWHh/County) (MWHh/County)
A A A J A J A J A J A 4 A J v
A
2016 Annual NOx eGRID
(Projection Emissions Reduction till 2023)
A
Combined Energy and NOx Savings Summary
(All Programs for the 254 ERCOT Counties)
Base year, Projected year and Adjustment factors
Y
Y Y Y Y
NOx Emissions Reduction NOx Emissions Reduction NOx Emissions Reduction NOx Emissions _Reductlon_
by Proaram by Count by SIP Area For ERCOT Counties excluding
yrreg y y y Houston/Galveston Area
Figure 23: Process Flow Diagram of the NOx Emissions Reduction Calculations
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Table 29: Example of NOx Emissions Reduction Calculations using 2016 eGRID
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Table 30: Annual and OSP Electricity Savings for the Different Programs (Base Year 2008)

ANNUAL (MWh)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
ESL-Single Family 0 25,031 47,000 74,109| 153562  215164| 275535  360010|  533473|  722595| 967,082 1212227 1463313| 1,720,666 1984624 2,255535| 2,533,763
ESL-Multifamily 0 50,784|  108018] 200414  332.835|  527,292| 774578 1225617| 1,856,682 2472527 3151,036| 3962565 4,811,210 5699,485| 6,630,048 7,605717| 8,629,478]
ESL-Commercial of 0 24,066 83255 119422 247952 400,015  550947| 696924 850,020 983,858 1104834 1215437| 1330862 1451373 1577,272| 1,708,863
PUC (SB7) of 538841 o76984| 1437883 1831318| 2267414 2,675205| 3079750 3498867| 3844,949 4200108 4,628,168 5026276 5404478 5763770 6,105097| 6,429,358
SEC o 74198| 157524 349,845 512530 713477 1015815| 1019507| 1117717 1206,153| 1402040 1,691,059 1965627| 2,226,467 2474265 2,709,672| 2,933,310
Renewables-ERCOT 0| 3454992 8351,369| 12,158,649| 13,392,752 17,028,343| 18,753,002 20,883,590| 34,193486| 47,055,032 49,700,002| 62,168,032| 67,452,315 73,185762 79,406551| 86,156,108| 93,479,378
SEER13-Single Family 0| 363440 345268  328,005| 311605 296024  281,223| 267,162 253804  241,114] 229,058 217605 206725 196,389 186569  177,241] 168,379
SEER13-Multi Family 0| 30,765 29,227} 21,766 26,377} 25,059 23,806} 22,615 21,485} 20,410 19,390 18,420 17,499 16,624 15,793 15,003 14,253
SEER14-Single Family 0 0 0 0 0 0 0 o 0 o of 663523  630,347| 598830 568888 540444 513421
SEER14-Multi Family 0| 0| 0| 0| 0| 0 0| 0 0| 0 o 136379| 129560 123082  116928| 111,082 105528
Total Annual (MWh) of 4538051 10039456 14,659,025 16,680410| 21,320,725 24,199,269 27,418,208| 42,172,438| 56,502,800 60,661574| 75802,813| 82,918,310 90,502,644| 98,598,809| 107,253,171 116,515,731
OZONE SEASON PERIOD - OSP (MWh/day)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

ESL-Single Family 0 69| 129) 203 421 589) 755 986) 1,462) 1,980) 2,650) 3321 4,009 4,714 5437 6,180) 6942
ESL-Multifamily of 139) 296 549) 912) 1,445] 2,122) 3,358 5,087 6,774 8,633 10,856 13,181 15,615 18,165 20,838 23,642
ESL-Commercial o 0 66| 228 327) 679) 1,096 1,534 1,909) 2329 2,696 3,027 3,330) 3,646 3,976 4,321 4,682
PUC (SB7) [ 1,476 2,677 3,939 5,017 6212 7.330) 8,43 9,586 10,534 11,532 12,680) 13,771 14,807) 15,791 16,726 17,615
SECO o 203 432) 958 1,404 1,955 2,783 2,793 3,062 3,551 3,841 4,633 5,385, 6,100 6,779 7,424 8,036
Renewables-ERCOT o 15,037 26,234 30,736 32,528| 31,695 46,338| 63,604 86,957 96,446| 145063 187,283  203202]  220474] 239,214 250548 281,609
SEER13-Single Family 0 2,582) 2453 2,330) 2,214 2,103 1,998| 1,899 1,803 1,713 1,627) 1,546 1,468 1,395] 1,325 1,259) 1,196
SEER13-Multi Family 0 207 196 187] 177] 168| 160) 152 144 137] 130) 124 118 112) 106] 101] 9|
SEER14-Single Family [ 0 0 0 0 0 0 0 0 0 0 4,337 4,120 3,914 3,718 3,532 3,356
SEER14-Multi Family 0 0 0 o 0 0| 0 0 0 0 0 891 847 804 764 726 690
Total OSP (MWh) 0 19713 32,482 39,130) 43,000 44,846 62,581 82763| 110011  123464|  176,172| 228698 249431 271581  295276| 320654 347,864

Table 31: Annual and OSP NOx Emissions Reduction Values for the Different Programs (Base Year 2008)

ANNUAL (in tons NOx)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
ESL-Single Family 0| 3 8| 15 34 50 65 86 129 224] 320 403 489 577 668 761 856
ESL-Multifamily 0| 4 19| 43 7 127, 190 305 468| 810 1,061 1,333 1,617, 1,914 2,226 2,553 2,896
ESL-Commercial 0] 0 5| 16| 22| 47] 79| 1144 141 229 310 363| 411 461 509 559 611
PUC (SB7) 0) 135 246 362 460 567 669 770 874 1,326 1,410 1,547| 1,677] 1,801 1,018 2,030 2,136
SECO 0] 20| 44 92| 134] 185 267, 269 298| 407| 447 546 639) 728] 812, 892 969
Renewables-ERCOT 0) 951 2,645 3,258 3,561 4,693 5,116 5,683 9,359 24,054] 22,408, 27,757 30,117, 32,677 35,454 38,468 41,738
SEER13-Single Family 0) 86 814 7 73 70| 66| 63| 60| 72| 7] 73| 69| 66| 63| 60| 57|
SEER13-Multi Family 0] u 7] u 6] 6| 6] 5] 5) 6| 6] 6| 6| 5) 5| 5) 5|
SEER14-Single Family 0) 0) 0) 0| 0) 0| 0) 0] 0) 0] 0) 219 208 198 188 178 169
SEER14-Multi Family 0] 0] 0] 0] 0] 0| 0] 0f 0] 0f 0] 44 42| 40 38| 36| 34|
Total Annual (Tons NOx) 0] 1,205 3,054 3,870) 4,369 5,744 6,457| 7,294 11,335) 27,127) 26,039 32,291 35,275 38,467] 41,881 45,541 49,470
OZONE SEASON PERIOD - OSP (in tons NOx/day)
PROGRAM
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

ESL-Single Family 0.00] 0.01] 0.02) 0.04] 0.09] 0.14] 0.18] 0.24f 0.35] 0.62) 0.93] 118 143 1.68 1.94 2.2 2.49]
ESL-Multifamily 0.00] 0.01] 0.05§ 0.12] 0.214 0.35] 0.52) 0.83] 1.28] 2.24 3.09 3.88] 4.70) 5.57| 6.47] 7.42] 8.42|
ESL-Commercial 0.00f 0.00] 0.01] 0.04] 0.06] 0.13] 0.22) 0.314 0.39] 0.64 0.91] 1.07| 1.22) 1.3 1.54 1.70| 1.87]
PUC (SB7) 0.00] 0.37] 0.67} 0.9 1.26] 1.55f 1.83] 2.1 2.39] 3.79) 4.21] 4.62] 5.01f 5.38] 5.73| 6.07} 6.38]
SECO 0.00f 0.05] 0.12f 0.25] 0.37| 0.51] 0.73| 0.74f 0.82) 114 1.30 1.58] 1.85) 2.1 2.35) 2.58 281
Renewables-ERCOT 0.00| 4.15] 7.53 8.42) 8.91f 9.03 12.87| 17.55) 24.11 50.25| 78.80| 99.65| 108.13] 117.32 127.29) 138.11 149.85]
SEER13-Single Family 0.00] 0.60] 0.57] 0.54] 0.52] 0.49 0.47] 0.44 0.42] 0.52] 0.59| 0.56] 0.53] 0.50] 0.48f 0.45] 0.43f
SEER13-Multi Family 0.00f 0.0 0.05( 0.04| 0.04f 0.04| 0.04 0.04 0.03| 0.04{ 0.0 0.04{ 0.04| 0.04{ 0.04| 0.04{ 0.03
SEER14-Single Family 0.00] 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00} 0.00] 0.00} 0.00] 153 1.45| 1.38) 1.31] 1.24) 1.18]
SEER14-Multi Family 0.00] 0.00] 0.00] 0.00| 0.00] 0.00 0.00 0.00] 0.00 0.00 0.00 0.31 0.29 0.28 0.26 0.25 0.24
Total OSP (Tons NOx) 0.00 5.24] 9.03 1045 11.46] 12.23 16.85] 22.26] 29.80] 59.21] 89.87 114.42] 124.65| 135.63| 147.41 160.07| 173.69

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 108

OSP NOx reduction levels

250

225

200

175

150

125

100

75

Tons/Ozone Season Day

50

25

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

DESL-Single Family B ESL-Multifamily B ESL-Commercial OPUC (SB7) BSECO
BSEER13-Single Family ~ 0SEER13-Multi Family OSEER14-Single Family =~ @SEER14-Multi Family DRenewables-ERCOT

Figure 24: Integrated OSP NOx Emissions Reduction Projections through 2024 (Base Year 2008)
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Figure 25: Integrated OSP Individual Programs NOx Emissions Reduction Projections through 2024 (Base Year
2008)
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6 2019 Year Activities of Energy Systems Laboratory (ESL) for Texas Emissions Reduction Plan
6.1 1C3 Texas Building Registry (TBR)

6.1.1 Background

In 2008, the 81°t Texas Legislature amended the Texas Administrative Code (TAC .§388.008, 2009) to develop a
Registry of Above-Code homes. The ESL built the first version of the Registry in 2009. This preliminary version
allowed to provide basic metrics on usage of the ESL’s above code calculators, IC3%” and TCV.*# By running reports
against the calculator’s databases, the ESL could determine calculator usage by month for Texas’ cities and
counties. These reports allowed a better understanding of how builders were adopting the calculators across the
State, which helped to improve the calculators. In 2019, the reports continued and numbers were gathered. Figure 26
shows the projects issued each month from January to December 2019. The projects are differentiated by the basic
types, IECC performance path and ERI path. Figure 27 shows the cumulative users and projects through 2019. The
data are only valid for IC3 version 4, and so the counts begin from September 2015. The largest adopter of the IC3
software was the North Central Texas Council of Governments (NCTCOG) area, closely followed by the Austin-
San Antonio corridor, see Figure 28. Only counties with at least 10 new projects in 2019 are included in the chart.
Figure 29 shows the certifications issued by city in 2019. Only those cities with at least 50 new projects are shown
on the chart.

Number of Projects by Month and Type for 2019

1000 BN ERI Projects
800 Il ECC Projects

600
400
200

Number of Projects

Month

Figure 26: 1C3 2019 Projects

%" International Code Compliance Calculator, a web based, above code calculator for single family, detached, new construction in Texas.
% Texas Climate Vision, a web based, above code calculator for single family, detached, new construction in Austin Energy’s service area.
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Figure 27: 1C3 2019 New Certificates
Number of New Projects by County for 2019
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Figure 28: 1C3 2019 Certificates — Counties with at least 10 Certificates

Number of New Projects by City for 2019
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Figure 29: 1C3 2019 Certificates — Cities with at least 50 Certificates
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6.1.2  Texas Building Registry Current Version

As illustrated below and in the “Report on the Development of the Format for a Texas Residential Registry (Gilman,
et al., 2008), the underlying database was optimized for supporting the IC3 and TCV calculators and therefore
needed a transformation to allow for seamless reporting. Consequently, the ESL has been steadily adding reporting
capability and has been making software changes to reflect the new reporting requirements and analysis capabilities.

The underlying technology of the IC3 and TCV calculators is Microsoft SQL Server 2016. This product offers
reporting capabilities through various tools.

Figure 30 shows the “layout” of the IC3 (v3.x and above) and TCV? (v1.1) databases. It gives a rough overview of
the different tables (called “entities”) found in the IC3 database. The center entity is the project, which is the center
of the 1C3 software’s abstraction of a house. The other tables include floors, walls, electrical, and systems.

% The TCV v1.1 database has different fields due to the built-in inspection module and the fact it was completed two years earlier than the
described IC3 v3.6.
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Figure 30: Database Schema
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6.1.3  Usage Reports

Figure 27 in Section 6.1.1 shows the correlation between users and their successful projects (i.e. those that generate
certificates). The graph shows that users were generating more projects, and were doing so at a much faster rate than
the rate of adding new users.

Table 32 shows where the usage was using Counties as the grouping entity. The North Central Texas Council of
Governments (NCTCOG) led the way in usage during 2019.

Table 32 Counties Generating 1C3 Certificates in 2019

County Name January | February March April May June July August [September| October | November| December
ANDERSON 1
AUSTIN 1
BASTROP 1 1
BEXAR 31 1 13 3 5 27, 8 4 5 6
BLANCO 1
BRAZORIA 1
BRAZOS 7| 18 13 22 7 15 12] 8 9 17| 16| 5
BURNET 1 1 1
CALDWELL 1 1
CAMERON 1
COLEMAN 1
COLLIN 40 50) 64 56 80 71 81 68 67 41 73 83
COMAL 15
COOKE 1 1
DALLAS 110 103 169 152 93 95 149 122 104 134 98 89
DENTON 34 31 28 44 76 76 41 61 80 67 53 76
ELLIS 7 19| 10 11] 17 25 15| 21 8 13| 20 7
ERATH 2
FORT BEND 2 2
FREESTONE 1
GALVESTON 3 2 2 2 1
GILLESPIE
GRAYSON 18 12| 22 3 18 8| 11] 10 12 15| 6 10|
GREGG 1 4
GUADALUPE 2 1 3 3 3 1
HARRIS 99 56 113 60 82 51 81 44 49 66 58 72
HAYS 1 1 1 1 1 2
HENDERSON 5 1 3 5 4 5 6 2 1
HIDALGO 2
HOOD 1 2 7 5 9 8 4 10 16 9 10 8|
HOPKINS 1 1 11
HUNT 7 8 3 5 14 9 20 7 6 6 13 5
JEFFERSON 1 1 1 1
JOHNSON 22 24 10 15 22 9 10 20 25 15 10 4
KAUFMAN 21 13 13 31 18 22 49 11 10 43 24 12
LIBERTY 14 2 14 6 4
LLANO 1 1 1
MASON 1 2 1 1
MCLENNAN 4 1 2 1
MEDINA 1 1
MIDLAND 1 1
MONTAGUE 2 1 1
MONTGOMERY 1 1 1 1 1
NAVARRO 1
NUECES 19 16 14 14 13 15 8 9 18 23 16 26
PALO PINTO 1 1 2
PARKER 16 10 20 26 5 14 15 34 14 29 18 18
POTTER 1
RAINS 1
ROCKWALL 1 6 2 16 12 16 8 6 3 10| 2 5
SAN PATRICIO 2 2 1 1 2 2 1
TARRANT 152 168 174 257 186 204 188 116 127 180 142 84
TAYLOR 1
TRAVIS 225 161 139 93 144 186 145 110 48 91 54 165
VAN ZANDT 1 1 1
WALKER 1
WALLER 1 2
WILLIAMSON 1
WISE 2 4 3 3 4 8 10 3 7 5 4 5
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6.1.4  Parameter Reports

A unique and valuable use of the Registry is to look at building trends across the State. Appendix C shows the
yearly average parameter values by county.

This report shows the yearly average wall cavity insulation distribution in Texas for 2019. The colors in the figure
show the relevant insulation values.

Wall Cavity Insulation Distribution from all Projects
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Figure 31: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (All Projects)
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Wall Cavity Insulation Distribution from Submitted Projects
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Figure 32: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (Submitted Projects)

Wall Cavity Insulation Distribution from Passed Projects
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Figure 33: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (Passed Projects)
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This report shows water heater efficiencies across Texas in 2019

Electric DHW Energy Factor Distribution from all Projects
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Figure 34: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (All Projects)

Electric DHW Energy Factor Distribution from Submitted Projects
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Figure 35: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (Submitted
Projects)
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Electric DHW Energy Factor Distribution from Passed Projects
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Figure 36: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (Passed Projects)

NGas DHW Energy Factor Distribution from all Projects
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Figure 37: Yearly Average NGas Water Heater Energy Factor Distribution by County in 2019 (All Projects)
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NGas DHW Energy Factor Distribution from Submitted Projects
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Figure 38: Yearly Average NGas Water Heater Energy Factor Distribution by County in 2019 (Submitted Projects)

NGas DHW Energy Factor Distribution from Passed Projects
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Figure 39: Yearly Average NGas Water Heater Energy Factor Distribution by County in 2019 (Passed Projects)
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Heat Pump DHW Energy Factor Distribution from all Projects
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Figure 40: Yearly Average Heat Pump Water Heater Energy Factor Distribution by County in 2019 (All Projects)

Heat Pump DHW Energy Factor Distribution from Submitted Projects
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Figure 41: Yearly Average Heat Pump Water Heater Energy Factor Distribution by County in 2019 (Submitted
Projects)
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Heat Pump DHW Energy Factor Distribution from Passed Projects
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Figure 42: Yearly Average Heat Pump Water Heater Energy Factor Distribution by County in 2019 (Passed
Projects)
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This report shows the average A/C SEER across Texas in 2019. The efficiency (and sizing) of air conditioning is a
vital component of energy efficiency in Texas.

A/C SEER Distribution from all Projects
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Figure 43: Average A/C SEER across Counties in 2019 (All Projects)
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AJIC SEER Distribution from Submitted Projects
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Figure 44: Average A/C SEER across Counties in 2019 (Submitted Projects)

A/C SEER Distribution from Passed Projects
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Figure 45: Average A/C SEER across Counties in 2019 (Passed Projects)
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This report shows the average ceiling insulation across Texas in 2019.
Ceiling Insulation Distribution from all Projects
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Figure 46: Average Ceiling Insulation across Counties in 2019 (All Projects)

Ceiling Insulation Distribution from Submitted Projects
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Figure 47: Average Ceiling Insulation across Counties in 2019 (Submitted Projects)
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Ceiling Insulation Distribution from Passed Projects
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Figure 48: Average Ceiling Insulation across Counties in 2019 (Passed Projects)
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This report shows the average heating efficiency across Texas in 2019.

NGas Heating Efficiency Distribution from all Projects
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Figure 49: Average NGas Heating Efficiency across Counties in 2019 (All Projects)
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Figure 50: Average NGas Heating Efficiency across Counties in 2019 (Submitted Projects)
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NGas Heating Efficiency Distribution from Passed Projects
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Figure 51: Average NGas Heating Efficiency across Counties in 2019 (Passed Projects)

Heat Pump Heating Efficiency Distribution from all Projects
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Figure 52: Average Heat Pump Heating Efficiency across Counties in 2019 (All Projects)
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Heat Pump Heating Efficiency Distribution from Submitted Projects
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Figure 53: Average Heat Pump Heating Efficiency across Counties in 2019 (Submitted Projects)

Heat Pump Heating Efficiency Distribution from Passed Projects
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Figure 54: Average Heat Pump Heating Efficiency across Counties in 2019 (Passed Projects)
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This report shows the average SHGC across Texas in 2019.

SHGC Distribution from all Projects
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Figure 55: Average SHGC across Counties in 2019 (All Projects)
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Figure 56: Average SHGC across Counties in 2019 (Submitted Projects)
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SHGC Distribution from Passed Projects
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Figure 57: Average SHGC across Counties in 2019 (Passed Projects)
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This report shows the average U Factor acorss Texas in 2019. The U Factor applies to the heat transfer of a window
caused by temperature, no direct solar radiation.

U-Factor Distribution for all Projects
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Figure 58: Average U Factor across Counties for Single-Family Homes in 2019 (All Projects)
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Figure 59: Average U Factor across Counties for Single-Family Homes in 2019 (Submitted Projects)
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U-Factor Distribution for Passed Projects
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Figure 60: Average U Factor across Counties for Single-Family Homes in 2019 (Passed Projects)

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 132

6.2 IC3 Enhancements

IC3 is continuously being enhanced since 2009 released Version 3.5.2 to 2017 released Version 4.3.1. Numerous
enhancements have been made and are detailed out in section 6.2.1 and section 6.2.2.

6.2.1  History of IC3 version 3 Enhancements
Most of the enhancements that are being added to 1C3 in recent years are summarized next:

In Version 3.5.2 (November 2009)
e Three code choices: IECC 2009, IECC 2006 (with Houston Amendments) and IECC 2000/2001.
e Duct insulation values
e Improved input of overhang values to allow for just inches

In Version 3.6.1 (December 2009)

Foundations

Opt out of emails

Copy a project

Moved orientation from Floors tab to Project Information

In Version 3.6.2 (April 2010)

Fixed defect in 2nd Floor, Back Window issue

Reference A\C tonnage matches the proposed A\C tonnage.
Updated model

Updated illustrations

In Version 3.7.x (June 2010)
e  Simple multi-family code compliance
e Updated model
a. Floor Insulation R-Value
b. Four foundation types
e Updated illustrations
e Updated manual

In Version 3.8.x (September 2010)
e Fixed default of Multi-family Units to be “Ducts in Conditioned Space” to YES
e Fixed wrong IECC code version on certificate
e Enhanced input screens by moving several fields from Units to Floor
e Plans

In Version 3.9.x (October 2010)
e Added slab insulation
e Updated the manual

In Version 3.10 (September 2011)
e Three IECC 2009 compliant reports (i.e. energy, inspection list, and certificate)
e Paging enhancements on “My Page” to help organize large quantities of projects.
e  Multi-family usability increased with Plan/Unit information being displayed on pages.
e Elimination of flash animation (so we will become iPad compatible).
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Updated/expanded help text.
Updated illustrations.
Tweaked min/max values on duct insulation, water heaters.

In Version 3.11 (December 2011)

Added support for IECC 2009 Austin Amendments

In version 3.12.x (January 2012)

Deprecated 2000/2001 and 2006 Houston Code.

Added a button to generate Energy Report w/ a signature line. The original energy report still exists
Improvements in the algorithm

Help images/ text updated

Updated manual

In version 3.13.x (August 2013)

Added Manual J.
Added 2009 NCTCOG code. This is the 2012 IECC w/ NCTCOG amendments. It is slightly less stringent
than the base 2012 code and is optimized for climate zone 3.

In version 3.14.x (March 2015)

Added 2012 AE Code.

Added heat-pump water heater option
Added sealed attic option.

Revised energy report to make it clearer

6.2.2  History of IC3 version 4 Enhancements

Version 4.0 (June 2015)

Initial release
Originally has only 2015 IECC single-family

Version 4.0.1 (July 2015)

The original version (4.0) printed the logged-in user’s name, phone number, and email address in the builder’s
fields on the certificate and energy report. These can now be overridden on a project-by-project basis. The
new input fields on the left side of the screen are now the values that will be printed on the certificate and
energy reports.
The project notes will now appear on the Energy Report. Due to spacing issues, only the first 60 characters
will be printed. If the project notes are longer, they will be truncated in the energy report.
On a user’s main user screen (the one immediately after login that lists all of your projects), a button has been
added to the top: ‘Edit User Information’. This button allows you to edit the logged-in user’s contact
information that you entered when registering on the site.
On a user’s main user screen (the one immediately after login that lists all of your projects), a button has been
added to the top: ‘Import Project from I1C3 version 3.x *. Several users have requested the ability to ‘import’
projects from the old version of IC3. This is now possible. Users will be prompted to enter their IC3 version
3.x credentials and select a project to import. Only single-family project import is available at this time.
0 The user will be prompted for a new project name, project address, and orientation (just as when
you are copying an existing project from version 4.x).
o0 Aside from these fields, the project is copied without alteration except that the code is changed to
IECC 2015. Of course, there is no guarantee that a project that passes 2009 or 2012 will still pass
2015 without some modifications.
Some rounding issues on the energy report have been fixed.
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In version 4.0.2 (April 2016)
e Clean up of some error messages

e Revised attic model to give better results
e The webpage will now check that the house meets the minimum fresh air standards as given by the IRC and
will post an error message upon submission if it does not meet the minimum standards.

In version 4.1 (September 2016)
e Added ERI calculation mode

In version 4.1.1 (September 2016)
e Some bug fixes

In version 4.1.2 (October 2016)
e  Altered appliance energy calculation for ERI

In version 4.2 (October 2016)
e Added NCTCOG 2015 IECC amendment to list of codes

In version 4.3 (March 2017)
e Added 2015 Austin Energy Amendments to list of codes

e  Altered the duct model to improve accuracy

In version 4.3.1 (July 2017)
e Added NCTCOG 2015 ERI amendment to list of codes

In version 4.4 (July 2019)
e Updated weather files. This increases the temperature slightly and will increase energy usage in the
summer monthse
e Major update of ERI calculation to reflect the changes made to RESNET HERS rating algorithm.
Importance: The amount of calculation needed for this calculation has more than doubled. An ERI
calculation will now take up to 1 minute to complete

In version 4.4.1 (July 2019)

e Bug Fixes
In version 4.4.3 (July 2019)
e Bug Fixes

In version 4.5 (September 2019)
e Added IECC 2018 code support

e Added support for tankless NGas DHW
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6.2.3  Changes in Single-Family Input File

There have been two major version changes according to the changes in the Single-Family Input file since the 2012
annual simulations. Table 33 presents the summarized description of the changes in Single-Family Input file since
the 2012 annual simulation.

Table 33: Changes in Single-Family Input file

BDL Description DEILS
Version P Modified
4.01.08 | BDL used for the 2012 annual report. 03/10/2011
4.01.09 | Added sensible and latent components for equipment heat gain. 07/31/2013
4.01.10 | Added special construction for knee wall. 08/27/2013

Corrected plywood layers for floor.

Corrected construction for floor-over-ambient conditions.

Added heat-pump water heater module. 10/20/2013

Corrected layers for cathedral ceiling. 12/11/2013
4.01.11 | Added option to include attic volume in conditioned space in case of sealed attic. 05/29/2014

Added option for roof insulation to go over roof studs. 04/09/2014
4.01.12 | Added option to include mixed ceilings for sealed attics. 10/28/2014
4.01.13 | Natural ventilation module. 02/04/2015
4.01.14 | Updated to match spec sheet version 4.01.14. 04/08/2015

Fixed bug in tcv schedules. incorporated provision for heat-pump dhw heater. 06/16/2015
4.01.15 | Corrected total room volume to include attic volume for different roof types. 10//22/2015
4.01.16 | Modified setback schedule for thermostat schedule based on resnet 301-2014. 07/28/2016
4.01.17 | Changed supply and return duct r-value= p-rsupply/p-return = [p-supplyductr[] + 04/09/2019

0.5])/[p-returnductr[] + 0.5].

Change[p-atticfla[] egs 0] to [p-atticfla[] eq 0]. 04/09/2019

4.02 Changed the bdl name from ver 4.01.17 to ver 4.02 05/13/2019

Added sensible and latent components for equipment heat gain

In order to incorporate the HERS Index calculations in 1C3, it became necessary to elaborate the input for lighting,
equipment and occupants.“® Equipment loads were now divided into sensible and latent components. Two new
parameters were added in Version 4.01.09 to incorporate the sensible and latent components of the equipment load.

401t should be noted that loads from occupants were included in the loads for equipment.
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Added special construction for knee wall

In BDL Version 4.01.10 specifications were added to represent knee wall construction. Previous versions of the
BDL did not have a separate entry for knee wall construction. Specifications for exterior wall construction was used
to represent construction for knee walls.

Corrected plywood layers for floor

In BDL Version 4.01.10 specifications for floor construction was modified to better account for standard practice.
Previous versions of the BDL had thinner layer of plywood specified. The current version specifies a more
appropriate thickness of plywood used in the construction of floors, which include floors over basements and crawl
spaces.

Corrected construction for floor over ambient

In BDL Version 4.01.10 specifications for floor-over-ambient construction was created. Previous versions of the
BDL used specifications for ceiling insulation for floor-over-ambient conditions. The current version appropriately
incorporates floor insulation in floor-over-ambient construction. The specification in the BDL limits the thickness of
floor insulation to the thickness of floor studs input in the model.

Added heat-pump water heater module

In BDL Version 4.01.10 specifications for heat-pump water heaters were added. These specifications include the
addition of the heat-pump option as an option available in the BDL to be modeled as a DHW type. When the heat-
pump option is selected, several inputs are now modified by the software team. These include values for energy
input ratio (DHW-EIR) and heat rate (DHW-HEAT-RATE). The equation for converting EF to COP is adopted
from the specifications in EnergyGauge USA (Version 3.1.02).

DHW-EIR = 1/COP = 0.781/(EF)

The heat rate values of 7,700 Btu/hr are adopted from EnergyGauge regardless of the size of the tank.*
In addition, the curves used for the energy input ratio as a function of part load ratio are the same curves that are
used for heat pump space heating obtained from Henderson et al. (2000).4

Corrected layers for cathedral ceiling

In BDL Version 4.01.10 specifications for the cathedral ceiling were added to the BDL. The modification included
providing a separate entry in the BDL for cathedral ceiling insulation. Previous versions of the BDL used ceiling
insulation for cathedral ceilings.

Added option to include attic volume in conditioned space in case of sealed attic
In BDL Version 4.01.11 modifications were made to include attic volume in conditioned space in the case of sealed
attic was simulated. The modifications were made to “‘ROOM’ space conditions.

No major changes to the input file were made in 2019.

“1 Email correspondence with Jeff Myron, EnergyGauge Technical Support (10/18/2013).
42 Henderson, H., D. Parker, Huang, Y. (2000). Improving DOE-2’s RESYS Routine: User Defined Functions to Provide More Accurate Part
Load Energy Use and Humidity Predictions. Presented at the 2000 ACEEE Summer Study on Energy Efficiency in Buildings, Pacific Grove, CA.
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6.3  Laboratory’s TERP Web Site “esl.tamu.edu/terp”

Since the fall of 2001, the Laboratory has maintained a TERP webpage, where information is provided to builders,
code officials, the design community and homeowners about TERP. In 2019, the Laboratory redesigned its website
to make navigation easier. On the navigation bar is a tab that links to the TERP homepage (Figure 61). The
homepage contains the following items:

e Texas Emissions Reduction Program
e  Texas Work
0 TERP Objectives
0 TERP Elements
0 ESL’s TERP Responsibilities
0 Texas Energy Summit
e National Work
o National Center of Excellence on Displaced Emission Reductions (CEDER)
o Our Work
= EPA Recognizes ESL and Dallas Partners

The TERP tab also contains a dropdown menu which provides links to the following sections

e History
e Code Compliance Calculator
o IC3

= City Amendments to the State Energy Code
o City of Austin
o City of Houston
¢ North Central Texas COG
= Resources
e |C3 User Manual

e |IC3 Release Notes
e RESNET Validation Report

e FBIIC3 Unit
e Aggregate Reports from IC3
= FAQs
e Data
0 Texas Building Registry
= |C3 Usage
= |C3 House Construction
o Weather

e Letters and Reports
0 Legislative Documents

EPA/CEDER Work
Builders Information
Reports — listed by year from 2002-2020
Presentations
e Workshops
o International Code Compliance Calculator
o ASHRAE
0 IECC Commercial Energy Code Training

o
o
(0}
(0}
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0 |ECC Residential Energy Code Training
o Continuous Commissioning

e TERP Links

o0 International Code Compliance Calculator (IC3)

O OO0 O0OO0OO0OO0OOoOOo

[EES

TERP

History

Code Compliance
Calculator

1C3
Data
Texas Building Registry
IC3 Usage

IC3 House
Construction

Weather
Letters & Reports
Legislative
EPA CEDER
Builder's Info
TERP Reports
2019 - 2020
2017 - 2018
2015 - 2016
2013 - 2014

2011 - 2012

Public Utility Commission of Texas (PUC)

U.S. Department of Energy (DOE)

Texas State Energy Conservation Office (SECO)

U.S. Environmental Protection Agency (EPA)

International Code Council (ICC)

American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE)
North Central Texas Council of Governments (NCTCOG)

Alamo Area Council of Governments (AACOG)

Circle of Ten

ENERGYSYSTEMSLAB’('J:RATUFRY—W HOME = ABOUT"™TERP - CC® IAC - REEL CONFERENCES

TEXAS A&M ENGINEERING EXPERIMENT STATION

Texas Emissions Reduction Program

In 2001, the ESL was assigned an important role in the implementation of state energy standards
and assistance with calculation of emissions reduction benefits from energy efficiency and
renewable energy initiatives as part of the Texas Emissions Reduction Program (TERP). The TERP
group is dedicated to building energy modeling, building energy efficiency, and emissions
reductions. The majority of this work is funded via the State of Texas as described below. However,
some work is conducted at a federal level.

Texas Work

In 2001, the 77th Legislature passed Senate Bill 5 (SB5) defining the Texas Emissions Reduction
Plan (TERP).

Objectives

s Ensure that air in Texas meets the Federal Clean Air Act requirements as defined by the EPA

* Reduce Nitrous Oxides (aka NOx) emissions in non-attainment and near-non-attainment
counties through mandatory and voluntary programs, including the implementation of energy
efficiency and renewable energy programs (EE/RE)

Elements

s A diesel emissions reduction incentive program

* A motor vehicle purchase or lease incentive program
* A new technology research and development program
* An energy efficiency grant program

* A statewide Texas Building Energy Performance Standard (TBEPS) which defines the building
energy code for all residential and commercial buildings

Figure 61. TERP Home Page

November 2020

Energy Systems Laboratory, Texas A&M University System




EEs

TERP

History

Code Compliance
Calculator

1C3
Data
Texas Building Registry
1C3 Usage

IC3 House
Construction

Weather
Letters & Reports
Legislative
EPA CEDER
Builder's Info
TERP Reports
2019 - 2020
2017 - 2018
2015 - 20186
2013 - 2014
2011 - 2012

2009 - 2010

2019 TERP Report, Vol. I, p. 139

ENERGY SYSTEMS LABORATORY HOME  ABOUT™TERP - C IAC - REEL CONFERENCES
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Legislative Documents

Highlights of our activities can be found in our legislative testimony.

Below are documents prepared by the Energy Systems Laboratory to fulfill TERP Legislative
Objectives. The ESL also conducts stringency reviews of the latest published editions of building
energy codes in comparison to the Texas Building Energy Performance Standards (TBEPS), for
consideration for adoption by the State Energy Conservation Office (SECO).

* Nov 2014 Final recommendation to SECO, including stringency analysis & review of public
comments, regarding the 2015 IRC, Chapter 11, and the 2015 vs. the 2009 IECC codes

* Aug 2014 Letter to SECO regarding the stringency of the 2015 IRC, Chapter 11, and the 2015
vs. the 2009 IECC codes

* Aug 2012 Final recommendation to SECO, including stringency analysis & review of public
comments, regarding the 2012 IRC, Chapter 11, and the 2012 vs. the 2009 IECC codes

s Aug 2012 Detailed stringency analysis of suggested amendments to Chapter 11 of the 2012
IRC and the 2012 IECC that were submitted to SECO during March 30-April 30, 2012 comment
period ESL-TR-12-08-01

* Dec 2011 A Comparison of Building Energy Code Stringency: 2009 |ECC vs. 2012 IECC for
Commercial Construction in Texas. Revised Jul 2012 ESL-TR-11-12-07

* Dec 2011 A Comparison of Building Energy Code Stringency: 2009 IRC vs. 2012 IRC for Single
Family Residences in Texas. Revised Aug 2012 ESL-TR-11-12-05

s Dec 2011 Letter to SECO regarding the stringency of the 2012 IRC, Chapter 11, and the 2012
IECC vs. the 2009 codes

* Oct 2011 Letter to DOE in response to Building Energy Codes Cost Analysis notice in Federal
Register

* May 2011 General Memo and Information on 15% Above-code Energy Efficiency Measures for
Residential Buildings in Texas Regarding the 2009 codes

Figure 62: TERP —Legislative Documents
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E‘ﬁ ENE“GYSYSTEMSLABQ-RATO'RY” HOME  ABOUT"™™TERP - CC® IAC - REEL CONFERENCES

TEXAS A&M ENGINEERING EXPERIMENT STATION

TERP TERP Links

History

The Energy Systems Laboratory is honored to work with the following agencies, organizations and

St i offices at the local, state, and national level.

Calculator
e International Code Compliance Calculator
Data Public Utility Commission of Texas
Texas Building Registry U.S. Department of Energy
€3 Usage Texas State Energy Conservation Office
IC3 House U.S. Environmental Protection Agency

CoHEkruetion International Code Council

Weather American Society of Heating, Refrigeration and Air-Conditioning, Engineers
Letters & Reports North Central Texas Council of Governments

Legislative Alamo Area Council of Governments

CPA CEDER Circle of Ten

Builder’s Info

TERP Reports
2019 - 2020
2017 - 2018
2015 - 2016
2013 - 2014

2011 -2012

2009 - 2010

Figure 63: TERP Links

In addition, the Energy Systems Lab. (ESL) also hosted the Texas Energy Summit (previously Clear Air Through
Energy Efficiency Conference (CATEE)). The Texas Energy Summit website and information are linked in the
menu of the Conference tab in the ESL website.
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6.4  Activities of Technical Transfer

6.4.1  Technical Assistance to the TCEQ

The Laboratory received dozens of calls per week from code officials, builders, home owners and municipal
officials regarding the building code and emissions calculations. A file of these transactions is maintained at the
Laboratory.

The Laboratory provides technical assistance to the TCEQ, PUC, SECO and ERCOT, as well as Stakeholders
participating in a number of conferences and presentations. In 2011, the Laboratory continued to work closely with
the TCEQ to develop an integrated emissions calculation, which provided the TCEQ with a creditable NOx
emissions reduction from energy efficiency and renewable energy (EE/RE) programs reported to the TCEQ in 2005,
2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019 by the Laboratory, PUC,
SECO, and Renewables-ERCOT.

The Laboratory has and will continue to provide leading edge technical assistance to counties and communities
working toward obtaining full SIP credit for the energy efficiency and renewable energy projects that are lowering
the emissions and improving the air for all Texans. The Laboratory will continue to provide superior technology to
the State of Texas through efforts with the TCEQ and US EPA. The efforts taken by the Laboratory have produced
significant success in bringing EE/RE closer to US EPA acceptance in the SIP.

6.4.2  Code Training

Section 388.009 of HB 3235 requires the Laboratory 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
originally developed the Energy Code Workshops which were based on the 2006 International Energy Conservation
Code (IECC) as published by the International Code Council (ICC) for residential and commercial buildings, with
amendments. Since then, the Laboratory has updated the workshops to the 2015 IECC, and developed 2018 code
workshops.
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6.4.3 ASHRAE Winter Conference Standards Committee Activities in Atlanta, Georgia, January 12-
16, 2019

The following sections are the minutes and transactions of Standards Committee activities at the ASHRAE Winter
Conference in Atlanta, Georgia, Jan 12 to Jan 16, 2019.

6.43.1 ASHRAEHC

£\
.~

HISTORICAL COMMITTEE
Sunday, January 13, 2019
8:30 a.m. — 12:00 p.m.
2019 Winter Conference, Atlanta
Omni Hotel, Hazelnut (3™ floor, North Tower)

COMMITTEE MEMBERS
Voting Members: Region Historians:
Bruce L Flaniken, Chair Stanley M Westhoff, Region |
Stanley M Westhoff, Vice Chair Robert Thomas Pollard, Region 1l
Peggy ] Fritz Gary C Debes, Region 11l
Pamela Immekus Maurice Richard Harrison, Region IV
Lindsey King Lane D Snowberger, Region V
Dr Ahmed Alaa Eldin Mohamed, PhD Sherman M Sweeney, Region VI
Bernard A Nagengast Benjamin (Drew) Godfrey, Region VI
Eric Sturm Charles D Stoabs, Region VilI
Branislav B Todorovic, PhD Gary L Cooper, Region IX
Diean Borges, Region X
BOD Ex-Officio: Douglas B LeCren, Region X1
Dr Ahmed Alaa Eldin Mohamed, PhD John S Davant, Region XI1I
Siew M Leong, Region Xl
Coordinating Officer: Andreas Triantafyllopoulos, Region XIV
Dr Julia A Keen, PE Prof Atilla Biyikoglu, PhD, RAL
AGENDA
1. Al D OTOEE e Flaniken, Chair
2. Introduction of Members and Visiors ... Flaniken

2.1 2018-2019 Historical Committes Roster (Attachment A)

3. ASHRAE Code of Ethics COmMMIEIMENT. .. ..o e e m s se s emss s Flaniken
In this and all other ASHRAE meetings, we will act with honesty, fairness, courtesy, competence,

www.ashrae.org/historical

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 143

integrity and respect for others, and we shall avoid all real or perceived conflicts of interests.
(5ee full Code of Ethics: https:/fwww ashrae org/about-ashraefashrae-code-of-ethics.)

3. Review of Agenda ... FlANTRED
4. Approval of Houston Minutes [Attachment B) ..o eee e eeeeeen o E AN REN
5. Review of Motions from Previous Meeting (Attachment C) ..o Flaniken
6. Review of Action ltems. .. S ... Flaniken
Action Item: check re truncation on fu:nrms fur HaII Df Fame, Ploneers of the Industry . Sigman
7. New BUSINESS oo FIANTRET
7.1 BOD Ex-Officio Comments ... e D Alaa
7.2 Review progress on 125%™ Anniversary Projects (Attachment D)........o.coooevoooooeoooo.... N@gengast

7.3 ASHRAE Historical Marker Pilot Project (Attachment E) ..o ...Flaniken

7.4 Chapter Historian access to bios of members of the Region........ooco oo Flaniken
Members Council referral to Historical Committee {Attachment F)

7.5 Discuss PAQE recommendations for Historical (AttachmentG) ... Flaniken
7.6 Review History Committee MBO e eee e e eme e en s e s meemeeene BT KET

7.7 Review Vice-Chair Report on History Committee All Regions PAOE Results to date ....Flaniken
Final report due at Annual meeting

7.8 Discuss how to provide better information/encourage growth. ... Flaniken
Process to get better information and to encourage growth for Region and Chapter Historians
using, i.e., Gold Ribbon Awards, Participation to Minimum and Par Values of PAOE

7.9 Adjustment of HC sub- committes Assignments ..o e FlANTREN

7.10 Develop a Chapter Historian Training PowerPoint .. ..Flaniken
Create an Introductory PowerPoint with Screen shots uf the Relevant HC ASH RAE webmte pages

7.11 Discuss possible changes to HC PAOE Points for Mext year._.._._____._._____Flaniken, Committee
8. BUJOUIT 1ottt ot eam s e e e et e ee st n st e e esments s e smsemsemermsemeenenneennennes [ IBTTKETE
2

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 144

6.43.2 ASHRAE BIM MTG

ASHRAE Shaping Tomorrow’s

Built Environment Today
1791 Tullie Circle, NE - Atlanta, Georgia 30329-2305 - Phone: 404.636.8400 - Fax: 404.321.5478 - www.ashrae.org

Agenda for —- BIM MTG
Winter Meeting. Atlanta, Georgia
Monday January 14, 2019
MTG Building Information Modeling (BIM)
Monday, 10:15 am — 12:00 pm, Omni Hotel at CNN Center, M3, North Tower, Walnut

Call to Order

Roll Call

Approval of Houston Summer (Tune 2018) Meeting Minutes

Chair’s Remarks

Roster Update

SPC-224 (Standard for the Application of Building Information Modeling }— Dennis
Knight

7. gbXML - Roth

8. Research—

a. RP-1801 -Gotshall (Standardizing and Utilizing ASHRAE Online BIM Data
Exchange Protocols) — cosponsoring with TC 1.5 as primary (7.1 as cosponsor as
well)

b. WS 1815 (Integrating Occupant Behavior Data into Building Information Models
Jor Performance Simulation)

c. New ideas?

9. Program Proposals — Discussion

a. KC relevant tracks: Fundamentals, Optimization in HVACE, Commisioning new
and existing buildings, Modeling thronghout the building life cycle

b. Building Performance Analysis Conference (Sept 25-27 Denver)

c. Orlando Feb 2020 relevant tracks: Fundamentals. Cutting Edge Approaches,
Standards guidelines and codes

10. US TAG to ISO/TC 59/5C 13/WG13

a. TC 39 1s the “Buildings and Civil Engineering Works™ technical commuttee and
currently consists of © subcommittees including SC 13 which is entitled
“Organization of information about construction works™

b. SC13/WG13 - Update — Knight

c. WGL11: 16757 Part 2 (Daia structures for electronic product catalogues for building
sarvices — Pt 2: Geomerry) Update — Hywel Davies

11. Data ashrae org - Barnaby/Hitchcock
o Content
o Parameters
12. Other Liaison Reports — All Voting Members
13. New Business
14. Adjournment

[ L
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6.4.3.3 ASHRAE SSPC 62.1

DRAFT AGENDA
S5PC 62.1 — Ventilation for Acceptable Indoor Air Quality
January 2019, Adanta, GA

SSPC 62.1 and its subcommittees are scheduled to meet in the Omni at CNN Center as follows:

FRIDAY, January 11, 2019

All times are EST

SSPC 62.1 |AQ Guideline Subcommittee

Friday (1/11)  8:00 am - 12:00 pm, Room: 328, 3™ Floor

SSPC 62.1 Administration Subcommittes

Friday (1/11/2019) 1:00-5:00pm, Room: Walnut, Floor: M3 North
S5PC 62.1 Research and Education Subcommitiee

Friday (1/11/2019) 1:00-5:00pm, Room: Hickery, Floor: M3 North
SSPC 62.1 Buildings, Systems and Equipment

Friday (1/11/2019) 1:00-5:00pm, Room: Chestnut, Floor: M3 North
35PC 62.1 Ventilation Subcommittee

Friday (1/11/2019) 1:00-5:00pm, Room: Hazelnut, Floor: M3 North

{(Room assignments are subject to change. Please see the published program schedule when
available.)

1/08/2019 1
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SATURDAY, January 12, 2019

SSPC 62.1 Ventilation for Acceptable Indoor Air Quality
Saturday (1/12/2019) 8:00am-12:00pm, Room: Oak, Floor: Lobby South

8:00 Call to Order Bohanon
“Commitment to the ASHRAE Code of Ethics — in this and all other ASHRAE meetings, we will act
with henesty, fairness, courtesy, competence, integrity and respect for others, and we shall avoid
all real or perceived conflicts of interests. (See full Code of
Ethics: https /fwww ashrae org/about-agshrae/ashrae-code-of-ethics_ }”

Introductions

Review of Agenda Bohanon
Staff Report: Weber
Chair’s Report: Bohanon

Committee Organizational Structure:

Voting Roster (22 PCVMs): Bohanon, Thomann Isenbeck Brown, Brueckner, Burley, Darwich,
Dennison. Hafendorfer, Ho, Homer, Nelson, Pettway, Ray. Redmond, Smith Stewart, Zaatari, Hussien, Gress,
Howard, Kane

Intervening Letter Ballots:
The following is a list of the letter ballots that followed the Houston meeting in June 2018,

» 62.1i (DA-67) — Letter ballot to approve the 2°! PPR closed 7/31/2018. APPROVED.

+ 6211 (DA-71) — Letter ballot to approve the 2** PPR. closed 7/24/2018. APPROVED.

+ 62.1t (DA-80) — Letter ballot to approve the 2°¢ PPR closed 7/25/2018. APPROVED.

« Approve sponsoring the RTAR submitted by Lisa Ng regarding the feasibility of
predicting indoor formaldehyde, VOC, and CO2 concentrations using simplified inputs to
air quality models in new office buildings. Letter ballot closed 8/7/2018. APPROVED.

« Approve cosponsoring the RTAR submitted by SSPC 170 investigating the applicability
of Standard 62.1's Ventilation Rate Procedure for Healthcare Rooms. Letter Ballot closed
7/30/2018 APPROVED.

» Approve cosponsoring the RTAR submitted by TC 2.3 regarding the evaluation of Indoor
Asr Contaminants with respect to Development of a Eevised Indoor Air Quality
Procedure (IAQP) Design Compound and Design Target Lists for Standard 62.1. Lefter
ballot closed 7/30/2018. APPROVED.

+ Approve cosponsoring Work Statement WS-1838. Letter ballot closed 8/7/2018.
APPROVED.

1/08/2019

(%)
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« 62.1 (DA-90) — Letter ballot to approve PPR closed 9/13/2018. APPROVED.

» 621y (DA-88) — Letter ballot to approve the 2° PRP closed 9/17/2018. APPROVED.

+« 62.1 (DA-93) — Letter ballot to approve PPR closed 9/6/2018. APPROVED.

+  62.1n (DA-74) — Letter ballot to approve the responses to the comments on the 1% public
review closed 9/6/2018. APPROVED.

+ 62.1m (DA-73) — Letter ballot fo approve the publication with unresolved objectors
(negative PC votes and unresolved comment) closed 10/1/2018. APPROVED.

»  62.1x (DA-86) — Letter ballot to approve the 2°¢ PPR closed 10/4/2018. APPROVED.

» (2.1aa (DA-68) — Letter ballot to approve responses fo comments on the 1% PPR closed
10/4/2018. APPROVED.

»  62.1aa (DA-86) — Letter ballot to approve the 222 ISC PPR closed 10/4/2018.
APPROVED.

+ 62.1ab (DA-82) — Letter ballot to approve the responses to comments on the 1% PPR
closed 9/27/2018 APPROVED.

»  G2.1ab (DA-82) — Letter ballot to approve the 2** ISC PPR closed 9/27/2018.
APPROVED.

+ 62.lac (DA-91) — Letter ballot to approve the 2% FULL PPR closed 10/4/2018.
APPROVED.

+« SSPC62.1 Poll - 15 questions regarding 62.1 and acceptable IAQ closed 10/30/2018.
Results presented during November 8, 2018 webmnar. See webinar meeting minutes for
Poll results.

« 62.1-2016 Buzz Wright (Auto Repair Room Exhaust). Approve the revised response to
the request for official interpretation from Buzz Wright. Letter ballot closed 11/21/2018.
APPROVED.

s 62.1s (DA-79) — Letter ballot to approve the 22 PPR closed 11/30/2018. APPROVED.

+ 2.1 (DA-06) — Letter ballot to approve the 1% PPR closed 1/4/2019. APPROVED.

Addenda Status (62.1-2016):

+ 62.1a(DAG61 — Drain Pans) — 1¥ PPR Closed October 2, 2016: 3 comments from 1
commenter. Discontinued. (Assigned to Buildings. Systems and Equipment
Subcommittee)

+«  062.1b (DA42 — Sumplified VRP Alternate Method) — Approved for publication. Published
on the ASHREAE website.

+« 062 1c(DAG2 — Delete Informative Appendix C) — Approved for publication. Published
on the ASHRAE website.

+ 62.1d (DAG3 — Delete Informative Appendix D) — Approved for publication. Published
on the ASHRAE website.

+« 62.1e (DAG4 — Revise Informative Appendix F and delete Informative Appendix I) —
Approved for publication. Published on the ASHEAF website.

« G621 (DAGS — System Ventilation Efficiency Equations to replace Table 6.2.5.2) —

Approved for publication. Published on the ASHRAFE website.

» 62.1g(CM 62.1-17-12-0002/002 Occupiable Space) — Approved for publication.
Published on the ASHRAFE website.

+« 062.1h (DAGG - Appendix G Revision) - Approved for publication. Published on the
ASHRAE website.

1/08/2019 3
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»  62.1i (DAG7 - Scope Modification) — 2* PPR closed November 11. 2018: @ comments
from 1 commenter. Commifttee needs to review comments. (Assigned to Administration

Subcommittes)

« 6217 (DAGY - Section 4 Update) - Approved for publication. Published on the ASHEAE
website.

+« G621k (DAT0 - Section 6.2.1.3 Ozone) - Approved for publication. Published on the
ASHEAFE website.

»  62.1L (DA71 - NVP Rewrite) — 2* PPR. closed November 5, 2018: 6 comments from 1
commenter. Committee needs to review comments. (Assigned to Ventilation
Subcommittes)

+  62.1m (DA73 - Section 6 and Appendix A Updates) - 1¥ PPR closed April 22, 2018: 8
comments from & commenters. Committee approved responses to comments in Houston
on June 24, 2018 (Motion #5). Committee also approved editorial changes to the
addendum in Houston on June 24, 2018 (Motion #4). Responses sent to commenter
7/25/2018 with a 8/8/2018 reply deadline. There is 1 unresolved comment. Letter ballot
to approve publication of Addendum 62.1m with uwnresolved objectors closed
10/1/2018. Moving forward for publication approval by Standards Commuttee and the
ASHERAE Board in Atlanta in January 2019 (Assigned to Buildings, Systems and
Equipment Subcommitiee)

+  62.1n (DA74 - Veterinary Spaces) - 1¥ PPR closed April 22, 2018: 3 comments from 1
commenters. Committee approved responses to comments by letter ballot on 9/6/2018.
Responses sent to commenters on 9/7/2018 with a 9/23/2018 reply deadline. There are 2
unresolved comments from 1 commenter. Committee needs to review commenter replies
and determine what action 1s needed. (Assigned to Ventilation Subcommittee)

+« 6210 (DA75 - Section 5.16.2 1 Improvements) - Approved for publication. Published on
the ASHRAE website.

« G62.1p (DA76 - Review Exceptions 5.16.3.2.5 and 5.16.3.3.2) — Ballot closed January 15.
2018 (Ballot #3, Motion #2). There are 2 negative votes with reason. Responses to the
negative votes required. Recirculation ballot needed. This addendum will need SPLS
approval for public review. (Assigned to Buildings, Systems and Equipment
Subcommittee)

+« 621q (DA77 - Ventilation Air Distribution) - Approved for publication. Published on the
ASHEAE website.

+« G62.1r (DATS - High Rise Residential Building Systems) - Approved for publication.
Published on the ASHEAF website.

s 62.1s (DA79 - Alternate Compliance Paths for Labs) - 2* PPR approved by SSPC 62.1
by letter ballot on Movember 30, 2018. Moving forward for public review approval by
SPLS5 1n Atlanta in January 2019, Expected to be posted for public review 1n early
February 2019 {Assigned to Ventilation Subcommittee)

+ (2.1t (DASO - New Area Based Table for Simple Multi Zone Installations) — 2*4 PPR.
closed November 5. 2018: No comments. Moving forward for publication approval by
Standards Committee and the ASHRAF Board in Atlanta in January 2019, (Assigned to
Ventilation Subcommittee)

» 062.1u(DAS8I - Create Compliance Checklist) - Approved for publication. Published on
the ASHRAE website.

1/08/2019 4
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« 62.1v (DAS3 — Appendix B Update) - Approved for publication. Published on the
ASHEAF website.

« 621w (DAS4 — Laboratory Compliance) - Approved for publication. Published on the
ASHRAEFE website.

» 62.1x (DAS6 — Update Exhaust Section 6.5) — 2°! PPR. closed December 16, 2018: 13
comments from 5> commenters. Committee needs to review comments. (Assigned to
Research and Education Subcommittee)

» 621y (DASS — Inform Owners about Standard 188) - 2° PPR. closed December 16, 2018:
16 comments from 11 commenters. Commiftee needs to review comments. (Assigned to
Research and Education Subcommitiee)

« 621z (DASY — VRP Check Table) - Approved for publication. Published on the
ASHEAF website.

» 62.1aa (DAGS - IAQP) — 1" PPR closed August 27, 2018: 133 comments from 62
commenters. Responses to commenters sent 10/4/2018. Reply deadline 10/18/2018.
There are 41 unresolved comments from 12 commenters. 2* ISC PPR closed December
16, 2018: 33 comments from 13 commenters. Commitiee needs to review comments.
{Assigned to Research and Education Subcommittee)

» 62.1ab (DASR2 — Normative Appendix for CO2 Calculation) - 1% PPR. closed August 27,
2018: § comments from 5 commenters. Responses to commenters sent 10/4/2018. Reply
deadline 10/18/2018. There are 3 unresolved comments from 3 commenters. 2° ISC PPR
closed December 31, 2018: 6 comments from 3 commenters. Committee needs to review
comments. (Assigned to Research and Education Subcommittee)

» 62.lac (DA9] — New Informative Appendix C for IAQP) - 2% PPR closed December 31,
2018: 6 comments from 2 commenters. Committee needs to review comments. (Assigned
to Research and Education Subcommaittee)

» 2 1ad (DA94 — Pressurization of Spaces Requiring Exhaust) - 1% PPR. closed August 12
2018: 3 comments from 2 commenters. Committee needs to review comments. (Assigned
to Ventilation Subcommittee)

» 62 1ae (DA90 — Humidity) — 1¥ PPR closed December 16, 2018: 15 comments from 8
commenters. Committee needs to review comments. (Tom Rice, Lewis Harriman)

e 62.1af (DAY3 — Ancillary Spaces) — 1% PPR closed December 16, 2018: 8 comments
from 6 commenters. Committee needs to review comments. (Abdel Darwich)

o §2.1ag (DA96 - Calculate Exhaust/Intake Separation using 1635-RP) — 1% PPR. approved
by letter ballot. Submittal package in process. Moving forward for public review approval
by SPLS during their March 2019 conference call. Fxpected fo be posted for public
review in late March 2019. (Brian Hafendorfer)

Note: All published addenda to Standard 62.1-2016 are available for free download from the
ASHRAE website at https://www ashrae org/technical-resources/standards-and-

guidelines/standards-addenda/addenda-to-standard-62-1-2016.

Official Interpretation Requests:

«  62.1-2016 Buzz Wright (Auto Repair Room Exhaust). Letter ballot to approve the revised
response closed 11/21/2018. Response approved. Response sent to Mr. Wright
11/26/2018. {Assigned to Ventilation Subcommittee)

1/08/2019 5

November 2020

Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 150

Note: All published official interpretations are available for free download from the
ASHRAE website at hitps.//www_ashrae org/technical-resources/standards-and-
guidelines/standards-interpretations

Unofficial Interpretation Request: Since the Chicago meeting i January 2018
+« 02.1-2010 Lilian Nakavama (Exhaust for Natural Ventilation). Response sent 8/7/2018.
» 62.1-2010 Karl Recktenwald (Natural Ventilation). Response sent 9/24/2018.
» (62.1-2016 Mike Donovan (CO2 Exposure Limits). Response sent 11/7/2018.
*  §2.1-2013 Duane Rothstein (Drain Pan Size). Response sent 11/29/2018.

CM Proposals:

+ Trawis English (CM 62.1-17-12-0001/001). Response approved by letter ballot 2/6/2018
(Ballot#1, Motion #1). Response needs to be sent to Travis English. (Assigned to
Administration Subcommittee)

+« Trawvis English (CM 62.1-17-12-0001/002). Response approved by letter ballot 2/6/2018
(Ballot#1, Motion #2). Response needs to be sent to Travis English. (Assigned to
Administration Subcommittee)

« Steven Taylor (CM 62.1-17-12-0002/001). Response approved by letter ballot 1/15/2018
(Ballot#1, Motion #3). Response needs to be sent to Steve Taylor. (Assigned to
Administration Subcommittee)

» Steven Taylor (CM 62.1-17-12-0002/002). Response approved by letter ballot 1/15/2018
(Ballot#1, Motion #4). Response needs to be sent to Steve Taylor. (Assigned to
Administration Subcommittee)

*  Peter Langowski (CM 62.1-18-12-0001/001). (Assigned to Administration
Subcommittee.)

¢+ Lew Harriman (CM 62.1-18-12-0002/001). (Assigned to Research and Education
Subcommittee.)

¢ Jon McHugh (CM 62 1-18-12-0003/001). { Assigned to Ventilation Subcommittee )

* Tom Rice (CM 62.1-18-12-0004/001). (Assigned to Buildings, Systems and Equipment
Subcommittee.)

» Hwakong Cheng (CM 62.1-18-12-0005/001). (Assigned to Venfilation Subcommittee.)

* Steven Taylor (CM 62.1-18-12-0006/001). (Assigned to Administration Subcommittes.)

+  Fabio Cavijo (0002-001, submitted online). (Assigned to Buildings. Systems, and
Equipment Subcommittee.)

. Jon McHugh (no number assigned at this time). (Assigned to
Ventilation Subcommittee )

Potential Addenda from Houston:
« DA-72 (Air Movement in zones. Ez)
+ DA-87 (Air Distribution Update) — Brain Hafendorfer
+« DA-02 (Update References)
+« DA-93 (Ancillary spaces)

1/08/2019 6
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Note: New draft addenda may be reviewed in Subcommittee and brought forward to main
committee

Other Items:
+« New online comment database now live. New site includes continuous maintenance and
letter ballots. Letter ballot site is currently being tested.

8:30-9:30 Public Comment Period

Anyone who wants fo address the committee must sign up.  Written comments will be accepted.
Everyone who signs up will have 3-minutes to address the committee. If more than 20 people
sign up, the chair will designate times for additional comments to be heard. Commenters are
encouraged to bring new information and not repeat what previous commenters say. Anyone
violating the ASHRAF code of ethics will be ruled out of order and forfeit their remaining time.

0:30-0:45 Break
Subcommittee Reports

These reports will include any information items that impact full committee activities.
Reports on Sunday should include only action items (items which need to be voted on by
the commirtee including responses to commenters, revisions to addenda, responses to
interpretation requests, responses to change proposals, and other official actions.).
Anything to be voted on should be sent out to voting members by email on Saturday.

0:45-10:00  TAQ Guideline Report and Plans Isenbeck
10:00-10:30 Research and Education Subcommittee Report and Plans Thomann

ASHRAE is changing its procedures slightly and it affects our approval of the User Manual Work
Statement (WS). If you are intending to bid you cannot vote on the WS, or be involved in its preparation,
or even see the final draft that the committee approves. Therefore, if you are intending to bid on the
User Manual work you must let the Chair know so he can remove you from the ballot and make sure
that you do not see the final version of the W5. Any committee member involved in the vote will not be
allowed to bid on the UM.

10:30-11:00 Ventilation Subcommitiee Report and Plans Ho
11:00-11:30 Administration Subcommittee Report and Plans Bruekner
11:30-11:45 Building, Systems. and Equipment Subcommittee Report and Plans Hafendorfer
11:45-12:00 Closing Comments Bohanon
12:00 Recess (uatil 1:00 p.m. Sunday)

SSPC 621 Administration Subcommittee
Saturday (1/12/2019) 1:00-3:00pm. Room: Walnut, Floor: M3 North

1/08/2019 7
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33PC 62.1 Research and Education Subcommittee
Saturday (1/12/2019) 1:00-3:00pm. Room: Hickory, Floor: M3 North

SSPC 62.1 Buildings, Systems and Equipment Subcommittee
Saturday (1/12/2019) 1:00-3:00pm. Foom: Chestnut, Floor: M3 North

35PC 62.1 Ventilation Subcommittee
Saturday (1/12/2019) 1:00-3:00pm. Room: Hazelnut, Floor: M3 North

1/08/2019 8
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Sunday, January 13, 2019
1:00 pm — 7:00 pm Local Time

S5PC 61.1 Ventlation for Acceptable Indoor Air Quality
Sunday (1/13/2019) 1:00-7:00pm. Foom: Dogwood A. Floor: M1 North

1:00  Call to Order Bohanon
“Commitment to the ASHRAFE Code of Ethics — In this and all other ASHRAFE meetings, we
will act with honesty, fairness, courtesy, competence, integrity and respect for others, and we
shall avoid all real or perceived conflicts of interests. (See full Code of Ethics:
https./fwww.ashrae org/about-gshrae/ashrae-code-of-ethics.)”
. Introductions
. Voting Roster (22 PCVMs): Bohanon, Thomann, Isenbeck. Brown.,
Brueckner, Burley, Darwich, Dennison, Hafendorfer, Ho, Horner, Nelson,
Pettway, Ray. Redmond. Smith, Stewart, Zaatari, Hussien, Gress, Howard,
Kane
. Bias/Conflict Notebook/Sign-in
. Review of Agenda (Additions/Deletions)

1:15  Review of Saturday Actions Bohanon

1:20 Liaison Reports

. SPLS Peterman
. TC 2.1, Physiology and Human Environment Olsen
. TC2 .3, Gaseous Air Contaminants and Gas Contaminant Removal Eguipment Muller
. TC2 4, Parficulate Air Contaminanis and Particulate Contaminant Removal
Eguipment Seyffer
. TC 2.9, Ultraviclet Air and Surface Treatment Hafendorfer
. TC5.5, dir to Aiv Energy Recovery Rice
. TC7.6 Federal Facilities WG Zhivov
. TC7.9. Commissioning Brueckner
. TC9.10, Laboratory Systems Ho
. SSPC 55, Thermal Environmental Conditions for Human Occupancy Olsen
. SSPC 62.2, Ventilation and Accepitable Indoor Afr Quality in Residential
Buildings Agopian, Gress,
. SSPC 90.1, Energy Standard for Buildings Except Low-Rise Residential
Buildings Howard
. SSPC 154, Ventilation for Commercial Cooking Operations Gress
. SSPC 170. Ventilation of Health Care Facilities Darwich
. SSPC 188, Risk Management of Legionella in Building Water Systems Stewart
. SSPC 189, Standard for the Design of High-Performance, Green Buildings
Except Low-Rise Residential Buildings Gress
. SPC 217, Non-Emergency Ventilation in Enclosed Foad, Rail and Mass
Transit Facilities Howard
. MTG Air Change Rates Agopian
1/08/2019 g
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. MTG Impact of ASHEAF Standards and Technology on Energy

Savings/Performance Muller
. MTG Indoor Swimming Pool Air Quality and Evaporation Gonzales
. MTG Health and Wellness Zaatan
. PC Chair’s Meeting Bohanon/Tsenbeck

1:30  Approval of Meeting Minutes:
» Approve the June 20-21, 2018 meeting minutes from Houston, T3
+ Approve the August 7, 2018 webinar meeting minutes.
« Approve the November 8, 2018 webinar meeting minutes.

Reports on Sunday should include only action items (items which need to be
voted on by the commirtee including responses to commenters, revisions to
addenda, responses to interpretation requests, responses to change proposals,
and other official actions.)

2:00  Admin SC Report  Brueckner

245 Break

3:00  Systems and Equipment Subcommittee Report Hafendorfer
3:40 Veantilation Subcommittee Report Ho

4:50 Break

5:10  Research and Education Subcommittee Report Thomann

ASHRAE is changing its procedures slightly and it affects our approval of the User Manual Work
Statement (WS). If you are intending to bid you cannot vote on the WS, or be involved in its preparation,
or even see the final draft that the committee approves. Therefore, if you are intending to bid on the
User Manual work you must let the Chair know so he can remove you from the ballot and make sure
that you do not see the final version of the WS. Any committee member involved in the vote will not be
allowed to bid on the UM.

6:55  Other Business Bohanon
7:00  Adjourn

Tuesday January 15, 2019

SSPC 621 Natural Ventilation Working Group (if required)
Tuesday (1/15/2019) 8:00 am — 12:00 pm, Room: Hickory, Floor: M3 North
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6.4.34 ASHRAE SSPC 140

AGENDA - S5PC 140
Standard MOT for the Evaluation of Building Energy Analysis Computer Programs

Monday Jan 14, 2019; Adanta

Time: 2:15P —6:15P
Location: Cypress (M2, North), Omni
Chair: Joel Neymark

—

. Introductions: Sign-in sheet. participant introductions, gquorem (= & VMs).

2. Chair Announcements [3 min. ]
- See bottom of next page

[F¥]

. Membership [35 min.]

4. Acceptance of Previous Minutes [3 min.J

LA

. Adjustments to Agenda? [5 min.j

(=11

. 140-2017-A: Update Section 5.2 (IEA BESTEST thermal fabric, 1993) test spec/example resnlts
[Neymark 13 min].
s FRound 5 (final) sim trial draft distributed Sep 2018; 8 results sets through Dec 2018
*  Meeting summary BESTEST Thermal Fabric Working Group, and Schedule

. DOE Empirical Validation Activities [Judkeff 13 min]
+ Project update, brief discussion

=]

. 90.1 Referencing of 140-2017 [Glazer 20 min_J
+ Updated language and public review stats
+  Summary of Sunday ECB/140 4p — 6p discussion: acceptance criteria, etc.
» Discussion: role of S5PC 140, etc.

9. Prioritization of Possible Test Suites [NeymarkMcDowell/Others, 2 hours; 3:15p start.J
s  One-pager slides and discussion, 3 minutes per slide udkaff, Kruis, McDowell,
Muehleisen, Neymark, Witte, in order of hardcopy notes sheet, I hour]
Initial round votng [EKruis/Neymark, 30 min.j
Further discussion and second round voting, if needed [30 min.]

10. S5PC 140 Website (http://sspcl40 ashraepes.org/index. html) [Sturm, 5 min.j
+ Updates this cycle

11. Future Stakeholder Meeting [Muehleizen 20 min]
s  Topics: Roadmap/Prioritization, User’s Manual, Other
* Meeting format: As separate workshop i K.C. (e.z. Wed 2p — 6p). or webinar

12. Forthcoming Basecamp Site [Neyvmark/Eruis 5 min]
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[Following items if time permits]

13. Incentive Programs [JudkofffRoth, 10 min]
+ New IRS Sec 179D mules (commercial building tax deductions under PATH Act) for
projects placed in service om or after Jan 1, 2016 require testing against Standard 140-
2014 and use of 90.1-2007 as the base case (instead of 90.1-2001) .
« RESNET Accreditation:
o HERS Tools; Existing Homes Tax Credit Compliance
o 45L Tax Credit Compliance is by DOE, references RESNET

Za. 90.1 Referencing of 140-2017 - Recap [Glazer 10 min.]
+ Recap discussion for late-armving members

14 New business

15. Adjoum

For Item 2. Chair Announcements

- 140-2017 CM revision is current; integrates airside HVAC cases with 140-2014 test
suites.

- IRS rules re the deduction for energy efficient commercial buildings require software
used for assessing tax credits be tested as follows for projects placed in service:

o On/after Jan 1.2016: test to 140-2014 (except Secs. 5.2.4. 7, 8) 11 progs (26 vers.)
qualified; up from 916 progs/vers last June

o On or before Dec 31, 2015: test to 140-2007, 13 programs qualified.

New submittals to ron.judkoff @ nrel.gov.

Qualified programs listed at http://energy.gov/eere/buildings/qualified-software-

calculating-commercial-building-tax-deductions (Last check 09Jan2019).

-  RESNET or DOE list 3 (last check 09Jan?019) tools as either accredited for HERS
ratings, 4517 tax credit compliance (DOE). Required tests are NEEL’'s HERS
BESTEST (included in Std 140-2011.-2014), aleng with equipment modeling and other
modeling tests developed by RESNET. “45L" submit to DOE
(45Lsoftware @ee.doe.gov) Other submittals to RESNET
(http:/"www.resnet.us/professional programs/software).

- ASHEAE 20.1 and 189.1 reference Standard 140;

- 90.1-2016, published Fall 2016, references 140-2014 (except Sections 7, 8).

- IISTIECC cites 140-2014; IGCC citation accords with IECC.

- ASHEAEF 90.2-2018 is published, references Standard 140, Section 7
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6.43.1 ASHRAETC15

Meeting Agenda
ASHRAE 2019 Winter Meeting — Atlanta, GA

TC 1.5 Computer Applications Research Subcommittee

Sunday, January 13, 2019, 7:00-8:00pm, B208, GWCC, BLDG B
Chair: Todd Gottshall tgottshall@westernallied.com 925-381-3049
Call to Order:

Welcome — Introductions:

Review of Agenda

bl B

New Business/Followup:
A Work Statement Status
i. EP-1801 BIM-Data-Content-Development
1. Rob Hitcheock
2. PMS Report (Meefing earlier on Sunday)

3. PMS

Todd Gottshall, TC 1.5
Tim Dwyer, MTG-BIM
Krishnan Gowri, MTG-BIM
Michel Tardif, TC 7.1

e. Russell Taylor TC 7.1

i1. EP-1810: gbXML Reference BIM Test Cases
1. Stephen Roth
2. PES tfo review bids
1. WS-1811: Occupancy from Social Media Data Mining
1. Bing Dong
2. Out for TC votes
B. New RTAR Submission Deadlines
i MMAD
ii. March 15-ish, 2019
NEW RTAR Ideas
6. RAC Report
A Shinsuke Kato (kato@iis.u-tokyo.acjp)
7. Next Meeting Time
A, Tune 23, 2019 — Kansas City, MO
8. Adjourn

anooe

i
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ASHRAE TC 4.7
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TC4.7 Data-Driven Models Subcommittee Monday: January 14, 2019, 7:30 PM-9:00 PM
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Location: Atlanta, GA: B306 (3), GHWCC, Bldz B

Agenda:
7:30  Call to order / Introductions / Changes to the agenda

7:40: Upcoming Due Dates (5 minutes)
*  Annual Meeting 2019 (Kansas City, MO — Tune 22-26, 2019)

+ February 8, 2019 — Revised Conference/ Technical Papers for Review Due
+ February 8, 2019 — Program (Seminar, Formm, Workshop, Debate and Panel)

Proposals Due
7:45: Research: Work Statements / RTAR s (30 minutes)
s Current Work Statements
+ DUpdate on WS 1763 — Development of an Improved Toolkit for Analyzing
Building Energy Use from Time Series Data: Update to the Inverse Model
Toolkit. (Balbach, Koran. Haberl)
* Current RTARs
+ Mew Research Topics
Potential RTAR Topics
RTAR Tiile Champion(s)? | Status/Notes
Determining memory/forgetting factors for | A. Smith
DDMs A Reddy
Understanding DDM calibration/forecasting
residual A Smith
- Some useful information. Work for A Reddy
Joshua. Keon Kim in residential Ching B. Koran
Wha University.
Establishing standard procedures for A Reddy
: - ; . C. Balbach
identifying outlier and bad data during the .
data cleam: L. Wang
A cleamng J. Balthazar
Determining when a building’s behavior A. Fontanini
have changed, Re-baselining Bass
i Balbach
C. Balbach
Data-driven clustering methods K. Haddad
A. Fontanini

* Calibration Shootout/Kaggle Competition (Balbach)
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8:15  Discussion of Program (15 minutes)
* Annual Meeting (Houston) Review
o TC 47 Program Information
¢  Seminar 14: Multiscale Building Energy Modeling, Part 10
s  Sunday. January 13%— 11:00 am — 12:30 pm. Room: GWCC
Building A A408
¢  Seminar 57: Multiscale Building Energy Modeling, Part 9
s Tuesday, January 152 — 11:00 am — 12:30 pm. Room: GWCC
Building A, A408

Annual Meeting 2018 (Houston)

Track 1:  Systems & Equipment in the Built Environment
Track 2:  Fundamentals and Applications

Track 3:  Optimization in HVAC&ER

Track4: Commissioning New & Existing Buildings
Track 5:  Occupant Health & Safety

Track 6:  Modeling Throughout the Building Life Cycle
Track 7.  Professional Development

Track 8:  Research Summit

Track ©:  Radiant Heating & Cooling Mini-Track

Potential Session Topics
Session Tentative
Meeting Type Session Title Session Speakers
. Chair(s)
What do the differences
. between calibrated energy
Seminar models and measured dagti tell C. Balbach
you?
L Wang
Seminar | Are you normal? E. Muehleisen | Ralph’s Post-Doc
A Fontanini
A Reddy.
Seminar Ideqtifj,’iﬂg and removing C. Balbach,
| outliers for DDMs L. Wang,
I Balthazar

8:30: Handbook: (15 minutes)
8:45: New Business (15 minutes)
9:00:  Adjoumn
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AGENDA
ASHHAE ASHRAE TC 4.7 ENERGY CALCULATIONS — MAIN MEETING
OMNI HOTEL,
DOGWOOD A ROOM
ATLANTA, GA
TUESDAY, JUNE 26 2018, 6:00 PM — 8:30 PM

“Commitment to the ASHRAE Code of Ethics: In this and all other ASHRAE meetings, we will act with honesty,
faimess, courtesy, competence, integrity and respect for others, and we shall aveid all real or perceived conflicts of
interest. {See full Code of Ethics: hitps.//www.ashrae org/about-ashrae/ashrae-code-of-ethics )

1. Roll call and introductions (S minutes) Muehleisen
2. Accept agenda & approve minutes of previous meeting (10 minutes) Ballxach
3. Announcements/Liaisons (5 minutes) Ballxach

- Program Submittals:

Talk to the Track Chair before submitting

Conform to one of the Tracks

Physics vs new technology: interest of audience (declining programsa). Show new technology used.
Propose a Track to CEC, for Atlanta (Winter 2019) and Beyond.

oo oo

- 2019 ASHRAE Annual Conference in Kansas City:
o Conference Paper Abstracts, Technical Papers and Paper Session requests dus August 21

- 125th History in a couple of years (Historical Committes). TC's can organize or Sponsor a program session for
the 2019-2020 meetings.

- Emergency Rosters can be submitted anytime during the year so that changes in subcommittees or other
positions can be made official on the rosters (instead of waiting till after July 1).

- Nominating ASHRAE Fellows: Haberl
4. Membership (5 minutes) Ballxach

+ By the MOP, the maximum number of voting members on a committes is 18. However, the drawback of a
high number of WM would be the quorum in meetings. (We cumently have 13 Voting Members_)

» Bass Abushakra will chair the Program Subcommittee for 1-year term (2018-2019).

»  Provisional Comesponding Members should go to: Onebwilding.org, to Subscribe to the TC4.7 Mailing List
(TC47-L). Once subscribed, PCM, will stay up-to-date with the TC4.7 business.

5. Subcommittee reports

5.1 Multizcale Building Energy Modeling {10 minutes) Judkoff
5.2 Data-Driven Modeling (10 minutes) Muehleizen / Balbach
5.3 Simulation and Component Models (10 minutes) Huang
5.4 Research (15 minutes) Haberl
5.5 Handbook (10 minutes) Pruett
5.6 Program (15 minutes) Abushakra
5.7 Historical (S minutes) Haberl
»  Historical Committee - 125 Anniversary.

5.8 Standards (15 minutes) Neymark
+ SS5PC 140 SMOT for Evaluaticn of Building Energy Analysis Computer Programs Neymark

+ SPC 205 Standard Representation of Performance Simulation Data for HVAC and Other Facility
Equipment Barnaby
+ SPC 209P Energy Simulation Aided Design Kolderup
5.9 Web Site (S minutes) (hfips /tc0407 ashraeics.ong/) New
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E. Related activities reports (10 minutes)
SPC 191 Standard for the Efficient Use of Water in Building and Mechanical Systems
MTG O&MEE Operations and Maintenance Activities That Impact Energy Efficiency
MTG OBB Occupant Behavior in Buildings
MTG.BIM Building Information Modeling
MTG ACR Air Change Rates (Contact Dennis Knight to join this MTG)
TC 2.8 Building Environmental Impacts and Sustainability
TC 4.1 Load Calculation Data and Procedures
TC 4.2 Climatic Information
TC 4.3 Infiltration & Ventilation Requirements
TC 4.5 Fenestration
TC 6.5 Radiant Heating and Cooling
TC 7.5 Smart Building Systems
TC 7.6 Building Energy Performance
BuildingSMART (formerly |Al Intemational Alliance for Interoperability)
IBPSA: USA Canada, World
BPI-2400-5-2011 Standardization Qualification of Whele-house Energy Savings Eat.
Guideline 14
|E& Annex 60 Modelica for Building Simulations
|EA Annex 66 Occupant Pattems

7. Awards Nomination Balbach
8. Old Business Balbach
9. New business Balbach
10. Adjoumn Balbach

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 162

6.433 ASHRAETC?75

ASHRAE TC 7.5: Smart Building Systems Research Subcommittee Meeting
Monday, January 14, 2019, 5:15 - 6:00 p.m, B301 (GWCC)

Agenda
1. Roll Call and Introduction 5:15-5:18
2. Announcements 5:18-5:20
3. Status of current Research Projects (Detailed current research plan is 5:20—-5:40
attached in next pages)

a. RP1le6l

b. RP 1756

c. WS1781

d. WS 1783-submitted but changes to 1875

g. WS 1809-ready for TC review and vote

f. wsi1812

g.  MNew WS candidates

h. RTARs/WS under development
4. TC 7.5 research new ideas and topics 540-5:55
5. New Business 5:55—-6:00
6. Adjourn 6:00
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6.434 ASHRAETC7.6

ASHRAE ) Shaping Tomorrow's
Built Environment Today
TC 7.6 Building Energy Performance
https://tc0706.ashraetes.org/
Atlanta, GA
Tuesday, January 15, 2019, 1:00-3:30 pm

TC 7.6 is concerned with the estimation, measurement, analysis, benchmarking, and management of whole
building and building systems energy and water performance. This includes performance and resource
management of new and existing buildings.

1. Roll call and Introductions Landsherg
*  Welcome new members and visitors

2. ASHRAE Code of Ethics Commitment Landsherg
In this and all other ASHRAE meetings, we will act with honesty, fairness, courtesy, competence, integrity and
respect for others, and we shall avoid all real or perceived conflicts of interests. (See full Code of

Ethics: hitps./'www.ashrae org/about-ashrae/ashrae-code-of-ethics.)

3.  Accept agenda/approve minutes of Las Vegas meeting Landsherg
+  TC 76L listserve (170 names; Includes most TC 7.6 members + dozens more; is self-managed and not
official). Mail to tc76-1@lists.enebuilding.org — or go to www.onebuilding_org to sign up.
*  Roster access by TC members (log into My Membership on ASHRAE website)

4, Announcements and Chair Remarks
+  Chair Remarks Landsberg
v Mote that TC scope includes water, and new and existing buildings
¥ Chair would like to emphasize focus in his term on:
¥ Updates to Standard 105 and Guideline 14
# Development of Bast Practices Standard 211 and Users Manual Standard 100
¥ EUls: Current simple methods are not adequate to characterize energy use — keep focus on
programs, research
+  Announcements and Atlanta Section 7 Updates Landsberg

5. Membership Kelsey
+  Currently 15 VMs.
* | Patrick Carpenter and Michael Deru rolling off 6/30/19
*  VCis Kelsey, Secretary is Smith

6. Standing Committee Liaison Reports (TAC/RAC/StdCom/Program)/SpecPub/ALl/BuildingEQ)

*  BuildingEQ Boyd /Hunn

»  55PC 90.1 Liaison (Drake Erbe is 90.1 Chair) Peterson/Chude
*  SSPCS0.2 Lizison (Theresa Weston is 90.2 Chair)

+  SSPC 100 Lizison (Wayne Stoppelmaoor is 100 Chair) Landsherg

7. Multi-Disciplinary Task Group Reports
*  MTG-IAST (Impact of ASHRAE Standards and Technology on Energy Savings/Performance) Hinge

TC 7.6 Agenda Page |1
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*  MTG-ASEC (Avoided Source Energy Consumption Due to Waste Heat Recovery and Heat Pump

Technologies) Xiufeng Pang/Eldridge

8. Subcommittee Reports
A. Standing (Functional) Subcommittees
7.1 Research
7.2 Handbook
7.3 Standards
=  5td 100 — Continuous Maintenance
»  Sid. 105-2014 Revision (Continuous Maintenance?)
Parallel Std. with TC 6.6 on water use accounting
* 5dl. 14-2014 Revision
*  Proposed standard on net-zero energy buildings (w,/TC 2.8)
7.4 Program
7.5 Web Site

B. Topical Subcommittees
7.6 Monitoring & Energy Performance
7.7 Energy Management
7.8 Commercial Building Audits
*  Mew Chair
7.9 Federal Buildings

9, Other Topics
*  AEDGs
*  Energy Position Document [TC 7.6 is Cognizant)
»  TC 7.3 (Operation and Maintenance Management) Interaction

10. Old Business
*  Status of Technical FAQs for review and revision
+ TC 7.6 name change to¢ “Whole Building Performance™?
* Including |1AQ Performance in TC work scope

10. Mew business
+ ‘Webinar for daylighting contrels commissioning

11. Adjourn

Subcommittee Meetings:

Federal Buildings Sat. 9:00-3:00 and Sun. 9:00-noon

1702-RP PMS Sun. 11:30-1:00
Research Sun. 1:00-2:00
Energy Audits Sum. 2:00-3:00
Handbook Sum. 3:00-4:00
Monitering and Energy Performance Mon. 2:15-4:15
Energy Management Mon. 4:15-5:15
Standards/Program Mon. 5:15-6:15
Executive Mon. 6:15-7:00

TC 7.6 Agenda Page |2

Yang
Boyd
Nowvosel

Carpenter
Landsberg
Deru/Stafford

Smith
Kim

Webb
Constantinide /Pearson
Boyd

Zhivov

Reinders
Hunn
Constantinide

Landsherg

Kim

Landsberg
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6.4.4  ASHRAE Summer Conference Standards Committee Activities in Kansas City, Missouri, June
22-26, 2019

The following sections are the minutes and transactions of Standards Committee activities at the ASHRAE Summer
Conference in Kansas City, Missouri, June 22-26, 2019.

6.44.1 ASHRAEHC

ASHRAE

HISTORICAL COMMITTEE
Sunday, June 23, 2019
8:30 a.m. — 12:00 p.m.
2019 Annual Conference, Kansas City
Marriott-West, 3rd Floor, Big Joe Turner B

COMMITTEE MEMBERS

Voting Members: Region Historians:
Bruce L Flaniken, Chair Stanley M Westhoff, Region |
Stanley M Westhoff, Vice Chair Robert Thomas Pollard, Region II
Pamela Immekus Gary C Debes, Region Il
Lindsey King Maurice Richard Harrison, Region IV
Dr Ahmed Alaa Eldin Mohamed, PhD Lane D Snowberger, Region V
Bernard A Nagengast Sherman M Sweeney, Region VI
Eric Sturm Benjamin (Drew) Godfrey, Region VII
Branislav B Todorovic, PhD Charles D Stoabs, Region VIl
Gary L Cooper, Region IX
BOD Ex-Officio: Dean Borges, Region X
Dr Ahmed Alaa Eldin Mohamed, PhD Douglas B LeCren, Region XI
John § Davant, Region X
Coordinating Officers: Siew M Leong, Region X1l
Dr Julia A Keen, PE (2018-13) Andreas Triantafyllopoulos, Region XIV
Farooq Mehboob (2019-20) Prof Atilla Biyikoglu, PhD, RAL
AGENDA
1. Call 10 ONET e emccerrerarressinsssrssssesessasmssame e smesems seeresansessnn snsrs sasn sasaseas snms sesmenennesenees FIGMNIKEN, Chair
2. Introduction of Members and VISItors ............ SR 141171y}

2.1 2019-2020 Historical Committee Roster (Attachment A)

3. ASHRAE Code of Ethics COMMIEMENT. ... e e erereresmerecosnsrerssmsssoneessnerssmsssssseanssseneens FIATIKEN
In this and all other ASHRAE meetings, we will act with honesty, fairness, courtesy, competence,

www._ashrae org/historical
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integrity and respect for others, and we shall avoid all real or perceived conflicts of interasts.
(See full Code of Ethics: https://www.ashrae.org/about-ashras/ashrae-code-of-ethics.)

3. T T o PPN o -1y | <=1y

4. Approval of Atlanta Minutes (sent separately) v ———— Flaniken
5. EW BIISITIESS 1uviresvresscresssssesessssmsmsses sssasssessssnsssasen sensssasssesnssns sassssasssassasssmnsnsnssassenseasasesnsees FIGNIKEN
5.1 BOD EX-OffiCio COMIMEITS 1ouviisiiesaerereessessssmsmssaesssssssessssses sarmssassssassses snsmssns et sssssasssmasas Dr. Alaa
5.2 Discussion and vote on revised ROB and MOP .. s snsmssns sresssssssasssmses Flaniken
[Attachment B)
[Attachment C)

5.3 Draft guideline to facilitate communication betwesn Region Historians and RMCRs...Flaniken
Region and Chapter Historians Guide can be starting point (sent separately)

5.3 ASHRAE Historical Marker Pilot Project and Form (Attachment D) ..o ivesiinnnciennns Flaniken
5.4 Review progress on 125% Anniversary Projects (sent separately] ... Nagengast
5.5 Discuss PAOE recommendations for HIstorical .o s Flaniken
5.6 Review History Commities MBOS. s s mrsss sersssss st s st sssssssss s sesns Flaniken
5.7 Introduce 2018-19 HC Chair, Stan Westhoff...eeem s s ssns esssmsns Flaniken
5.8 2019-20 Subcommittee ASSIZNMENES e s Westhoff

5.9 2019-20 MBOS wovecsrsrerssessssrsssssismassssssssesssssssmsssasssssssmssssss sesnssssssssssssssesnssarsnessssnssesssens WESEHOFE

B. AUOJOUITT taetrusanssesrmsss sessmsssesemsss s ssnssesseass sa e sass et snssmssasasssssnnsssessen sarmssaessenssseanensens snnassssesasssmesns FI@MIREMN

=
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6.4.42 ASHRAE BIM MTG

ASHRAE ) Shaping Tomorrow's

Built Environment Today
1797 Tullie Circle, NE - Atlanta, Georgia 30329-2305 - Phone: 404.636.8400 - Fax: 404.321.5478 - www.ashrag.org

Agenda for - BIM MTG
Anmual Conference, Kansas City MO
Monday June 24, 2019
MT G Building Information Modeling (BIM)
Monday, 10:15 am — 12:00 pm, KCCC, 2113

Call to Order
Roll Call
Approval of Atlanta Winter (January 2019) Meeting Minutes
Chair’s Remarks
Roster Update
a. Chair-Vice Chair swap
b. Secrefary
6. SPC-224 (Standard for the Application of Building Information Modeling)— Dennis
Knight
gbXML - Roth
Research—

a. RP-1801 -Gotshall (Standardizing and Ulilizing ASHRAE Online BIM Data
Exchange Protocols) — cosponsoring with TC 1.5 as primary (7.1 as cosponsor as
well)

b. RP-1810- Roth (Development of Reference Building Information Model (BIM)
Test Cases for Improving Usage of Software Interoperabilify Schemas)

c. WS 1815 (Integrating Occupant Behavior Data into Building Information Models
Jjor Performance Simulation)

d. New ideas?

9. Program Proposals — Discussion
a. Orlando Feb 2020 relevant tracks: Fundamentals, Cutting Edge Approaches,
Standards guidelines and codes
b. Future?
10. US TAG to ISO/TC 59/5C 13/WG13
a TC359
b. SC13/WG13 - Update — Enight
c. WGI11: 16757 Part 2 (Data structures for elactronic product catalogues for ildime
sarvices — Part 2. Geometry) Update — Hywel Davies
11. Data ashrae org - Bamabyv/Hitchcock
o Content
o Parameters
12. Other Liaison Reports — All Voting Members
13. New Business
14. Adjournment

ok b=

fa =
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6.4.43 ASHRAE SSPC 90.1

ASHRAE 55PC 30.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Mamiott
June 22-24, 2018
Draft agenda June 10, 2019

Full Committee meetings are at the Marriott-East, Trianon Level, Trianon AB — Kansas City, MO

MNotes:

Full Commitiee meetings will start promptly at times noted.

This meeting is open to obsenvation by interested parties.

Subcommittee meeting rooms are at end of agenda

All sessions are open fo the public.

The agenda order shown may not be followed

Material for Project Committee members is posted on the Committee Only FTP site

Full Committee Saturday, June 22, 2019 ....coocimeecncii s 8:00 AM-12:00 PM CDT
1) Introductions

a) Sign-in and Quorum Determination (Barbaree)
b} Introductions of members and guests (Erbe)
c) Antitrust Policy Reminder
American MNational Standards shall be developed in accordance with applicable antitrust and competition
laws and meetings amongst competitors to develop American National Standards are to be conducted in
accordance with these laws.
d) ASHRAE Code of Ethics
ASHRAF Code Of Ethics
(Approved by ASHREAF Board of Directors January 30, 2013)
1.140.001.1 As members of ASHERAF or participants in ASHRAF committees, we pledge to act with honesty,
fairness, courtesy, competence, integrity and respect for others in our conduct.
A Efforts of the Sociefy. its members. and its bodies shall be directed at all times to enhancing the public
health. safety and welfare.
B. Members and organized bodies of the Society shall be good stewards of the world’s resources including
energy. natural. human and financial resources.
C. Our products and services shall be offered only in areas where our competence and expertise can satisfy the
public need.
D. We shall act with care and competence in all activities, using and developing up-to-date knowledge and
skills.
E. We shall avoid real or perceived conflicts of interest whenever possible. and disclose them to affected parties
when they do exist.

Page 1/9
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ASHRAE )

ASHRAE 55PC 30.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Marriott
June X2-24, 2018
Diraft agenda June 10, 2018

F. The confidentiality of business affairs, proprietary information. intellectual property, procedures, and
restricted Society discussions and materials shall be respected.
G. Each member is expected and encouraged to be committed to the code of ethics of his or her own
professional or trade association in their nation and area of work.
H. Activities crossing national and cultural boundaries shall respect the ethical codes of the seat of the principal
activity.
2) Review Agenda-Insure intended actions/topics are on the correct day.
3) Announcements (Erbe)
a) Bias and Conflict Forms - Update with any changes - Send to ASHRAE HQ
b) Awvailability of Errata for Standard and Users Manual on public website https:/fwww.ashrae.org/standards-
research—technology/standards-emrata (Barbaree)
- 2010, 2013, 2016 — March 18, 2019
4) Results of Standards Committee Actions (Barbaree)
a) Update on Public Review Addenda — Addenda from the Apnl Interim Meeting closed on June 9, 2019
for 30 day reviews
b) Update on Publication Addenda — The following are currently pending approval by Standards
Committee, Tech Council, and the BOD at the Kansas Meeting:
o T,V Y, AL AN, A, AT, AW, AY, AZ BA, BB, BD, BF, BH, BI, BJ, BK, BL, BQ, BT, BX, BZ, CA, CC,
CE, CG, CH, CI, CJ, CN, CO
5) Addenda Planning
Scenario for last possible two public reviews for inclusion in 90.1-2019

June 2018 S3PC 90.1 Interim Meeting

= Approve 1% PPR

« SPLS (Special Call) week of July 23, 2018-Only if everything is done correctly
= Public review to begin as early as August 3, 2018

«  August 3, 2018 to September 17, 2018 — 1% PPR Occurs

October 11-13, 2018 3SPC 90.1 Interim Meeting

» Approve 2" PPR

» 3PLS (Special Call) week of October 29, 2018 to approve addenda from fall meeting, schedule is
tight, but doable — comments close before January 2019 Meeting

+  Movember 23, 2018 to January 7, 2019 — 2™ PPR occurs

Page 2/9
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ASHRAE

/

ASHRAE S5PC 90.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Marriott
June 22-24, 2018
Diraft agenda June 10, 2018
January 11-14, 2019 SSPC 901 Winter Meeting

= Approve 3™ Public review

+ SPLS (Special Call) First Week of February to approve addenda from winter meeting — comments
close before Aprl Interim Mesting

+  Early February 2019 to April 2019 — 3" PPR ISC occurs

April 2019 Interim 90.1 meeting — April 11-13, 2019

*  Approve responses to comments on 3rd PPR
= Allow 30 days for commenters to indicate resolution status

June 2019 — SSPC 90.1 approval for publication with knowledge of unresolved objections.

MOTE: Given this timeline, if someone were to appeal after June 2019, the addendum may not be
incorporated into 90.1-2019. If required: Weh meetings for approval of energy saving addenda are
necessary, the chair will schedule those based on the ExCom recommendations.

Goal: Publish October 2019

6) Liaison Reports
Liaison Report
ASHRAE — Barbaree
SPLS (Crawley)
IES (Lien)
IES Modeling Effort (Salzberg/Myer)

CIS (VanGeem)
INTERNATIONAL (Hogeling)
TC 3.6 Water Treatment (Lindahl)
TC 4.4 Building Materials and Building
Envelope Performance (Humble)
TC 4.5 Fenestration (Hogan)
TC 5.2 Duct Design (Smith)
TC 5.5 Air-to-air Energy Recovery (Fecteau)
TC 6.1 Hydronic and Steam Equipment
Systems (Myers)
TC 6.5 Radiant Heat & Cool (Watson)
TC 6.6 Service Water Heating Systems
(Stanonik)
TC 7.6 Energy Utilization (Chude)
TC 8.6 Cooling Towers (Lindahl)
TC 9.9 Mission Critical Facilities (Pavlak)
TC 9.10 Laboratory Systems (Atkisson)
SSPC 62.1 (Howard)
SSPCB22
SSPC 904

Page 3/9
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6

ASHRAE S5PC 90.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Marriott
June X2-24, 2018
Dirait agenda June 10, 2019

AEDG (Culp)
IAS MTG (Hermans)
Residential Building Committee (Mathis)

T) Approval of Minutes —
a) Atlanta, GA — Spring Interim Meeting

8) Subcommittee and Working Group Reports and Actions — (unresolved objections = negative voters
with reason or unresolved commenter)

a) Format & Compliance

. Informative Reference Standards Update
b) Envelope
. Harkins Official Interpretation
. Addendum av — SSPC to respond to comments
. Addendum cr — SSPC to respond to comments
c) Lighting
. Addendum cw — SSPC to vote for publication with knowledge of unresolved objector
N Addendum cv — SSPC to respond to comments
. Lingren & Halverson ICs
d) ECB

s Addendum bu — SSPC to vote for publication with knowledge of unresolved objectors
+ Addendum cl — SSPC to vote for publication with knowledge of unresolved objectors
s Addendum ck — SSPC to respond to comments

+ Addendum cp — SSPC to respond to comments

e) Mechanical

+ Addendum bc — SSPC to vote for publication with knowledge of unresolved objectors
+ Addendum bs — SSPC to vote for publication with knowledge of unresolved objectors
+ Addendum bv — SSPC to vote for publication with knowledge of unresolved objectors
+ Addendum be — SSPC to respond to comment

+ Addendum bo — SSPC to respond to comment

+ Addendum bp — SSPC to respond to comments

+ Addendum br — S5PC to respond to comments

+ Addendum cd - SSPC to respond to comments

+ Addendum cqg - SSPC to respond to comments

Page 4/9
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&

ASHRAE SSPC 90.1 MEETING AGENDA

Summer Annual, Kansas City, MO
Marmiott

June 22-24, 2019
Draft agenda June 10, 2018

TPS Working Group (Skalko)

+ Addendum cbh - SSPC to respond to comments
Renewables Working Group (Culp)

¢+ Addendum by — SSPC to respond to comments

Meeting Reminder — Fall Interim Meeting (October 10-12, 2019 Atlanta, GA)
End of Full Committee Meeting.........cociimmimmmaninsrssnsss s s sssssiss s e 12 Pl

Full Committee Sunday, June 23, 2019 ... 9am.-12 p.m. COT

1)
a)
b)
?)
3)

4)

9)

6)

Introductions
Sign-in and Querum Determination (ASHRAE Staff)
Introductions of members and guests (Erbe)
Announcements (Erbe)
Bias and Conflict Forms
DOE/ PNNL Update (Williams/Rosenberg)
Integrated Grid Efficiency Buildings and Energy Code — Presentation (Franconi 20 Minutes)
Subcommittee and Working Group (Continuation) — SC to provide updates on Work Plans
Mechanical
.
Format & Compliance
.
Envelope
.
ECB
.
Lighting
AES WG (Lord)
Status of the 2022 work plan-SC responsibilities and time line
Scalar WG Update
User's Manual Update({Culp)
Starts July 1

Page 5/9
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ASHRAE S5PC 90.1 MEETING AGENDA

Summer Annual, Kansas City. MO
Marriott

June 22-24, 2019
Draft agenda June 10, 2018

b) User's Manual Task Group - Update
7) Continuous Maintenance Proposals Status — Reconcile with outstanding items from ASHRAE
Staff— Conrad
a) Johnston (2) & Patel
8) Interpretations — Status- Reconcile with outstanding items from ASHRAE Staff — Conrad
9) Public time to address SSPC (30 minutes).
Persons wishing to address the Project Committee should contact the Chair (Drake Erbe —

drakeerbe@aixchange.com ) by NOON June 12, 2019.
End of Full Committee Meeting.......ccow e e se s e ssssas s e srnsnssssmsesens 12 p.m.

Page 6/9
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ASHRAE S5PC 90.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Mamiott
June X2-24, 2018
Diraft agenda June 10, 2019

1) Full Committee Monday, June 24, 2019 .....inncisnnsesissaas 8:00 AM-12:00 PM CDT
2) Introductions
a) Sign-n and Quorum Determination (Barbaree)
b) Introduction of members and guests (Erbe)
3) Announcements (Erbe)
a) Bias and Conflict Forms
4) Membership (Erbe)
3) Future Meetings
a) Fall Interim Meeting — AES October 9; October 10-12, 2019 in Atlanta @ ASHRAE HQ
b) Annual Winter Conference — January 31- February 3 in Orlando
6) Subcommittee and Working Group Votes that didn't happen Saturday or Sunday
a) Envelope
.
b) Lighting
.
c) ECB
.
d) Format & Complianca
.
e) Mechanical
.
Renewables WG Report (Culp)
Commissioning WG Report (Lord)

8) Brief overview of subcommittee plans

9) Other Business
L LT T RN 12 PM

Page 7/9
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ASHRAE 55PC 90.1 MEETING AGENDA
Summer Annual, Kansas City, MO
Mamiott
June 22-24, 2018
Diraft agenda June 10, 2019

Kansas City Meeting Schedule

All meetings are in the Marriott-East on the Trianon Level

SSPC 90.1 Energy Eff. Design of New Bldg.
Saturday 8:00 AM-12:00 PM Marriott-East, Trianon Level, Trianon AB
Sunday 9:00 AM-12:00 PM Marriott-East, Trianon Level, Trianon AB

Monday 8:00 AM-12:00 PM Marriott-East, Trianon Level, Trianon AB

SSPC 90.1 Envelope Subcommittee
Friday 9;00 AM-8:00PM Marriott-East, Trianon Level, Trianon D
Saturday 1:00 PM-8:00 PM  Marriott-East, Trianon Level, Trianon D

Sunday 1:00 PM-8:00 PM Marriott-East, Trianon Level, Trianon D

SSPC 90.1 Envelope Subcommittee Working Group
Friday 5:00 PM-7:00 PM Marriott-East, Trianon Level, Trianon A

Saturday 4:00 PM-6:00 PM Marriott-East, Trianon Level, Trianon E

SSPC 90.1 Lighting Subcommittee
Friday 9:00 AM-10:00 PM  Marriott-East, Trianon Level, Trianon C
Saturday 1:00 PM-7:00 PM  Marriott-East, Trianon Level, Trianon C

Sunday 1:00 PM-8:00 PM  Marriott-East, Trianon Level, Trianon C
Page 8/9

November 2020 Energy Systems Laboratory, Texas A&M University System



&

ASHRAE S5PC 90.1 MEETING AGENDA
Summer Annual, Kansas City. MO
Marriott
June 22-24, 2018
Draft agenda June 10, 2018

SSPC 90.1 Mechanical Subcommittee
Friday 9:00 AM-8:00 PM Marriott-East, Trianon Level, Trianon B
Saturday 1:00 PM-7:00 PM Marriott-East, Trianon Level, Trianon AB

Sunday 1:00 PM-8:00 PM Marriott-East, Trianon Level, Trianon AB

SSPC 90.1 ECB Subcommittee
Friday 4:00 PM-9:00 PM Marriott-East, Trianon Level, Lido
Saturday 1:00 PM-5:00 PM Marriott-East, Trianon Level, Lido

Sunday 1:00 PM-4:00 PM Marriott-East, Trianon Level, Lido

SSPC 90.1 Format & Compliance Subcommittee
Friday  5:00 PM-10:00 PM  Marriott-East, Trianon Level, Burgundy
Saturday 1:00 PM-5:00 PM  Marriott-East, Trianon Level, Burgundy

Sunday 4:00 PM-7:00 PM  Marriott-East, Trianon Level, Trianon E

SSPC 90.1 Renewable Energy Working Group

Sunday 3:00 PM-5:00 PM  Marriott-East, Trianon Level, Burgundy

Page 9/9
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6.4.44  ASHRAE SSPC 140

AGENDA -SSPC 140
Standard MOT for the Evaluation of Building Energy Analysis Computer Programs

Monday Jun 24, 2019; Kansas City

Time: 2:15P - 6:15P
Location: Marriott-West, 2nd Floor, Basie C1
Chair: Joel Neymark

1. Introductions: Sign-in sheet, parficipant introductions, quomm (= & Vhs).

2. Chair Announcements /35 min.]
- See bottom gf next page

3. Memberstup [5 min.J

4. Acceptance of Previous Mimites [5 min_ ]
5. Adjustments to Agenda? /5 min.J

6. Basecamp Site [Eruis 5 min]

7. 140-2017-A: Update Section 5.2 (IEA BESTEST thermal fabric, 1995) test spec/example results
[Neymark 15 min].
s Round 6 (final): 7 results sets thru May 2019 for final sim trial draft of Sep 2018
+  Meeting summary BESTEST Thermal Fabric Working Group, and Schedule
+ Items for Std 140 addendum. P/PR ballot planned next Feb

8. DOE Empirical Validation Activities Uudkoff 15 min]
+ Project update, brief discussion

0.00.1 ECB/140 Acceptance Criteria WG Summary [Glazer 20 min.]
*  Summary of Sunday ECB/140 4p — 6p discussion: acceptance criteria, efc.
+ Dhscussion: role of SSPC 140, efc.

10. Test Suite Prioritization Roadmap [JNTPMAT/ Others, up fo 2 hours; 3:30p start]
+*  Objective: Approval of current “living” roadmap document
+ DUpdate and Pre-Meeting Voting Results [NeymarkEouis, 15 minutes]
+  Discussion
+ Possible additional brief presentations, if needed [Judkoff, Kruis, McDowell, Muehieisen,
Neymark, Witte]
+ Supplementary prioritization voting if needed [Eruis/Nevinark, 30 min ]
+ Approval of roadmap document [Neymark/Wiite, 10 min]

11. SSPC 140 Website /sspel40 ashraepes org/index html) [SaemAdcDowell, 5 min ]
+ DUpdates this cycle

s  Thanks to Eric

12. Future Stakeholder Meeting [Aduehlaisen 15 min]
+  Topics
+  Meeting format
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[Ttems we can come back fo if time]

Ta. 140-2017-A- Update Section 5.2 [if time, Nevmark].
* Items for Std 140 addendum P/PR ballot planned next Feb

9a.00.1 ECB/140 Acceptance Criteria WG Summary [if'time, Glazer]
+ Discussion role of SSPC 140, etc.

[Following items if time permits]

13. Incentive Programs [JudkoffFRoth, 10 min]
s New IRS Sec 179D mles {commercial building tax deductions under PATH Act) for
projects placed in service on or affer Jan 1. 2016 require testing against Standard 140-
2014 and use of 90.1-2007 as the base case (instead of 90.1-2001) .
+ RESNET Accreditation:
o HERS Tools; Exasting Homes Tax Credit Compliance
o 45L Tax Credit Compliance is by DOE, references RESNET

14. SSPC 140 Work Plan [Skip, JN's Reminder fo update it.]
15. New business

16. Adjourn

For Item 2. Chair Announcements

- 140-2017 is cwrrent; integrated airside HVAC cases with 140-2014 test suites.

- IRS rules re the deduction for energy efficient commercial buildings require software
used for assessing tax credits be tested as follows for projects placed in service:

o On/after Jan 1.2016: test to 140-2014 (except Secs. 5.2.4. 7. 8) 11 progs (26 vers.)
qualified: same as last January

o On or before Dec 31, 2015 test to 140-2007, 13 programs qualified.

New submittals to ron.judkeff@nrel.gov.

Qualified programs listed at htip://energy.gov/eere/buildings/qualified-software-

calculating-commercial-building-tax-deductions (Last check 09Jun2019).

- RESNET or DOE list 3 (last check 19Jun2019) tools as either accredited for HERS
ratings, “45L7 tax credit compliance (DOE). Required tests are NREL s HERS
BESTEST (included since Std 140-2011), along with equipment modeling and other
modeling tests developed by RESNET. “45L7 submit to DOE
(45Lsoftwareiee.doe.gov) Other submittals to RESNET
(htip:/www.resnet.us/ professional programs/software).

- ASHEAE 90.1 and 189.1 reference Standard 140;

- 90.1-2016, published Fall 2016, references 140-2014 (except Sections 7, 8)
- 90.1-2019, to be published Nov 2019, refs 140-2017 (except Sections 7, 8).
- 2018 IECC cites 140-2014; IGCC citation accords with [ECC.
- ASHEAF 90.2-2018 is published, references Standard 140, Section 7
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6.4.45 ASHRAE SSPC 189.1

ASHRAF/TUSGBC/TESTCC S5PC 1801,
Standard for High-Performance Green Buildings Except Low-Rise Residential Buildings
June 25-26, 2019 Meeting, Kansas City Anmual Meeting, Kansas City Marriott Downtown
AGENDA

Tuesday, 8:00 a.m. to 10:00 a.m. (Central Time) — Marrioot East, Trianon AB, Trianon Level
‘Wednesday, 8:00 a.m. to noon (Central Time) — Marriott West, Basie A, 2% Floor
1. Call to order

1. ASHRAF Code of Ethics Commitment

In this and all other ASHRAF meetings, we will act with honesty, fairness, courtesy, competence, integrity
and respect for others, and we shall avoid all real or perceived conflicts of interests. (See full Code of
Ethics: https://www ashrae org/about-ashrae/ashrae-code-of-ethics )

3. Logistics — Staff
o Bias/conflict announcement
o Voting members (Balaras. Conrad, Cross. Cudahy, Edelson. Eley, Floyd, Francis, Gitlin, Gracie-
Griffin. Hednick, Hogarth. Horn, Jouaneh. Leslie, Mason. McHugh, McMillen, Paliaga, Pape.
Fosenstock, Schoen, Sovocool, Stanke, Subasic. VanGeem, West, Wilen, Winters)
o Guest Infroductions

4. Review Agenda

w

Chair’s Reminders and Remarks

o Membership duty to consider the issues, voice their opindons, and vote on all standards actions. In
parficular to read, consider and vote on continuation letter ballots that may be 1ssued from meetings
when the member was absent.

o Do not communicate with committes members during letter ballots.

o Include ASHRAFE copyright on all working drafts.

o Do not to distribute draft addenda. internal committee documents (e.g. input from designated
reviewers ) of member contact information outside of conumittes.

o Revised copyright language — no SEHPCAC

6. User's Manual status
o ASHRAF Staff preparing EFP
o Project Monitoring Subcommittes — Request Volunteers

7. Approval of Meeting Minutes
o Mimtes pending for 5/28. Vote to approve.

8. 189.1-2020 publication schedule

o Target publication date — fall 2020.

o Last regular public review period — early summer 2020, and only if no comments.

o Last regular PPR period for addenda with comments — spring 2020, PC approval in December.
9. Requests for Interpretation (RFT) status: None Pending
10. CMP status (submission date): Gitlin — Site and related definitions and usage

11. Addenda Status
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o Publication Approvals in Process:
+ 189 1bm (District Energy System Modeling)
= Public Review closed for:
# 180 1a ISC (Cool Roofs in CZ4) — 3 comments from 3 commenters. Responses sent — no
commenter reply
* 180,16 ISC {Alternate Renewables Maxinmim Area) — 1 unresolved comment on PPR1.
» 180 1k (Performance Renewables) — 3 comments from 3 commenters
* 180 1m (Hot Water Distribution) — 0 comments, 3 negative PC votes
* 1890 1o (Section 5 Non-Core) — 9 comments, § negative PC votes
* 180 1p (Section 7 Non-Core) — 7 comments, 0 negative PC votes
* 180 15 (Section & Non-Core) — 2 comments, 3 negative PC votes
* 180 1t (Section 9 Non-Core) — 3 comments — Response fo comment 002/0002 sent
* 180 1u (Delete Flashing) — 1 comment — Comment response sent
* 189 1w (Asr Tightness) — 1 conument
» 180 1x (Elevators) — 0 comments. 3 negative PC votes
* 180 1y (Mechanical Penetrations) — 1 conunent
* 180 1z (Source Energy) — 16 comments, 1 negative PC vote without reason
# 189 1aa (Emissions Factors) — 17 comments. 0 negative PC votes
* 189 1ac (Demand Response) — 2 comments. 0 negative PC votes
o PPR Approved — Began 5/17
* 189 1ab (Views) — PPR closes 7/1
o Awatting SPLS approval for PPR:
* 180 17 (Prescriptive Eenewables) ISC —Motion passed 20-1-1 — Comment responses sent
* 180.1n (Composite Wood Products) 2* Full PPR.— Motion passed 22-0-0
* 180 1q (Section 8 Non-Core) 2 PPR ISC — Motion passed 21-0-1 — Comment responses sent
* 180 1r (Section 8 Non-Core 2) 2°¢ PPR ISC — Motion passed 17-1-4 — Comment responses sent
# 180 1ae (Construction and Demolition Waste) — Motion passed 21-1-0
* 180 1af (Section 10 Non-Core) — Motion is currently passing 16-5-0, subject to a recirculation
ballof
o Other:
* 189 1ad (Chapter 7 Deletions) — Motion failed 13-1-5

12. Working Group Reports

o WG6—Pape
» 180 1m (Hot Water Distribution) — Vote for 2% PPR — Motion postponed from May 28
* 180 1m — motion to amend to make 6.3.3 a [JO] postponed from May 28
180 15 (Section 6 Non-Core) — Vote for 2 PPR

o WG 7-VanGeem
+ 189.1b (Alternate Renewables Maxinmm Area) — Vote for publication
* WGOTDAM (Fan Efficiency) — Vote for 1st PPR
* 180 1ad (Section 7 deletions) — Vote for 1st PPR
+ 189 1p (Section 7 Non-Core) — Vote for 2nd PPRISC
* 180 1p (Section 7 Non-Core) — Responses to comments — Vote to approve
* 180 1v (Mechanical Penetrations) — Vote for 2nd PPR ISC
* 180 1y (Mechanical Penefrations) — Responses to comments — Vote to approve
» 189 1x (Elevators) — Vote for publication with knowledge of unresolved objectors
* WGOTDAOL (Dwelling Umt Lighting) — Vote for 1% PPR
» WGOTDAO2 (Water Heating) — Vote for 1 PPR
* WG0TDAO3 (Low Power Fans) — Vote for 13 PPR

o WG7.5-Eley
» 180 1z (Source Energy) — Responses to comments — Vote to approve
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# 180 1aa (Emissions Factors) — Responses to comments — Vote to approve
» 180 1k (Performance Renewables) — Vote for 2 PPR
* WG075DA07 (On-Site Renewable Definition) — Vote for 1¥ PPR
WG 8 — Subasic
WG 9 —Horn
WG 10 — Schoen
WG 5 —Floyd
* 180 1a (Cool Roofs in CZ4) — Vote for publication — 3 negative PC votes
* 189 1o (Section 5 Non-Core) — Vote for 2nd PPRISC
+ 180 1o (Section 5 Non-Core) — Responses to comuments — Vote to approve
* WGO5SDAOS (Greenfield Sites) — Vote for 19 PPR
o General - Hednck
o ICC proposals — GG1-19, GG4-19 and GG5-19

= I w R w

13. New Business

14. Future Meetings
o Last Tuesday of the month 15 normal schedule, but August and October need rescheduling.
o August 207 — Poll to approve
o Monday, October 217 Tuesday. November 57 — Poll to select
o Web Meetings — July 30, August TBD, September 24, October TBD. November 26. Decemiber 17

15, Adjowrnment

ACTIONITEMS
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ASHRAE 2019 Summer Meeting — Kansas City
TC 1.5 Computer Applications- Agenda

TC 1.5 Public Web site: ht
TC 1.5 ListServ (mailng list) : te103_all Isti@listman ashrae org (Contact chair or vice chair to be added)
TC 1.5 Members-only Site: Basecamp (Contact chair (srothia\carmelsoft com ) or vice chair to be added)

{te0105 ashraetes org/

Main Committee Meeting

Monday June 24
6:30-9:00 PM CST

(25/25)

AM

Seminar Sponsoring and Cosponsoring:

Seminar 16: Multiscale Building Energy Modeling, Part 11. June 23, 1:30 - 3:00 PM
Seminar 50: How the Blockchain Will Affect You and Your Work in HVAC&R and Buildings:
Don't Get Left Behind, It's Happening Now!. June 25, 11:00 AM - 12:30 PM
Seminar 62: Predictive Analytics for HVAC Engineers: What Is in the Box?. June 25, 8:00—9:30

1. Welcome:

[}

Introductions

Roll Call: Number of voting members present to reach quorum (8): Stephen Roth (Chair),

Joshua New, Mike Galler, Steve Rosen, John Crosby, Bruce Billedeaux, Carol Lomonaco,
Tim Dwyer, Ed Tsui, Cameron Labunska

3. Review of Agenda
4. Approval of Minutes from 2019 Winter Conference in Atlanta (Basecamp)
5. Review Action Items from 2019 Winter Conference in Atlanta (open action items in
table below)
Responsible Description Due Date Completion
Alember Date
Stephen Roth Reserve Kansas City room locations 38.19 38.19
Mike Galler or | 2 website action items: Continuing 1 month after

someone else?

1. Post section announcements on web site
from subcommittee reports

2. Find previous minutes to update new
website

mtg.
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6. Subcommittee Reports:
a. Emerging Applications: Anthony Fontanini
b. Programs: Mike Galler
c. Research: Todd Gottshall
d. Handbook: Krishnan Gowri
e Standards: Steven Rosen
f Cybersecuniy: Mike Galler

7. YEA update: Dave Branson or Lindsey King

8. Chair’s Report:
a. Review goals for my 2-vear term:
1. At least 4 sponsored or co-sponsored seminars/workshops per meeting
i, At least 1 new RTAR and WS per meeting
11 At least 3 new TC 1.5 members per meeting_ In fact, since the last meeting
we have 5 new members:

Hayden Reeve
Amanda Smuth
Dan Macumber
Shichao L
Mader Moazanu
Sandeep Shinde

1. Sponsor or co-sponsor at least 1 new standard during the 2-year term
v. Fename our TC
b, Ask members to update ASHRAE profile when info changes. There 15 a new
online portal at:
hitps://web.ashrae org/tech commuittees2/index v77.php?com 1d=navedrabakuw
Present new Roster for 2019-2020
PEC report: Recommendations from TC 1.5
e. Discuss possibly holding subcommitiee meetings prior to actual ASHRAE
Meeting
f  You all will be recerving an email about employee thank you letters in early
August with details on how to request a thank you letter.
g. 2019 Remote Participation Meetings Request
h  Present dinner plans

9. Liaison Reports
a. BIM-MTG

B n
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b. TAC

10. Old Business

11. New Business

a. ASHRAE Journal 15 making plans for the 125th anniversary with articles in the
issues from July 2019 through June 2020. ASHRAE would like to publish some
articles related to future trends 1n the HVAC&R. mdustry. The publisher thought
TC 1.5 would be a good place to start in the hunt for an author(s).

b. Discuss update to TC 1.5 Title-Purpose-Scope (TPS). It was rejected by TAC in
May 2019. During the 2019 Winter Meeting, we voted to rename TC 1.5 to
“Emerging Technology Applications™. We also voted on the following updated

scope:

“TC 1.5 15 concerned with determination of emerging technology and digital
applications to the design and optinization of refrigeration. heating, and air-
conditioning systems, equipment and components thereof, and with programs
for all such uses.”

We need to revisit this.

Regarding the title, RAC suggested this: Some suggestions came up using the
word “Computer” back in the title somehow, or use “TT™" applications, eic.

Regarding the scope: The scope 1s also beconung short and needs some
revisions. The current scope says “computer applications”™ and you proposed ™
software applications™ instead. [s that really correct? It seems using computer
applications 1s more appropriate because it covers everything related to
computer, including software, drone systems, etc.

12, Next Meeting Times: ASHRAE Winter Conference, February 3, 2020 — Orlando, FL

13, Adjournment
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6.44.7 ASHRAETCA4.7

ASHRAE

TC4.7 Handbook Subcommittee
Agenda

5:00pm — 6:00 pm, June 25, 2019
Kansas City, MO

1) Sign-in / Introductions

2) Primary focus at this meeting: Review submitted revisions / questions, check status of
pending revisions, and begin organizing reviewers. Section 7 is fouled up in master file
from ASHRAE; have requested revision from ASHRAE.

3) Schedule / Upcoming Deadlines

1. Feb. 1,2020 Chapter revisions complete

2. Jun.1,2020 Revised Chapter sent to TC4.7 for review and comments

3. Jul. 1, 2020  TC4.7 approves Chapter 19 (Annual Conference, Austin, TX)

4. Jul. 31,2020 Chapter 19 sent to Handbook Committee Chair (Bass Abushakra)

4) Review/Revision of Existing Chapter 19 and Planned Additions [Green — Received / Red
— Pending]

1. GENERAL CONSIDERATIONS {Daniel Villa, Dan Macumber}

1.1 Models and Approaches
Forward (Classical) Approach
Data-Driven (Inverse) Approach

1.2 Overall Modeling Strategies
1.3 Simulating Secondary and Primary Systems
1.4 History of Simulation Method Development {Jeff Haberl}

1.5 Using Energy Models (Erik Kolderup}
Typical Applications
Choosing Measures for Evaluation
When to Use Energy Models
Improving the Use of Energy Models [NEW] {Erik Kolderup,

Sumayyah Theron}

Energy Modelers
Prototype Models [NEW] {MNeal Kruis}

1.6 Uncertainty in Modeling

1.7 Choosing an Analysis Method
Selecting Energy Analysis Computer Programs
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21

22

Degree-Day Method
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{Daniel Villa}

Variable Base Degree-Day Method

Sources of Degree-Day Data
Bin and Modified Bin Methods

3. THERMAL LOADS MODELING
Space Sensible Load Calculation Methods

3.1

3.2

3.3

Heat Balance Method
Weighting-Factor Method

{Joel Neymark}

Comprehensive Room Transfer Function Method

Themal-Network Models

Envelope Component Modeling
Above-Grade Opaque Surfaces
Below-Grade Opaque Surfaces

Fenestration [add info on RP 1588] {Neal Kruis}

Infiltration

Inputs to Loads Models
Choosing Climate Data
Internal Heat Gains
Occupant Behavior
Thermal Zoning Strategies

4. HVAC COMPONENT MODELING

4.1

42

4.3

44

4.5
46

Modeling Strategies

{Tianzhen Hong}

{Tim McDowell}

Empirical (or Regression-Based) Models

First-Principles Models
Standard 205 [NEW]
Standard 209 [NEW]

Terminal Components
Terminal Units and Controls
Underfloor Air Distribution
Thermal Displacement Ventilation

[Neal Kruis, Tim McDowell}
{Erik Kolderup}

Radiant Heating and Cooling Systems

Secondary System Components

Fans, Pumps, and Distribution Systems
Heat and Mass Transfer Components
Application to Cooling and Dehumidifying Controls

Primary System Components
Boilers
Chillers
Cooling Tower Model

Variable-Speed Vapor-Compression Heat Pump Model

Ground-Coupled Systems
Modeling of System Controls
Integration of System Models
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5. LOW-ENERGY SYSTEM MODELING {Ron Judkoff}

9.1 Natural and Hybrid Ventilation
Natural Ventilation
Hybrid Ventilation

5.2 Daylighting

53 Passive Heating

54 Passive Cooling [NEW] {Ron Judkoff}

MULTI-SCALE MODELING (NEW] {Tianzhen Hong}
6. DATA-DRIVEN MODELING {Dan Macumber, Amanda Smith}

6.1 Categories of Data-Driven Methods
Empirical or "Black-Box" Approach
Gray-Box Approach

6.2 Types of Data-Driven Models
Steady-State Models
Single-\Variate Models
Multivariate Models
Hybrid Inverse Change Point Model
Polynomial Models
Physical Models
Dynamic Models

6.3 Model Accuracy and Goodness-of-Fit

6.4 BExamples Using Data-Driven Methods
Modeling Litility Bill Data
Neural Network Models

6.5 Model Selection

7. MODEL CALIBRATION {Ralph Muehleisen}
7.1 Bayesian Analysis
7.2 Pattern-Based Approach
7.3 Multi-Objective Optimization

8. VALIDATION AND TESTING {Ron Judkoff, Joel Neymark}

8.1 Methodological Basis

Empirical Validation

Analytical Validation
Mathematical Truth Standards
Establishing Secondary Mathematical Truth Standards
Other Considerations

Combining Empirical, Analytical, and Comparative Techniques

Testing Model Calibration Using Synthetic Data

REFERENCES {All Reviewers}
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5) New topics being added in 2021 edition (Confirm placement location in Chapter):

1. Multi-Scale Modeling {Tianzhen Hong, Joshua New, Ralph Muehleisen}
+ Urban Scale
+ BEMto BIM (RP 1468)
2. Improve how to use energy modeling, when to use modeling {Erik Kolderup,
Sumayyah Theron}
3. Passive Coaling {Ron Judkoff}
4. Use of Prototype Models - & Why to Use {Neal Kruis)
5. Standard 205 {Neal Kruis, Tim McDowell}
6. Standard 209 {Erik Kolderup}
7. Completed RP's
+ RP 1588 Fenestration {Neal Kruis}

6) Mew topics for future consideration (i.e. 2025 edition and beyond).

Combined Heat and Power Systems
Optimization Across Multiple Buildings
Grid Stuff — Demand Response, Grid Interaction / Grid Response
Elevation Variations — Air property issues
Dynamic System Modeling
Thermal Zoning — Improvement
Appropriate Simplification
Example of Model Simplification — any research?
Chilled Beams (RP?)

. Renewables

- HVAC Toolkit updates (if any)

_Completed RP’s

RP 1741 Fan Coils

Chiller plant Control Strategies
RP 1742 Plug Loads

Others?

13. Misc. Ideas

« Based on the Introduction section of Joe Clarke’s book - “Energy Simulation
in Building Design” (2001) 2nd Ed., Routledge — there are a few other topics
that could be added in brief: Surface convection, interior and exterior IR
exchange, internal gains, moisture. Proposed sections on 1. Boundary
Conditions and 2. Moisture

e L

e N 1=}
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« Section recommended on recent work by PG&E and LBNL to develop
methods to test and validate the predictions of black box models, for
example:

i.  Granderson, et. al., "Accuracy of Automated Measurement and
Verification (M&Y) Technigues for Energy Savings in Commercial
Buildings,” Applied Energy 173 (2016) p. 296-308.

ii.  Price, et al, “Commercial Building Baseline Modeling Software:
Performance Metrics and Method Testing with Open Source
Models and Implications for Proprietary Software Testing,” Final
Report, ET no. ET12PGES312, Sept. 9, 2013, www.elcc-ca.com.

ii.  Jump, et al., "Functional Test Protocols for Commercial Building
Efficiency Baseline Modeling Software,” ET no. ET12PGES312,
Sept. 9, 2013, www etcc-ca.com.

« Addressing the issue of temperature based control vs. load based control in
simulation.

« Also address coupling of models? Applications and general methods?
Internal vs. external.

14. Building Energy Modeling for Net Zero (New Chapter section)
15. Atrium Modeling

7) Adjourn
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6.448 ASHRAETC7.6

ASHRAE ) Shaping Tomorrow's

Built Environment Today
TC 7.6 Building Energy Performance
https://tc0706.ashraetcs.org/
Kansas City, MO
Tuesday, June 25, 2019, 1:00-3:30 pm

TC/TG/MTG/TRG MINUTES

TC/TG/MTG/TRG No.___TC 7.6 DATE 2019-06-25

TC/TG/MTG/TRG TITLE Building Energy Performance

DATE OF MEETING_2013-06-25 @ 1-3:30pm LOCATION Kansas City, MO in KCCC, 2209

{Minutes of all Meetings are to be distributed to all persons listed below within 60 days following the meeting.)

Attendees

Dennis Landsberg
Annie Smith

Jim Kelsey

Amir Nezamdoost
Amanda Webb
Hyajin Kim

Daric Adair

Ricsen Chude
John Constantinide
Alexander Zhivov
Sara Persily

Paul Mathew
Mahabir Bhandari
Clark Donson
Annabel Zhang

Summary: Total =43, VM = 15, YEA =14 CM =6,G=121

Saba Zakeri
Rupam Singla
Caren Banister
Yang-Seon Kim
Christine Reinders
Nate Boyd
Yunyang Ye
Yeonjin Bie
Supriya Goel
Michael Rosenberg
Nicholas Long
Michael Deru
Patrick Carpenter
Chinis Balbael
Bruce Hunn

Chitra Mambiar
Jeff Habel

Dick Pearson
Eric Yang

Ali Fallahi

Cindy Bittel
Mohammad Heidaringejad
Soolyeoen Cho
Try Bush

Fredric Goldner
Cavid Eldridge
Patrica Nattan
Kimberly Pierson

TC 7.6 is concerned with the estimation, measurement, analysis, benchmarking, and management of whole
building and building systems energy and water performance. This includes performance and resource
management of new and existing buildings.

1. Roll call and Introductions

*  CQuorum achieved
+  ‘Welcomed new members, visitors, and remote attendees

TC 7.6 Aganda

Page

Landsberg
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2. Reviewed the ASHRAE Code of Ethics Commitment Landsberg
3. Accepted agendafapprove minutes of Atlanta meeting Landsberg
4.  Announcements and Chair Remarks Landsberg

*  Note that TC scope includes water, and new and existing buildings

»  Discussion of updates to Standard 105 and Guideline 14, development of Best Practices Standard 211 and
Users Manual Standard 100

# Standard 228P — Net Zero

= Anncuncements and 5t Louis Section 7 Updates: TCs will be able to reorganize themselves and are not
going to force any mergers at this point.

*  Thank you notes are available 1o be sent to employers.

*  New ASHRAE Strategic Plan revealed on Saturday. Includes 4 goals including streamlining and increased
chapter engagement.

5. Membership Kelsey
*  Currently 15 VMs.
* | Patrick Carpenter and Michael Deru rolling off 6/30/19
*  New members will be Supriya Goel and Eric Yang
= WCis lim Kelsey, Secretary is Annie Smith

6. Standing Committee Liaison Reports (TAC/RAC/StdCom/Program/SpecPub/ALl/BuildingEQ)

»  BuildingEQ Constantinide
= 437 active projects, 73,000 sf average area
= Portal being aligned with Std 211 for Level 1 reporting requirements
=  (Qutreach efforts include USGBC O+M rating to increase audit requirements for prerequisite

compliance; Argentina Green Building Council for BuildingEQ Argentinian version

#  SSPC 201 Liaison (Drake Erbe is 90.1 Chair) Chude
=+  Ongoing addendum updates
»  User manual being updated; first draft by December 2019

=  53PC 90.2 Liaison (Theresa Weston is 20.2 Chair)

= 55PC 100 Lizison (Wayne Stoppelmoor is 100 Chair) Landsberg
=  Adopted in Washington state
+  Minor modifications so it can be adopted in Canada and Saudi Arabia
= Moaodifications to the tables to accommeodate the latest CBECS data

7. Multi-Disciplinary Task Group Reports
*  MTG-IAST (Impact of ASHRAE Standards and Technology on Energy Savings/Performance) Boyd
+  Discussed ways and means with contractor

TC 7.6 Agenda Page |2
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#  Focus is what has ASHRAE's impact been as a whole rather than counting every single Btu that
ASHRAE can take credit for
= North America is scope currently; data hard to find regarding where ASHRAE standards have
been adopted internationally
*  MTG-ASEC (Avoided Source Energy Consumption Due to Waste Heat Recovery and Heat Pump
Technologies) — This MTG was disbanded last year.
*  Discussion of MTG-EBO (Effective Building O perations) Boyd
+ Focused on providing training, resources, best practices guides, and other technical resources to
the senior management level of facilities managers.

. Subcommittee Reports
A. Standing (Functional) Subcommittees
8.1 Research Yang

s 1 accepted work statement, 13 work statements in progress

= Society is looking for nominations for Outstanding Service Award

* Discussion of PTAR process: 10%: of Research Fund was given to special publications. Ferm is
available online. Slides detziling this further is on Basecamp.

& Society's overall Research Strategic Plan is in the works. Looking for volunteers to work on this.

& These announcements, subcommittee meeting minutes, and further information alse posted on
Basecamp.

#  RP-35 went to bid and had 7 responses. Subcommittee made a recommendation which voting
members approved via email vote. PMS chair and PMS members have been identified.

< Motion made by that a PMS be formed and the names that were read allowed to be on
the roster.
= 2 abstained, all other voted Yes

&  Working group formed to explore whether we should explore revising the PMP for Commercial
Buildings document (2010) or the 2012 PMP Best Practices Guide. Hyajin Kim to be the head of
the working group. Let Hyajin know if you'd like 1o join. Hunn

8.2 Handbook Constantinide

&  CBECS tables need to be provided via errata. Recommended errata will be provided to the TC for
a vote via letter ballot. If approved, electronic version (Handbook Online) will be updated.

#  Reviewing chapter 37 for updates regarding water scope with TC 2.8 Water-Energy Nexus
subcommittee.

+ Collaborating with Government Affairs committee regarding energy policies. Terry Sharp also
waorking on researching Executive Orders.

+  Chapter 42 will be reviewed by Mick Long.

=  Eric Yang will provide content to be included in the Handbook chapters.

8.3 Standards Novosel
= 5id 100 — Continuous Maintenance
e« 5td. 105-2014 Revision (Continuous Maintenance?) Carpenter
TC 7.6 Agenda Page |3
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= Agreed unanimously on a set of edits. Will issue for public review in the next couple of
maonths. Title, purpose, and scope was reviewed and approved recently.
= 3dl. 14-2014 Revision Landsberg
= Revised guideline should be out in the next 12-18 months
#* Proposed standard 2_28 on net-zero energy buildings (w/TC 2.8) Landsberg
= First meeting held unofficially Saturday at 1pm. Adding voting members for the next
meeting.
®=  Discussed direction the new standard would be taken. General consensus that every
building deserves a path to net zero but qualifiers will need to be put on when off-site
generation is allowed.
» Standard 211 Kelsey
= Maintaining compatibility with BuildingSync
= Keeping changes to a minimum to aveid substantive changes and aveid going for public
review
=  Mew standard being developed Goel
= Title: Evaluating Ruleset Implementation in Building Energy Modeling Software
" Puyrpose would be to provide tests and acceptance criteria for implementation of
rulesets and reporting in building performance modeling software.
= Standard would include rulesets with specific requirements for determining with
baseline meets code. Only software tools that comply with this standard could be used
to comply with 30.1 Appendix G.
" Cognizant TC is 4.7. Would like support from 7.6 because this TC is cognizant to 90.1.
= Maotion raised by Kelsey: To support the concept of the Standard titled “Evaluating
Ruleset Implementation in Building Energy Modeling Software”
» Passed unanimously.
8.4 Programs Smith
+ Reviewed deadlines for Orlando conference
=  Transition to Christine Reinders (new Programs Chair)
8.5 Web Site Kim
=  Discussed consolidating the five individual Basecamps for this TC into one main TC Basecamp
(like TC 4.7 did)
=  Discussion of if there is capability to only send notifications te certain groups of people or if
people can subscribe to notifications for certain folders
B. Topical Subcommittees
8.6 Monitoring & Energy Performance Webb
= 18 attendees
=  Discussed governmental policy, benchmarking tools, etc.
=  Mew York City has usage targets that allows renewable energy credits 1o be used for compliance.
= State of Washington adopted energy efficiency requirement based on ASHRAE 5td 100
= (CBECS 2018 is 2 months into data collection.

TC 7.6 Agenda Page |4

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 194

=  Subcommittee has agreed to house a potential working group to update the PMP document.
»  Minutes will be posted to the website.
8.7 Energy Management Chude
* 24 atrendees
#» Focused on education and training.
=  Revisited the Long Range Plan; key items discussed include resource management, GHG
emissions, refrigerants, water, etc.
=  Dick Pearson and Eric Yang presented the 6-hour ALl course.
8.8 Commercial Building Audits Kelsey
= Joe was unable to attend; Kelsey filled in for him.
=  Focus is to rewrite the PCBEA "Green Book,” given the implications of publication of Std 211 Will
remove definitions of the Levels 1-3 and shift focus to best practices.
=  Have some volunteer assignments; need to still do some recrganization.
=  Have calls every other week to work on it. Looking for volunteers.
8.9 Federal Buildings Thivow
= Presentations held during subcommittee meeting
=+  Discussed threat analysis topics and resiliency metrics
#*  Planning ? workshops in upcoming months — 1 in January in Alaska to “freeze” a building to 40°F,
another in Norway in April
= Sixtechnical papers need reviewers. Contact Alexander Zhivowv for him to submit you as a
suggested reviewer.
8.10 Building Data Exchange Long
+ 19 attendees
» Researching programs/softwares/websites that have their own version of data exchange (well
over 10)
= Looking into providing training and webinar to spread the word.
+  RTAR regarding levels of fidelity in the works; targeting Crlando.
9, Other Topics
*  AEDGs Reinders
=  Fero Energy Guides in the works; Office Buildings published in June 2019, Being used for the new
ASHRAE headguarters
=  Project committee formed for multi-family residential; scheduled for publication 2020.
= Looking for a new lizison next summer July 2020, Contact Christine if you're interested.
+ TC 7.3 (Operation and Maintenance Management) Interaction Constantinide
»  David Handwork will be assisting as liaison fcommunication

10. Old Business
»  Status of Technical FAQs for review and revision Landsberg
* Mo new action items
* Including IAQ Performance in TC work scope Kim
TC 7.6 Agenda Page |5
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=  Discussed in Atlanta; Jim Kelsey reach out to talk to TC 2.8 Chair yesterday but was unable to get
in touch with them.
» No proposed title change for TC 7.6; request that the scope include |EQ in the TC 7.6 scope.
=  (Questions Raised
®  Are any other TC's already including measurement of IEQ?
= MTG regarding Health and Wellness in the Built Environment exists — are they working
on this?
= Concerns with ongoing TC merger if this is the right time.
®* (Concerns with scope creep for the larger TC
= Hyojin to champion efforts with it tentatively living in Monitoring & Performance Subcommittee.

11, Adjourn

+  John C moved to adjourn; Kelsey seconded. Unanimously approved.

TC 7.6 Agenda Page |6
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6.4.5.1

Other Meetings
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Blue Bonnet Chapter Association

The following pages are meeting notes, agendas, and summaries from the Blue Bonnet Chapter Association

meetings from 2019.

President Bobby Horner
1st VP Eric Moree
2nd VP Joe Woaods
Treasurer Becky Skipper
Secrelary Tanika Claggett
Director Steve Philen
Director Palricia Loyola
Director Brian Walden
Director Barry Lightfoot
LP.P. Mike Beard
PRw
INTERNATIONAL
CODE COUNCHE
Bullding
Officials
Assoclation of
Texas
PREFERRED
EDUCATION
PROVIDER
Building
) Professional
Instituie

CHAPTER MEETING Minutes
Wednesday — February 20, 2019
Time: 6:30 pm - 8:00 pm
Abuelita’s Mexican Restaurant

1623 N Valley Mills Dr.—Waco, Texas

AGENDA

Call To Order - Bobby Horner

Prayer / Pledge—Bobby Horner / Becky Skipper

Recognition of New Members / Accomplishments— None To Date
Guests: TSTC SkillsUSA Team and Instructors

Program: 2019 TSTC Team members for SkillsUSA + Instructors/Guests
Presentation of Hardhats to Team Members

Review of Minutes from December 2018 Meeting—approved

Review of Treasurer's Report—Becky reported and approved

Old Business:

1. Annual Meeting—review—successful meeting |

New Business:
Golf Tournament Update + Annual Training Update—Bobby Horner

Committees
Proposed Calendar and Meeting Ideas—Bobby Horner
Shirley Ellis—ICC Update

Other topics?
Raffle—John Russell—TSTC Winner of lotto drawing!

A

Adjourn

4

BLUEBONNET ICC WEBSITE | Events and Training | www.blubonnet.com | Check Us out on Facebook
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CHAPTER MEETING NOTICE
Wednesday - March 20, 2019
Time: 6:30 pm - 8:00 pm

| The Junction Restaurant
1216 TX 36 - Gatesville, Texas 76528 (254-865-0351)

AGENDA
Call To Order

Prayer [ Pledge

President Bobby Horner
1stvP Eric Moree Recognition of New Members / Accomplishments—

Guests:
2nd VP Joe Woods

. Program: Andy Severy—Simpson Strong-Tie (Bluebonnet Corporate Member)

Treasurer Becky Skipper

Title: Post-Installed Anchor Applications for Residential Construction -Anchor Types -Post-
Secretary Tanika Claggett Installed Anchors -Installation Procedures -Code Requirements for Anchors -Why use Post

) -installed Anchors
Director Steve Philen
Director Patricia Loyola Review of Minutes from February 2018 Meeting
Director Brian Walden Review of Treasurer's Report
Director Barry Lightfoot Old Business:
) 1. Golf Tournament Update + Annual Training Update

LPP. Mike Beard P e

2. Committees
3. Proposed Calendar and Meeting Ideas

New Business:

1. Shirley Ellis—ICC Update
2. Letter of Support for the Plumbing Code bills — SB 1106 and HB 3622

E%%gﬂ?é%%‘% 3. SkillsUSA Competion—Corpus . -

v ) - : (‘_’/b OL_N- .*l\" v / /
4. TIVA Summer Conference—Training and Practice Exam (erepar= /9
o ELIse 5. Next Month's meeting in Gatesville again ~~Yhe Lead (1. W

6. Other topics?

Building

Officials 7. Raffle—Lotto Ticket Bouquet! (Bring some money for your chance! This

Assoclation of - was popular last month at our meeting!)

Texas
8. Adjourn

PREFERRED
EDUCATION
PROVIDER

Building
Prafessional
Institute

e

R

BLUEBONNET ICC WEBSITE | Events and Training | www.blubonnet.com | Check Us out on Facebook
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6.4.5.2  Texas Emergency Management
The following pages are meeting notes, agendas, and summaries from the Texas Emergency Management meetings
from 2019.

TEXAS

EMERGENCY MANAGEMENT

Texas Recovery Housing Summit
March 26-27, 2019

Texas A&M Hotel and Conference Center
177 Joe Routt Blvd
College Station, TX 77840

Tuesday, March 26, 2019

3:15 PM The Future of TSA in Texas
Facilitated Discussion

= Mario Chapa, Mass Care State Coordinator, TDEM
s Kathy Clark, Associate Director, Emergency Disaster
Services, The Salvation Army- TX

DRAA Impacts to IA

» Traci Brasher, Recovery Director, FEMA Region 6
Procurement/IDIQ Contracts

« Christa Lopez, Director,Texas General Land Office

6:00 PM END OF DAY 1
Wednesday, March 27, 2019

8:00 AM Continental Breakfast Provided in Meeting Room

Developing and Exercising Local Pre-Disaster
Recovery Plans

« Jonathan Wiggins, Regional Planner, City of Houston
Mayor’s Office of Public Safety and Homeland Security

9:15 AM

10:15 AM The Way Ahead
Facilitated Discussion

» Hank Lawson, Director, TEEX/NERRTC
12:00 PM End of Summit %

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 199

6.4.5.3  Houston Chapter of the International Code Council
The following pages are meeting notes, agendas, and summaries from the Houston Chapter of the International Code
Council meetings from 2019.

Houston Chapter of the International Code Council

Meeting Agenda

April 11,2019
4:00- 5:00 PM
Conlerence Room B2

1. Call to order
1I. Roll call
II1.. Approval of minutes from last meeting
IV. Open issues
a) Formal adoption of organization bylaws

V. New Business

a) Speakers: Brooks Myers & Scott Harrington, Home Depot
Building Safety Month- May 2019

b) Speaker: Shirley Ellis, ICC Board of Directors
ICC High School Technical Training Program

¢) Committee nominations
d) HCICC logo proposals
VI. Membership forum

VII. Adjournment

&
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North Texas Chapter of the International Code Council

The following pages are meeting notes, agendas, and summaries from the North Texas Chapter of the International
Code Council meetings from 2019.

NOTICE OF MEETING
- North Texas Chapter
il International Code Council
CHAPTER

Will Hold a Regular Meeting on:

Friday, April 12, 2019
11:30 a.m.

Construction Education Foundation
1401 W Royal Lane (Use E 14™ St w/GPS)
Irving, Texas 75063

Catered Lunch - 315.00 per person (Meal is optional)

P

PROGRAM:

Welcome — Call to Order — SA
Introductions and welcome all members present

Approval of March 22, 2019 Meeting Minutes — CF

Treasurer’s Financial Report — DW

Speaker — Jacqueline Brown, PE, Hilti North America — SA

Topic: IBC Code Update — Changes Relaled to Firestopping and Joint Systems
Chapter’s Upcoming Events & Members Updates/Announcements — CH

ICC Representative Updates/Announcements — SA/KS

Professional Members Updates/Announcements — EM

Employee of the Month - CH

Door Prizes — SA/CH

0. Adjournment

Suzanne Arnold, CBO Christine Hadley, CBO Carey Frazier Dylan Whitehead, CRO Eddie McCormick

Fresident Viee President Secretary Treasurer Professional Officer
City of Coppell City of lrving Cily of Frisco City of Burlesen DACA

wwwLnteice.org :
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6.45.5 Building Officials Association of Texas

The following pages are meeting notes, agendas, and summaries from the Building Officials Association of Texas
meetings from 2019.

BUSINESS MEETING
NORTH TEXAS BPI
May 21, 2019

1. OPENING MEETING/ CHECK FOR QUORUM - Brett King
2. APPROVAL OF MINUTES
3. FINANCIAL REPORT - Jeffery Widmer

4. DISCUSSION & UPDATE ABOUT 2019 ANNUAL CONFERENCE — Mike Olson

5. BOARD MEMBER UPDATES
e Legislative — Kurt Kasson
e BPI - Selso Mata
Code Review — Brett King
Disaster Response — Teresa Adrian
Awards & Scholarship — Mike Beard

6. OTHER BUSINESS
e Special Presentation by Kurt Kasson

7. ADJOURNMENT
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BOAT ANNUAL CONFERENCE
SCHEDULE AT A GLANCE

TUESDAYAUGUST 6, 2009 -+ " %l st bl
7:30-4:00 p.m. Registration Open

5:45 p.m.-6:10 p.m. Board Shuttle Bus for Texas Shoot-Out

6:30 p.m.=9:00 p.m.

Texas Shoot-Out
Dinner and bowling complimentary for all conference attendees and their family. Laser tag and

arcade games are also available.
Main Event, 1911 N. Loop 1604 East, San Antonio, 210-305-5999
8:00 p.m./9:00 p.m. Bus Back to La Cantera

‘WEDNESDAY. AUGUST 7, 2019-

7:00 a.m.-5:00 p.m. Registration Open Ballroom Foyer
7:30-8:35 a.m. Networking Breakfast with Exhibitors Ballroom DEF
8:45 a.m. Nominating Committee Meeting San Cristobal
CONCURRENT SESSIONS
8:45-10:00 a.m.
* Major Changes of the 2018 IBC Ballroom H
« Specifying Foundation Flood Vents for Building Sustainability, B Baliroom I
Durability and Performance
* Medical Gas Endorsement for Inspectors (Day 3) Ballroom G
10:00 a.m.-10:30 a.m. Networking Break with Sponsors Ballroom ABC
CONCURRENT SESSIONS
10:30-11:50 a.m.
+ Major Changes of the 2018 IBC (Part 2) Ballroom H
¢ Impact of 2016 Preserved Treated Wood Changes on Building Codes, Ballroom I
Industry Standards and Evaluation Reports
+ Medical Gas Endorsement for Inspectors (Day 3-Continued) Ballroom G
Noon-1:00 p.m. Chow Time Ballroom DEF
CONCURRENT SESSIONS
1:15-2:30 p.m.
= Major Changes between 2012 to 2018 IRC ‘Ballroom H
¢ Fire Stop Products — What is Old and What is New Ballroom I
¢ Medical Gas Endorsement for Inspectors (Day 3-Continued) Baliroom G
2:30-3:00 p.m. Networking Break with Sponsors Ballroom ABC
CONCURRENT SESSIONS
3:15-4:15 p.m. .
+ Major Changes between 2012 to 2018 IRC (Part 2) Ballroom H
« Benefits of CSST Gas Piping Systems Ballroom I
« Medical Gas Endorsement for Inspectors (Day 3-Continued) Ballroom G

o)
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4:15-5:30 p.m. Networking Reception

5:30 p.m. - Free evening

THURSDAY. AUGUSTB;2019 : i SR St b B '.-';-.ﬂv’!.i:;":.'::"'."\?. SRR e g0 o

7:00 a.m.-4:00 p.m. Registration Open
7:30-8:30 a.m. Networking Breakfast with Exhibitors

CONCURRENT SESSIONS
8:45-10:00 a.m
s Post Disaster Damage Assessment Training
—%>+ Understanding Active and Passive Floodproofing Options

for Non-Residential Buildings in a Special Flood Hazard Area

» Medical Gas Endorsement for Inspectors (Day 4)
10:00 a.m.~10:30 a.m. Networking Break with Sponsors

CONCURRENT SESSIONS
10:30-11:50 a.m.
= Post Disaster Damage Assessment Training (Part 2)
= Safe Use on Modified Shipping Containers
= Medical Gas Endorsement for Inspectors (Day 4-continued)

1/ Noon-1:30 p.m. Chow Time and Annual Business Meeting

CONCURRENT SESSIONS
1:45-3:00 p.m.
¢ Post Disaster Damage Assessment Training (Part 3)
« Building Official 101 & Legislative Issues
¢ Medical Gas Endorsement for Inspectors (Day 4-continued)

3:00-3:30 p.m. Networking Break with Sponsors
CONCURRENT SESSIONS
3:30-4:45 p.m.
e Post Disaster Damage Assessment Training (Part 4)
e Building Official 101 & Legislative Issues (Part 2)
¢ Medical Gas Endorsement for Inspectors (Day 4-continued)
6:30-8:00 p.m. BOAT Awards Dinner
8:00-10:30 p.m. Casino Night

BB g A

FRIDAY.AUGUST9,;2019 = ..

8:00-9:30 a.m. Cracker Barrel and Continental Breakfast
8:30 a.m. Jackson Plumlee Annual Golf Outing

8:00 a.m.-12:00 Noon
Medical Gas Endorsement for Inspectors-TSBPE Fxam

P
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Ballroom Terrace

Ballroom Foyer

Ballroom DEF

Ballroom H
Ballroom I

Ballroom G

Ballroom ABC

Ballroom H
Ballroom I
Ballroom G

Ballroom DEF

Ballroom H
Ballroom I
Ballroom G

Ballroom ABC

Ballroom H
Ballroom I
Ballroom G
Ballroom DEF

Ballroom ABC

San Augustine

Ballroom G
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6.4.5.6  State Agency Energy Advisory Group (SAEAG)
The following pages are meeting notes, agendas, and summaries from the SAEAG meetings from 2019.

State Agency Energy Advisory Group
LB) Office Building- 111 E. 17 Street, Austin

Agenda
April 17, 2019

9:00am SECO & OAG Update
9:20am Introductions
9:30am Cybersecurity and loT Building Automation- Presenter: Jerry Drew

Building Automation using Internet of Things (loT) technology is being accepted by
facility managers at a rapid rate. These highly flexible systems provide local and

remote access to HVAC and other building controls at a much lower cost than traditional
building automation systems. This session will explore loT BAS in both cloud and local
network configurations, and the network security implications with each deployment
solution.

2
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6.45.7  Texas Energy Summit (Previously, Clean Air Through Energy Efficiency (CATEE))

The Texas Energy Summit is a premiere educational conference and business exhibition connecting public and
private decision makers and thought leaders. Its purpose is to help communities improve decisions that determine
the energy and water intensity of the built environment, learn from examples and seek alternative renewable energy
sources — and reduce related emissions. The Texas Energy Summit is hosted by the Energy Systems Laboratory
(ESL) of the Texas A&M Engineering Experiment Station (TEES).

The following pages are conference program agendas from the Texas Energy Summit 2019.

Texas Energy Summit 2019

10:30am

WORKSHOP: Continuous Commissioning®
@ 10:30am - 1.2:30pm, Mov 12
¥ Hearing Room E02.01&

The trademarked Continuous Commissioning® (CCE) process, developed by the ESL, focuses on the
optimization of public, commercial, and institutional building operations. This workshop will provide an
overview of this extremely cost-effective process complemented by a series of case studies that illustrate
several different situations where the process has been highly effective.

7! Speakers

Saleem Khan President, Texas Energy Engineering Senvices, Inc. (d/b/a TEESI Engineering)

o

Victor Saeh Principal, Smith Seckman Reid (SSR)

o

Carlos Yagua Assoc. Research Engineer, TEES Energy Systems Laboratory

¢

Greg Zeig Principal, HHS Associates

Mitchell Paulus Energy Engineer, Command Commissioning

11:00am

WORKSHOP: Texas Emissions Reduction Plan (TERP) 101
@ 11:00am - 12:00pm, Mow 12
¥ Hearing Room E2.014
The Texas Emissions Reduction Plan (TERP) is our state's voluntary program to reduce mobile-sources

emissions. This panel will discuss its programs, funding. health benefits and economic benefits. The
Volkswagen semtlement funding will be discussed, too.

v! Speakers

Clay FOpe Frincipal, Lapitol ACDBSS Parers
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tj'Fl.lS- Fesd Interim Director & Consendation Dirsctor, Sk Cuh, Lone Star Chapaer

Mike Willson Director, Alr Grants Dvision, Office of Alr, Texas Commission an Envincn menta | Qual oy {TCEQ)

1:00pm

WORKSHOP: Future Directions for TERP

@ 1:00pm - 300pm, Mav 12

@ Hearing Aoom E2.014
The Texas Emissions Reduction Plan (TERP) has served Texas since 2001, reducing emissions and improving
air quality in key areas around the state. As the program nears a 20-year milestone, what has gone well,
what could be improved, and are there areas where the program should evolve? Hear observations and
dscussion from a panel ranging from researchers to grant recipients, and come prepared to provide your
feedback!

¥+ Speakers

Mustapha Beydoun Vice President, Houston Advanoed Research Center (HART)

Glenn Choe Regulatory AffairsPrincpal Enginserg, Tayota Mator Naorth America

Lori P. Clark Program Manages, Clean Fleet and Enesgy bmprovements, Morth Central Tesas Councll of Governments
[NCTCaG)

Ken Colburn Principal and Director, LS. Programs, The Regulatory Assistance Project

Ken Gathright Eredronmental Compliance Coordinatar, Port Howston

Ann Xu Assistant Director of Techmalagy, Center for Advancing Reseanch in Transpartatian Emissions, Erergy, and
Health {CARTEEH], Texas Trarsporiation instiute (TT1

'WORKSHOP: The ERCOT Grid - A Primer
@ 1:00pm - 200pm, Mav 12
@ Hearing Aoom E0E01 &
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‘Warren Lasher Sr. Directar, System Planning, ERCOT

Carl Linvill R&P

.I.

Caitlin Smith Vice President, AE Power Adwvisors

2:00pm

WORKSHOP: The Evolution of the Grid - High Renewables and DERs, Low Cost
@ 2:00pm - 4:00pm, Nav 12
¥ Hearing Rocm E0EQ16

¥ Speakers
Leia Guccione Managing Directar, Electricity Pragram, Rocoy Mountain irsitute
Charlie Hemmeline Expcutive Director, Texas Solar Power Association

Ric Oconnell Executive Director, Gridlab

Douglas Staker W, Lkilty Business Development, EMEL X

Andrea Tosi Power System Specialist, Pecan Street Inc

3:00pm

WORKSHOP: Electric Buses
@ 3:00pm - S00pm, Nav 12
¥ Hearing Aoom E0EQ14
Seeveral Texas transit agencies have taken industry leadership positions and adopted all-electnic bus

technology. Come and hear about progects already in place 25 well as near-tenm plans, and hear from
indusitry representatiees who provide the vehicle and infrastructure technologies needed to suppart the
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electrification trarsiticn. The group will discuss the magor obstadles and solutions needed to snable large-
scale adoption of electnic buses in Texas.

¥ Speakers

Alvin Blakes Project Manager, Dallas Area Rapid Trarsit

Rob Borowski Sustainabibty Officer, Capital Metropaltan Transportation utharity

&

v

Wayne Gensler Vice President ard COD of Bus and Paratrarsit, Trinity Metro

Jobin Hall Director, Texas Eresgy Pragram, Envercnmental Deferse Fund [EDF)

Carl Holley Regicnal Director of Sales = Southwest, Greenlots, 3 member of the Shell Group

Marvin Murt Director, Fleet Englreering, Dallas Area Rapid Trarsi

e
-

Lauren Cochran Scoville Director or Sales, Frotera

5:00pm

Morth American Renewables Operation Center Towr
@ 5:00pm - E30pm, Mo 12
Q@ Cmira Austin Hotel Downtosn

Touwr the state.of the-art Marth American Renewables Operation Center located in the Owmini Hatel in
daowrtown Austin, This center provides AWE Renewabl es with the ability to not cnly manage its cen 3.8
EBigewatt {GW) capacity partfolic but also in managing a further 2.9 GW of capacity for other owners. The
tearn members within the center manage the day-to-day actiities for the purposes of safe and reliable grid
cperatians and commercial offtake matters within nearly all of the independent Systern Operators (150s) 24
hours a day. The facility is fully compliant with the ontical infrastructure pratection (£IF) reguirernents
governing edectric generation facilities. Services provided by the center include scheduling and dispatching
of power, remote management of power and voltage in accordance with MERC standands, ard offtake
arrangements under variouws contracts.

Cocktall Reception
@ 5:00pm - 6:30pm, Mav 12
@ Omni Austin Hotel Downtown

Metwark with ather Summat attendees from 5:00-6:30pm in the Lonestar room at the Omnil
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electrification transiticn. The group will discuss the magar obstackes and solutions needed to enable large-
scale adoption of electric buses i Texas.

¥ Speakers

Alvin Blakes Project Manager, Dallas Area Rapid Trarsit

Rob Borowski Sustairahility Officer, Capital Metropoltan Transportation Authariny

‘Wayne Gensler vice President ard COD of Bus and Paratransit, Trinity Metro

John Hall Director, Texas Energy Program, Environmental Deferse Fund [EDF)

Carl Holley Regicnal Director of Zales - Southwest, Greenlots, 3 membser of the Shell Group

Marvin Murt Director, Fleet Englireering, Dallas Area Rapid Trarsi

L
£l

Lauren Cochran Scowille Dinecior or Sales, Frotera

5:00pm

MNorth American Renewables Operation Center Towr
@ 5:00pm - E30pm, Now 12
@ Omra Austin Hobel Downioen

Touwr the state-of-the-art Marth American Renewables Operation Center located in the Omni Hatel in
dawritawn Mustin, This center provides AWE Renewables with the ability to not only manage its cwn 3.8
gigematt ({GW) capacdty partfolio but also in managing a further 2.% GW of capacdty for other owners. The
tearn mesmibers. within the center manage the day-to-day activities for the purposes of safe and reliable grid
operations and commercial offtake matters wathin nearly all of the Independent Systern Operators {150s] 24
heours a day. The facility is fully compliant with the oritical infrastructure pratection (CIP) reguirements
governing edectric generation facilities. Services provided by the center include scheduling and dispatching
of power, remote management of power and woltage in accordance with NERC standards, and offtake
arrangements under varouws contracts.

Cocktall Reception
@ 5:00pm - 630pm, Mow 1F
@ Cmira Austin Hotel Downtoen

Metaark with ather Summit attendess from 5:00-6:30pm in the Lonestar room at the Omnil
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B:30am

Welcome to the 2019 Texas Energy Summit
& B:30arm - 9:00am, Maw 13
§ Capitol Auditorium

¥ Speakers

David Claridge Direcior, TEES Ermsgy Sysiems Laboratory

'i

Doug Lewin Exeoutive Director, Texas Erengy Sumimit

S:00am

Opening Keynote
@ 5:00am - 9:1 5am, Mow 13

! Speaker

Mayor Steve Adler Mayor, Ciy of Austin

B9:15am

Keynote: Evan Smith, CED Texas Tribune
@& 15am - S:45am, Kov 13
@ Capitol Auditoriem

¥ Speaker

&

Ewan Smith CED & co-founder, The Texas Tribune

B:45am

Clean Alr and Clean Energy in Texas Today (with Commisskoners Lindley (TCEQ) and DrAndrea
{PUC), and ERCOT CED Magness)

@ Gd5am - 10:45%am, Mow 13

@ Capitcl] Auditorium
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¥ Speakers

Arthur D'Andrea Commissioner, PUCT, Publc Ukilsy Commissian of Texas [PLCT)

Emily Lindley Commissicner, Texas Commission on Emvrcnmental Quadity {TCEQ)
Bill Magness President and Chief Executive Officer, ERCDT

Evan Srath CED & co-founder, The Texas Tribune

10:45am

BREAK
@ 1 045am - 11:00am, Nov 13
9 Legisiatree Conference Cenber

11:00am

Increasing Grid Reslliency with Distributed Resources
@1 100am - 1 2:00om, Now 13
@ Hearirg Aoom E0E014

v fpeakers

Suzanne Bertin Managing Director, Texas Adwanced Energy Bussness Allance (TAEB&)

Christopher L. Brewster Principal, Lioyd Gosselink, Attorneys at Law

Robert Helbon Durector of Government & Regulatony Affairs, Engle Morth America

Lots Infante Ssnior Derectior, Clean Ereegy Technalagy and Palcy, Edsan Eleiric Insbtute

Valerie Vion Schramm Strategk Research and Irmovation Manager, OPS Energy
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Improving Public Health and Resilience In Energy Corridors
@ 11:00mm - 12:000m, Moy 13
§ Hearing Room E0Z016

¥ Speakers

e

De¥on Douglass Director of Community Engagemsent, Harrs County Judge Lina Hidalgo's office

A

b

Rep_ jon Bosenthal Representative, Texas House of Representatives

Stephanie Thomas Researcher & Deganizer, Public Crizen

i,
Jo= Zietsrman Assistant Agency Director and Strasegic Advisor, Texas AERM Transportation |restioube [TT1)

State Agency Energy Leadership
& 11:00am - 12:00pm, Nov 13
@ Hearing Room E0Z010

¥ fpeakers

Darran Anderson Director of Strategy & Innowation, Tesms Department of Transpomation (TEDOT)

&

Sally Kachoris Program Specalst, Tesas Workforce Commission
Doarg Kirkley Vice President Sales, E3 Entegral Saluticns, inc.

Farshad Shahsavary Energy and Erginees rg Manager, Office of Energy Management, Texsas Facil bes Commission

i

William E. (Dub) Taylor Directar, State Energy Consendation Office {SECC)
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12:00pm

LUNCH
@ 1200pm - 12:45pm, Mov 13
@ Capitod Grill

12:45pm
Keynote: The Permian Boom: Making High Production and Clean Alr Coexist

@ 12:45pm - 1:45pm, Mow 13
@ Capitod Audstorium

¥ Speakers

Al Collins vice President of Pulilic Folicy, Ocodentad Petroleum Corporation

i

Russell Gold Senicr Reporter, The Wall Street jowmas

-

Dawid Hudson President. Xcel Energy

McCall johnson Director, External Affairs, Recurnent Energy

Sheeila M. Cdmstead Professor, Lyndon @, johrson Schood of Public Affasrs, Unsversity of Texas at Sustin [UT)

1:45pm

BREAK
@ 1:45pm - 2:15pm, Rav 13
@ Legislatree Conference Center

2:15pm

Clean Energy as an Economic Development Tool
@ 2:15pm - X15pm, Rav 13
@ Hearing Aoom B0 014

¥ Speakers

John Clamp Chief Flendal Officer, Aamo &rea Councll of Gremnments
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John Davis Formeer Staee Representat e, Corservaove Tears for Erergy nosation

Charlene Heydinger President, Texas FACE Aurharizy

Ginger Wathins Executive Director f Economic Develapment, Camenan Irdustrial Foundation

Electrifying Transportation
@ 2:15pm - X15pm, Mavw 13
@ Hearing Room E0E016

¥ Speakers

&

Fernando Cazares Hational Director, Chispa

Alison Cochran Product Flarming Manager, Peserbilt Miotors Compary

Chris George Executve Dinechor, Eviolse Houston

Tormn “Smitty” Smith Executve Director, Texss Electric Transportation Aliance [TRETRA]

David Treichler Director Sarategy and Technology, Oncor Electnc Delvery

Public Sector Energy Efficiency Requirements
@ 215pm - X15pm, Now 13
@ Hearing Room E0Z010

There are rumerous energy efficienoy requirements for public sector entities in Texas. The newest is
requiremertt that state agencies have assesments performed to debermine whether they should
subsequently implement Continuous Commssioning or some ather accepted form of exsting building
commissioning. This session will address these reguirements and fimancing options with a dsoussion of the
legislatiee intent of the commssioning assessments by the author of the legislation.
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Cliff Braddock METCD Engineering
Dawid Claridge Direcior, TEES Erergy Systems Labaratony
Rep. john Raney Representathie, Texas House of Representathes

Bahman Yazdani &ssociabe Direcior, TEES Energy Sysiems Laboratory

Fred Yebra State Energy Cansenaticn Office {SECO)

3:15pm

BREAK
@ 3:15pm - 145pm, Navw 13
@ Legislathee Conference Cenber

3:45pm

Keynote: Benji Backer, American Conservation Coalltion
@ 3:45pm - 4:15pm, Navw 13
@ Capitol Auditarium

! Speaker

Benjamin Backer President B Founder, Amencan Consenation Coalition

4:15pm

Political Movements and Climate Change
@ a:15pm - 515pm, Navw 13
@ Capitod Audftorium

¥ Speakers

Benjamin Backer President & Founder, Amencan Consenation Coalrion
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Emma Galbraith Srudent Activest, Citswen Climate Lobby Austen Climace Coalrion

Pamela M. Giblin Climate Leadership Councl Senior Policy Actdsor, Baker Boars, LLLP

Aldbert Morales 5. Political Director, American Decisions

Phoebe Sweet Marager Director, Cimate Hexus

5:15pm
Welcome Reception

@ 51 5pm - E30pm, Mov 13
? Legisiatre Conference Cerrter

- PR
u, Mo 14, 20149

8:30am

What's Happening on the ERCOT Grid and How does it Impact Alr Quality?
@ 8:3am - %:30am, Mav 14
¥ Capitod Audiorium

¥+ Speakers

-
Jeif Haberl Professor and Assiszant Derector, Texas AR University, Dept. of Architeciure and Texas AEM Engineering
Experiment Station’s Energy Systems Laboratory

Joshiua Rhodes Sericr Eresgy Analyst , Wibrart Clean Erergy

9:30am

Keynote Flenary: Utilities, Customers, and New Energy Technologles
@5 3Wam - 1k30am, Now 14
¥ Capitod Auditorium
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Kewin Boudreaus Wice President - Sustainable Solations, MPZ Energy LLC, a Shell Energy Morth Amenca Subsicdary

Debarah Kimberly ‘Wice Presiders, Customer Energy Solutions and Corparate Commurications, Austin Erergy

Joseph Kopser Executve in Residere, MoComibs Business School

Sursnne Ruswo Chief Exeouive Officer, Pecan Screet Inc

10:30am

Break
@ 10:30am - 11,;00am, Nov 14
@ Legistative Conference Center

10:45am

Being Resllient through the Pitfalls of Energy Management
@ 1045am - 11:45am, Hov 14
@ Hearing Aoom EDZ.014

¥ Speakers
Jim Brown Senlcr Princpal, EAL Energy Sysiom Associmes, Inc
Danny Helm Energy Manager, Arfingion Independent Schood Disarict

Dawid Hoedebeck Director of Malntenance, Round Rogk 150

3

Ashley Williams Director of Conroulim, Tesss Energy Maragers Association (TEWMA]

11:00am

Imnowvation for Indwstrial Emissions Reductions
&1 1:00am - 1 2:00pm, Nov 14
@ Hearing Aoom EDZ 016

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 218

g
8
i

Marilu Hastings Vice President, Sustainability Programs, Cynthia and Geonge Mached Foundation

Scott Martin Principal and Ergiresering Manager, B Rvers Capital
Jazon Lankford Energy Tech Certer Director, Dovw Chemi cal

&

Alan Rossiter Executhne Dinsctar, External Relaticns/Educational Program Developmen, UH Energy, University af
Housion

g

Medlock Senior Directar, Cemter for Energy Studies

Poster Session
@1 1:00am - 1 2:00pm, Mow 14
@ Extersion, South Central Gallery

11:45am

LUNCH
@ 11:45am - 12:30pm, Now 14
@ Capited Grill

12:30pm

Big Renewables: Procuring Cheap, Clean Energy
@ 12:30pm - 1:30pm, Mow 14
@ Hearing Room E02014

¥ Speakers

Mike Bendewald Managing Partreer, Texas Energy Aggregation

2

Chris Hendrix CED & Co-Fownder, Demand Cantred 2, LLC
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Jamis Hines 5P Govemnment Affairs and General Counsel, Texas Association of Business

Beth O'Brien 5r. Marager, External Affadrs and Government Refatkans, Pamern Energy

Lacal Government Energy Leadership
@ 12:30pm « 1:30pm, Mow 14
@ Hearing Aoom EXEOTE

' fpeakers

Lara Cottingham Chief Sustainabibzy Officer, Ciry of Houstan

",

Camxidy Ellis Local Gowermiment Program Manager, South-cenaral Parnership for Energy Efficiency as a Resouroe
(SPEER]

James MicGuire: Directar af Errranmental Qualay & Sustainabality, Cry of Dallas

Poster Sesslon
@ 12:30pm - 1:30pm, Mow 14
@ Extersion, South Central Gallery

1:30pm

2019 Texas Energy Summit Awards Ceremomy
@ 1:30pm - 230pm, Kav 14
@ Capitel Auditorium

2:30pm

Closing Keymote Plenary: Policy Solutions for Clean Alr and Clean Energy
@ 2:30pm - Z:30pm, Kav 14
@ Capitol Auditorium

! Speakers

Rep. Cecil Bell Representative, Texas House of Representatives

A

Kiah Collier Reportes/Editor, The Texas Tribure

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 220

Rep. Brooks Landgraf Reprosertative, Texa House of Represenmatives

Rep. Eddie Rodriquez Represercative, Tokas House of Representatiees

Rep. Erin 2wiener Represencative, Texss House of Represencatives

Powered By Whowva
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6.4.6  Papers, Theses, etc.
6.4.6.1  Theses and Dissertations.

The following theses and dissertations were published in 2019 incorporating work related to the Texas
Emissions Reduction Plan (TERP).

e Azizkhani, M. “Investigating the Level of Application/Education of Passive/Natural Systems in the
Design of Sustainable Buildings in the US", PhD., Department of Architecture, April 2019.

The purpose of this research is to examine the degree of adoption and education of the concepts of
natural systems for heating, cooling, and lighting (i.e., passive systems) versus artificial/mechanical
systems (i.e., active systems) in the design of sustainable buildings by practitioners and educators. In
addition, this research investigates the variables that may increase/reduce the application of these
systems in architectural designs. Natural systems use renewable energies or ambient conditions, while
mechanical systems often use non-renewable energies to heat, cool, ventilate, and illuminate buildings.
Although an extensive list of publications about natural systems exist, there are very few studies about
the approaches/tools used by professionals for the design of natural systems in sustainable buildings.
This research seeks to fill this gap through three methodologies, including: a content analysis, a case
study, and a survey questionnaire to practitioners/educators. The findings show that there is a low
percentage of the application of passive/natural systems in architecture design in the US. To promote
the application of passive systems, the clients’ desire/collaboration, building code/rating systems, and
simulation tools for passive design are the most influential factors according to a survey of the
practitioners in the US. The findings also indicate that the education of passive/natural systems in the
US architecture schools are mainly focused on discussions at the conceptual level, which iii needs to
be further developed to include the teaching of the simulation of these systems as well. Overall, the
findings suggest that investment in several areas can facilitate the application of passive systems in the
US, which include: better educational focus on the simulation/calculation of passive systems; stronger
connection between academia and the building industry focused on passive design; providing user-
friendly tools for the design of passive systems; better collaboration between architects, clients, and
engineers; reducing the work experience gap between retiring faulty and new faculty; better focus on
passive design in integrated design studios; and strong inclusion of passive systems in building
codes/rating systems. The long term goal of this study is to pave the way for reducing a building’s
energy consumption by shifting society’s dependency from non-renewable energies to renewable
energies.

e Ahn, J, “Origins of Whole-Building Energy Simulation Programs Used for High Performance
Commercial Buildings: Contributions of the MATEUS, SHEP, TACS, CP-26, CP-33 and RESPTK
Programs”, MS., Department of Architecture, August 2019.

Today, there are many building energy simulation programs in use. Some programs are publicly
available, while others are restricted to private use. However, currently, there are only a few large,
public domain programs that are widely used, such as DOE-2.2/eQUEST, TRNSYS, EnergyPlus and
proprietary programs, such as TRACE and HAP. All these programs have their roots in the
development of the 1950s and 1960s.

Several previous papers have traced the origins of building energy simulation programs to the Post
Office program. However, there were earlier programs that were not widely discussed in these
previous papers, including the Mathematical Analysis of Thermal Environment in Underground
Shelters (MATEUS) program, the SHelter Environmental Prediction (SHEP) program, the Thermo-
dynamic Analysis Computer System (TACS) program and several miscellaneous computer programs
that contributed significantly to the development of the Post Office program and the NBSLD program,
which included: the FORTRAN IV program to calculate heat flux response factors for a multi-layer
slab (i.e., the CP-26 program), the Response Factors Calculation program (RESPTK) and the
FORTRAN IV program to calculate z-transfer functions for the calculation of transient heat transfer
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through walls and roofs (i.e., the CP-33 program). In addition, contributions of the American Society
of Heating, Refrigerating and Air conditioning Engineers (ASHRAE) Task Group on Energy
Requirements (TGER) to the development of early computer programs were not widely discussed in
detail in these previous studies. Therefore, this study revisits the importance of the earlier programs
that contributed to the development of the Post Office program and the NBSLD program.

6.4.6.2  Papers
6.4.6.2.1  Published Papers in 2019

The following papers were published in 2019 incorporating work related to the Texas Emissions Reduction Plan
(TERP).

e Farias, F., Kota, S., Jeong, W., Kim, J., Alcocer, J, Haberl, J.S., Clayton, M.J., Yan, W., 2019.
“Development of a Reference Building Information Model (BIM) for Thermal Model Compliance
Testing - Part 11: Test Cases and Analysis (RP-1468)", ASHRAE Transaction.

This paper is the second of two papers that report on theresults of ASHRAEResearchProjectRP-
1468.Accuratebuildingperformance analysis is necessary for designing highperformancesustainable
buildings. This paper discusses theanalysis of selected test cases conducted to arrive at mappingrules.
The test cases presented include alternative modeling ofcurved facades; alternative modeling of an
arched windowwith shades; and the analysis of the alternative location ofthermal surfaces with respect
to the outside face, centerline,and inside face of an exterior wall. The test cases were modeledusing
Building Information Models (BIMs) and buildingenergy simulation (BES) tools, and simulations
wereperformed. A Rapid Analysis of Energy Simulation Results(RAESR) spreadsheet tool was
developed to support thecomparison of simulation results. The development processand tools used to
conduct the analyses are provided in the finalthree-volume report so theymaybe of use to other
researchers.

Link: https://www.techstreet.com/standards/at-19-013-development-of-a-reference-building-
information-model-bim-for-thermal-model-compliance-testing-part-ii-test-cases-and-analysis-rp-
1468?product_id=2043942

e Shin, M., Haberl, J.S., 2019. “Thermal Zoning for Building HVAC Design and Energy Simulation: A
Literature Review", Energy and Buildings, Vol 203.

Building energy simulation programs can be useful tools in evaluating building energy performance
during a building's lifecycle, both at the design and operation stages. In addition, simulating building
energy usage has become a key strategy in designing high performance buildings that can better meet
the needs of society without consuming excess resources. Therefore, it is important to provide accurate
predictions of building energy performance in building design and construction projects. Although
many previous studies have addressed the accuracy of building energy simulations, very few studies of
this subject have mentioned the importance of Heating, Ventilation, and Air-Conditioning (HVAC)
thermal zoning strategies to sustainable building design. This research provides a systematic literature
review of building thermal zoning for building energy simulation. This work also reviews previous
definitions of HVAC thermal zoning and its application in building energy simulation programs,
including those appearing in earlier studies of the development of new thermal zoning methods for
simulation modeling. The results indicate that future research is needed to develop a well-documented
and accurate thermal zoning method capable of assisting designers with their building energy
simulation needs.

Link: https://www.sciencedirect.com/science/article/pii/S0378778819312769

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 223

e Shajahan, A, Culp, C.H., Williamson, B., 2019. “Effects of Indoor Environmental Parameters Related
to Building Heating, Ventilation, and Air Conditioning Systems on Patients’ Medical Outcomes: A
Review of Scientific Research on Hospital Buildings”, Indoor Air, Vol 29, Issue 2, pp.161-176.

The indoor environment of a mechanically ventilated hospital building controls infection rates as well
as influences patients’ healing processes and overall medical outcomes. This review covers the
scientific research that has assessed patients’ medical outcomes concerning at least one indoor
environmental parameter related to building heating, ventilation, and air conditioning (HVAC)
systems, such as indoor air temperature, relative humidity, and indoor air ventilation parameters.
Research related to the naturally ventilated hospital buildings was outside the scope of this review
article. After 1998, a total of 899 papers were identified that fit the inclusion criteria of this study. Of
these, 176 papers have been included in this review to understand the relationship between the health
outcomes of a patient and the indoor environment of a mechanically ventilated hospital building. The
purpose of this literature review was to summarize how indoor environmental parameters related to
mechanical ventilation systems of a hospital building are impacting patients. This review suggests that
there is a need for future interdisciplinary collaborative research to quantify the optimum range for
HVAC parameters considering airborne exposures and patients’ positive medical outcomes.

Link: https://onlinelibrary.wiley.com/doi/full/10.1111/ina.12531
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6.5  Solar Test Bench (STB)

This section introduces the activities that were carried out using the Solar Test Bench (STB) during the calendar
year of 2019, and the activities summary is listed as follow:

e Regular maintenance

e Weekly report.

6.5.1  Solar Test Bench Setup

Figure 64 shows the exterior view of the STB. In addition, the whole STB setup comprises the sensors indicated in
Table 34, which includes the sensor name, make, model and serial number along with the multiplier, offset and unit.

=y

PSP[1]

LICOR[4]

LCOR[Si{ Wws[2], wp[2]
1

TOAL, Rz}

TS ¥

ATA LOGGER
HUTRI

- s { \
Figure 64. Exterior View of the Solar Test Bench

Table 34. List of the sensors updated to the end of 2019

Index Sensor Serial
Number Name Make Model Number Multiplier Offset Unit
0.18 -40 °F
1 TOA/RH[1] | Vaisala HMP45A [ D2430006 0.10 NA %
0.18 -40 °F
2 TOA/RH[2] | Vaisala HMP155A | G3220004 0.10 NA %
1.79 0.629 MPH
3 WS/WD[1] [ Met One 034B H4735 712 NA Degree
1.79 0.629 MPH
4 WS/WDJ2] [ Met One 034B M5048 712 NA Degree
5 LICOR[3] Licor Li-cor PY15L25 75.59 NA wim?
6 LICOR[4] Licor Li-cor PY49745 75.03 NA Wim?
7 LICOR[5] Licor Li-cor PY 74409 200 NA Wim?
8 LICOR[6] Licor Li-cor PY 74438 200 NA wim®
9 LICOR[7] Licor Li-cor PY 74439 200 NA wim?
10 LICOR[8] Licor Li-cor PY 474450 200 NA wim?
11 PSP[1] Eppley PSP 13673F3 125.63 NA Wim?
12 PSP[2] Eppley PSP 16881F3 103.09 NA wi/m?
13 PSP[3] Eppley PSP 35417F3 112.74 NA wim®
14 NIP[1] Eppley NIP 14851E6 118.06 NA wim?
15 NIP[2] Eppley NIP 16620E6 117.79 NA wim?
16 BWI1] Eppley 8-48 20226 96.99 NA wim?
17 BWI[2] Eppley 8-48 33886 98.62 NA wim?
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6.5.2 2019 STB Activities

6.5.2.1  Regular Maintenance

The solar test bench regular maintenance is carried out every two weeks, the desiccants for PSPs, B&Ws are replaced,
and the used one are recycled. The alignment for the solar tracker and the covers for the B&Ws are checked, and the
occurred problems were fixed by restarting the solar tracker and manually adjusting the devices. The sensor wiring
connections are checked and fixed as needed.

6.5.2.2  Weekly Report

The data logger downloaded data have been checked every week, and the STB data was compared with NOAA data
in STB weekly report. Figure 65 shows the example plots comparing the STB data with the NOAA data.
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Figure 65: Comparisons of the STB Data with the NOAA Data
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6.5.3  Future work Plan

o Datalogger firmware update

o New global solar radiation (the combination of direct and diffuse solar radiation) measurement instrument
installation

e Remote weather station installation
6.5.4  Acknowledgements

This task could not be completed without the help of many students/staffs among another Farshad Kheiri, Sungkyun
Jung, Qinbo Li, Chul Kim, and Jounghwan Ahn from ESL, TAMU.

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 227
References

ASHRAE 1993. ANSI/ASHRAE Standard 136-1993 (RA 2006) - A Method of Determining Air Change Rates in
Detached Dwellings. Atlanta, GA: American Society of Heating, Refrigerating, and Air-Conditioning Engineers,
Inc.

ASHRAE 90.1 1989 Energy Standard for Buildings Except Low-Rise Residential Buildings. American Society of
Heating, Refrigeration and Air Conditioning Engineers, Inc., Atlanta, GA.

ASHRAE 90.1 1999 Energy Standard for Buildings Except Low-Rise Residential Buildings. American Society of
Heating, Refrigeration and Air Conditioning Engineers, Inc., Atlanta, GA.

ASHRAE 2004. “Advanced Energy Design Guide for Small Office Buildings,” American Society of Heating,
Refrigeration and Air-conditioning Engineers, Atlanta, GA.

ASHRAE 2013. ANSI/ASHRAE/IESNA Standard 90.1-2013, Energy Standards for Building Except Low-Rise
Residential Buildings. American Society of Heating and Refrigerating and Air-conditioning Engineers, Inc., Atlanta,
GA.

ASHRAE 2016. ANSI/ASHRAE/IESNA Standard 90.1-2016, Energy Standards for Building Except Low-Rise
Residential Buildings. American Society of Heating and Refrigerating and Air-conditioning Engineers, Inc., Atlanta,
GA.

ASHRAE Standards Addenda, 2008, available at: http://www.ashrae.org/technology/page/132

CBECS 2012. USDOE Commercial Building Energy Characteristics Survey. U.S.D.O.E. Energy Information
Agency Report. https://www.eia.gov/consumption/commercial/data/2012/#b34-b37

Choi, J., "Analysis of the Impact if Using Improved Multi-layer Window Models for Code-Compliant Residential
Building Energy Simulation in Texas,"M. S., Department of Architecture, December 2014.

Do, S. L., “Development and Application of a Ground-Coupled Heat Pump Simulation Model for Residential Code-
Compliant Simulation in Texas," Department of Architecture, May 2014.

Dodge. 2017. Dodge Data & Analytics construction starts information, Texas at the county level by select project
types. New York, NY: Dodge Data& Analytics. https://www.construction.com/.

Dodge. 2018. Dodge Data & Analytics construction starts information, Texas at the county level by select project
types. New York, NY: Dodge Data& Analytics. https://www.construction.com/.

Dodge. 2019. Dodge Data & Analytics construction starts information, Texas at the county level by select project
types. New York, NY: Dodge Data& Analytics. https://www.construction.com/.

Haberl, J., Baltazar-Cervantes, J.C., Gilman, D., Culp, C., Yazdani, B., Claridge, D., Mao, C., Sun, Y.,
Narayanaswamy, A., 2011, "Statewide Air Emissions Calculations from Wind and Other Renewables", August
2011, Energy Systems Laboratory Report No. ESL-TR-11-08-01.

Haberl, J., Baltazar-Cervantes, J.C., Culp, C., Yazdani, B., Claridge, D., Mao, C., Do, S., 2012, "Statewide Air
Emissions Calculations from Wind and Other Renewables", July 2012, Energy Systems Laboratory Report No.
ESL-TR-12-07-01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Mao, C., Kota, S., 2013, "Statewide Air Emissions Calculations
from Wind and Other Renewables”, July 2013, Energy Systems Laboratory Report No. ESL-TR-13-07-01.

November 2020 Energy Systems Laboratory, Texas A&M University System


https://www.construction.com/
https://www.construction.com/
https://www.construction.com/

2019 TERP Report, Vol. I, p. 228

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Do, S., Oh, S., 2014, "Statewide Air Emissions Calculations
from Wind and Other Renewables", July 2014, Energy Systems Laboratory Report No. ESL-TR-14-07-01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Oh, S., Mao, C., 2015, "Statewide Air Emissions Calculations
from Wind and Other Renewables", July 2015, Energy Systems Laboratory Report No. ESL-TR-15-07-01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Jung, S., Kheiri, F., 2016, "Statewide Air Emissions
Calculations from Wind and Other Renewables", September 2016, Energy Systems Laboratory Report No. ESL-TR-
16-09-01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Jung, S., Kheiri, F., 2017, "Statewide Air Emissions
Calculations from Wind and Other Renewables", August 2017, Energy Systems Laboratory Report No. ESL-TR-17-
08-01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Jung, S., Kheiri, F., Shin, M., 2018, "Statewide Air Emissions
Calculations from Wind and Other Renewables", July 2018, Energy Systems Laboratory Report No. ESL-TR-18-08-
01.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Jung, S., Kheiri, F., Kim, C., 2019, "Statewide Air Emissions
Calculations from Wind and Other Renewables: Volume 1", July 2019, Energy Systems Laboratory Report No.
ESL-TR-19-07-02.

Haberl, J., Baltazar, J.C., Yazdani, B., Claridge, D., Jung, S., Kheiri, F., Kim, C., 2019, "Statewide Air Emissions
Calculations from Wind and Other Renewables: Volume Il - Technical Appendix", July 2019, Energy Systems
Laboratory Report No. ESL-TR-19-07-03.

Haberl, J., Culp, C., Yazdani, B., Fitzpatrick, and Turner, D., 2002, “Texas’s Senate Bill 5 Legislation for Reducing
Pollution in Non-attainment and Affected Areas,” Annual Report to the Texas Natural Resource Conservation
Commission, July, Energy Systems Laboratory Report ESL-TR-02-07-01.

Haberl, J., Culp, C., Yazdani, B., Fitzpatrick, T., Bryant, J., Turner, D., 2003, “Energy Efficiency/Renewable
Energy Impact in the Texas Emissions Reduction Plan (TERP),” Volume II- Technical Report, Annual Report to
the Texas Commission on Environmental Quality, September 2002 to August 2003, Energy Systems Laboratory
Report ESL-TR-03-12-04.

Haberl, J., Culp, C., Yazdani, B., Gilman, D., Fitzpatrick, T., Muns, S., Verdict, M., Ahmed, M., Liu, Z., Baltazar-
Cervantes, J.C., Bryant, J., Degelman, L., Turner, D. 2004. “Energy Efficiency/Renewable Energy Impact in the
Texas Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission
on Environmental Quality, September 2003 to August 2004, Energy Systems Laboratory Report ESL-TR-04-12-04.

Haberl, J., Culp, C., Yazdani, B., Gilman, D., Fitzpatrick, T., Muns, S., Verdict, M., Ahmed, M., Liu, Z., Baltazar-
Cervantes, J.C., Bryant, J., Degelman, L., and Turner, D. 2006. “Energy Efficiency/Renewable Energy Impact in the
Texas Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission
on Environmental Quality, September 2004 to December 2005, Energy Systems Laboratory, Report ESL-TR-06-06-
08.

Haberl, J., Culp, C., Yazdani, B., Gilman, D., Fitzpatrick, T., Muns, S., Liu, Z., Baltazar-Cervantes, J.C.,
Mukhopadhyay, J., Degelman, L., McKelvey, K., Montgomery, C., Ahmed, M., Verdict, M., 2007. “Energy
Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan (TERP)”, Volume Il — Technical
Report, Annual Report to the Texas Commission on Environmental Quality, January 2006 to June 2007, Energy
Systems Laboratory, Report ESL-TR-07-12-02.

Haberl, J., Culp, C., Yazdani, B., Gilman, D., Fitzpatrick, T., Muns, S., Liu, Z., Baltazar-Cervantes, J.C.,
Mukhopadhyay, J., Degelman, L., and Claridge, D. 2008. “Energy Efficiency/Renewable Energy Impact in the

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 229

Texas Emissions Reduction Plan (TERP)”, Volume 11 — Technical Report, Annual Report to the Texas Commission
on Environmental Quality, January 2007 to December 2007, Energy Systems Laboratory, Report ESL-TR-08-12-02.

Haberl, J., Culp, C., Yazdani, B., Gilman, D., Muns, S., Liu, Z., Baltazar-Cervantes, J.C., Mukhopadhyay, J.,
Degelman, L., and Claridge, D. 2009. “Energy Efficiency/Renewable Energy Impact in the Texas Emissions
Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission on Environmental
Quality, January 2008 to December 2008, Energy Systems Laboratory, Report ESL-TR-09-12-02.

Haberl, J., Culp, C., Yazdani, B., Lewis, C., Liu, Z., Baltazar-Cervantes, J.C., Mukhopadhyay, J., Gilman, D.,
Degelman, L., McKelvey, K., and Claridge, D. 2010. “Energy Efficiency/Renewable Energy Impact in the Texas
Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission on
Environmental Quality, January 2009 to December 2009, Energy Systems Laboratory, Report ESL-TR-10-12-02.

Haberl, J., Yazdani, B., Lewis, C., Liu, Z., Baltazar-Cervantes, J.C., Mukhopadhyay, J., Gilman, D., Degelman, L.,
McKelvey, K., Zilbershtein, G., and Claridge, D. 2011. “Energy Efficiency/Renewable Energy Impact in the Texas
Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission on
Environmental Quality, January 2010 to December 2010, Energy Systems Laboratory, Report ESL-TR-11-12-03.

Haberl, J., Yazdani, B., Baltazar-Cervantes, J.C., Lewis, C., Parker, P., Ellis, S., Mukhopadhyay, J., Kim, H.,
Gilman, D., Degelman, L., Zilbershtein, G., and Claridge, D. 2012. “Energy Efficiency/Renewable Energy Impact in
the Texas Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas
Commission on Environmental Quality, January 2011 to December 2011, Energy Systems Laboratory, Report ESL-
TR-12-12-05.

Haberl, J., Yazdani, B., Baltazar-Cervantes, J.C., Parker, P., Ellis, S., Mukhopadhyay, J., Kim, H., Gilman, D.,
Degelman, L., Zilbershtein, G., and Claridge, D. 2013. “Energy Efficiency/Renewable Energy Impact in the Texas
Emissions Reduction Plan (TERP)”, Volume Il — Technical Report, Annual Report to the Texas Commission on
Environmental Quality, January 2012 to December 2012, Energy Systems Laboratory, Report ESL-TR-13-10-04.

Haberl, J., Yazdani, B., Baltazar-Cervantes, J.C., Do, S.L., Ellis, S., Mukhopadhyay, J., Parker, P., Degelman, L.,
Zilbershtein, G., and Claridge, D. 2014. “Energy Efficiency/Renewable Energy Impact in the Texas Emissions
Reduction Plan (TERP)”, Volume | — Technical Report, Annual Report to the Texas Commission on Environmental
Quality, January 2013 to December 2013, Energy Systems Laboratory, Report ESL-TR-14-11-01.

Haberl, J., Yazdani, B., Baltazar-Cervantes, J.C., Do, S.L., Ellis, S., Mukhopadhyay, J., Parker, P., Degelman, L.,
Zilbershtein, G., and Claridge, D. 2015. “Energy Efficiency/Renewable Energy Impact in the Texas Emissions
Reduction Plan (TERP)”, Volume | — Technical Report, Annual Report to the Texas Commission on Environmental
Quality, January 2014 to December 2014, Energy Systems Laboratory, Report ESL-TR-15-11-01.

Haberl, J., Yazdani, B., Baltazar-Cervantes, J.C., Do, S.L., Ellis, S., Mukhopadhyay, J., Parker, P., Degelman, L.,
Zilbershtein, G., and Claridge, D. 2017. “Energy Efficiency/Renewable Energy Impact in the Texas Emissions
Reduction Plan (TERP)”, Volume | — Technical Report, Annual Report to the Texas Commission on Environmental
Quality, January 2015 to December 2015, Energy Systems Laboratory, Report ESL-TR-16-11-01.

Haberl, J., Baltazar-Cervantes, Yazdani, B., J.C., Parker, P., Ellis, S., Zilbershtein, G., and Claridge, D. 2018.
“Energy Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan (TERP)”, Volume | —
Technical Report, Annual Report to the Texas Commission on Environmental Quality, January 2016 to December
2016, Energy Systems Laboratory, Report ESL-TR-17-12-01.

Haberl, J., Baltazar-Cervantes, Yazdani, B., J.C., Parker, P., Ellis, S., Zilbershtein, G., and Claridge, D. 2019.
“Energy Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan (TERP)”, Volume | —
Technical Report, Annual Report to the Texas Commission on Environmental Quality, January 2017 to December
2017, Energy Systems Laboratory, Report ESL-TR-18-12-02.

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 230

Haberl, J., Baltazar-Cervantes, Yazdani, B., J.C., Parker, P., Ellis, S., Zilbertshtein, G., and Claridge, D.
2019. “Energy Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan (TERP)”,
Volume | — Technical Report, Annual Report to the Texas Commission on Environmental Quality,
January 2018 to December 2018, Energy Systems Laboratory, Report ESL-TR-19-10-01.

ICC. 2009. 2009 International Energy Conservation Code. Country Club Hills, IL: International Code Council, Inc.
ICC. 2006. 2006 International Energy Conservation Code. Country Club Hills, IL: International Code Council, Inc.
ICC. 2009. 2009 International Energy Conservation Code. Country Club Hills, IL: International Code Council, Inc.
ICC. 2015. 2015 International Energy Conservation Code. Country Club Hills, IL: International Code Council, Inc
ICC. 2018. 2018 International Energy Conservation Code. Country Club Hills, IL: International Code Council, Inc
Katlsa G.H. etal. 1996. “Energy Efficiency as a Commodity,” ACEEE Summer Study on Energy Efficiency in
Buildings.

Kim, K. H., "Development of an Improved Methodology for Analyzing Existing Single-FamilyResidential Energy
Use," Department of Architecture, August 2014.

LBL. 1993. DOE-2 BDL Summary Version 2.1E. LBL Report No. 349346. Berkley, CA: Lawrence Berkeley
Laboratory.

Lim, A., "A Comparative Analysis of Predicting Energy Savings From Energy Service Projects," Department of
Civil Engineering, May 2014.

Means, R. 2006. “Building Construction Cost Data” R.S. Means, Kingston, Massachusetts.
NAECA. 2006. National Appliance Energy Conservation Act.

NOAA 2019. Local Climatological Data (LCD), National Oceanic and Atmospheric Administration, U.S.
Department of Commerce. available at: https://www.ncdc.noaa.gov

Home Innovation Research Labs, 2013, 2014, 2015, 2016, 2018. Builder Practices Survey Reports, Upper Marlboro,
Maryland.

NAHB. 2008. The Builders Practices Survey Reports. National Association of Home Builders. Upper Marlboro,
MD: NAHB Research Center.

NREL. 2001. Building America house performance analysis procedures. (NREL/TP-550-27754) Golden, CO:
National Renewable Energy Laboratory. p. 34.

NREL. 2019. National Solar Radiation Data Base: 1991 - 2005 Update: Typical Meteorological Year 3, Golden,
CO. National Renewable Energy Laboratory. available at: https://rredc.nrel.gov/solar/old_data/nsrdb/1991-

2005/tmy3/

Public Utility Commission of Texas, PUC, 2020, available at: http://www.puc.state.tx.us/

Real Estate Center (REC). 2019. Building permits Texas. https://www.recenter.tamu.edu/data/building-permits/

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 231

TCEQ. 2016. "Texas Emissions Reduction Plan: Guidelines for Emissions Reduction Incentive Grants", Report No.
RG-388, Texas Commission on Environmental Quality, available at:
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/rg/rg388/rg-388.pdf

Texas State Energy Conservation Office (SECO), 2018, available at: http://www.seco.cpa.state.tx.us/

USDOE. 2011. Building Energy Standard Program: Final Determination Regarding Energy Efficiency
Improvements in the Energy Standard for Buildings, Except Low-Rise Residential Buildings,
ANSI/ASHRAE/IESNA Standard 90.1-2010. Federal Register 76(202):64904-64923.

USDOE. 2014. Building Energy Standard Program: Final Determination Regarding Energy Efficiency
Improvements in ANSI/ASHRAE/IES Standard 90.1-2013: Energy Standard for Buildings, Except Low-Rise
Residential Buildings. Federal Register 79(187):57900-57915.

USDOE. 2018. Final Determination Regarding Energy Efficiency Improvements in ANSI/ASHRAE/IES Standard
90.1-2016: Energy Standard for Buildings, Except Low-Rise Residential Buildings. Federal Register 83(39):8463-
8465.

USEPA. 2016. Emissions & Generation Resource Integrated Database (eGRID), eGRID 2016. Energy and the
Environment, United States Environmental Protection Agency (July).

USEPA. 2018. Emissions & Generation Resource Integrated Database (eGRID). Energy and the Environment,
United States Environmental Protection Agency. https://www.epa.gov/energy/emissions-generation-resource-
integrated-database-egrid.

Bibliography

ACEEE 2004. The Most Energy-Efficient Appliances. Washington, DC: American Council for An Energy Efficient
Economy.

Ahmed, M., Gilman, D., Mukhopadhyay, J., Haberl, J., Culp, C. 2005a. “Development of a Web-based Emissions
Reduction Calculator for Code-compliant Single-Familyand Multi-family Construction,” Proceedings of the 5™
International Conference for Enhanced Building Operations, Pittsburg, PA (October).

Ahmed, M., Gilman, D., Kim, S., Haberl, J., Culp, C. 2005b. “Development of a Web-based Emissions Reduction
Calculator for Code-compliant Commercial Construction,” Proceedings of the 5™ International Conference for
Enhanced Building Operations, Pittsburg, PA (October).

ARI 2001. Unpublished ARI Internal Report by Karim Amrane, Ph.D., Air Conditioning and Refrigeration Institute,
Arlington, VA (July).

ASHRAE Task Group on Energy Requirements. 1975. Procedures for determining heating and cooling loads for
computerized energy calculations; algorithms for building heat transfer subroutines. Atlanta: American Society of
Heating Refrigeration and Air-Conditioning Engineers, Inc.

ASHRAE 1989. Energy Efficient Design of New Buildings Except Low-rise Residential Buildings. ASHRAE
Standard 90.1-1989.

ASHRAE 2004. ANSI/ASHRAE/IESNA Standard 90.1-2004, Energy Standards for Buildings Except Low-Rise
Residential Buildings. American Society of Heating and Refrigerating and Air-conditioning Engineers, Inc., Atlanta,
GA.

November 2020 Energy Systems Laboratory, Texas A&M University System


https://www.tceq.texas.gov/assets/public/comm_exec/pubs/rg/rg388/rg-388.pdf
http://www.seco.cpa.state.tx.us/

2019 TERP Report, Vol. I, p. 232

ASHRAE 2007. ANSI/ASHRAE/IESNA Standard 90.1-2007, Energy Standards for Building Except Low-Rise
Residential Buildings. American Society of Heating and Refrigerating and Air-conditioning Engineers, Inc., Atlanta,
GA.

Baltazar-Cervantes, J.C., Liu, Z., Gilman, D., Haberl, J., Culp, C. 2005a. “Development of a Web-based Emissions
Reduction Calculator for Retrofits to Municipal Water Supply and WasteWater Facilities,” Proceedings of the 5
International Conference for Enhanced Building Operations, Pittsburg, PA (October).

Baltazar-Cervantes, J.C., Gilman, D., Haberl, J., Culp, C. 2005b. “Development of a Web-based Emissions
Reduction Calculator for Solar Thermal and Solar Photovoltaic Installations,” Proceedings of the 5 International
Conference for Enhanced Building Operations, Pittsburg, PA (October).

Bankrate. 2005. Federal Discount Rate. Bankrate, Inc. Retrieved June 23, 2005, from: www.bankrate.com.

CBECS 1999. USDOE Commercial Building Energy Characteristics Survey. U.S.D.O.E. Energy Information
Agency Report.

CBECS 2003. USDOE Commercial Building Energy Characteristics Survey. U.S.D.O.E. Energy Information
Agency Report.

Chen, W.J., Claridge, D.E., and Liao, J., “Chain Recooling System,” Building and Environment, Vol. 129, pp. 85-
95, 2018.

Cho, S., Mukhopadhyay, J., Culp, C., Haberl, J. S., Yazdani, B., 2007. “Recommendations for 15% Above-Code
Energy-Efficiency Measures for Commercial Office Buildings,” Energy Systems Laboratory Report No. ESL-TR-07-
09-01, Texas A&M University.

Cho, Soolyeon. Methodology to Develop and Test an Easy-to-Use Procedure for the Preliminary Selection of High-
Performance Systems for Office Buildings in Hot and Humid Climates. Diss. Texas A&M University, 2008.

Dodge. 2005. MarkeTrack: McGraw-Hill Construction Analytics. McGraw-Hill Construction Information Group,
148 Princeton-Hightstown Rd., Hightstown, N.J. http://dodge.construction.com

Dodge. 2011. MarkeTrack: McGraw-Hill Construction Analytics. McGraw-Hill Construction Information Group,
148 Princeton-Hightstown Rd., Hightstown, N.J. http://dodge.construction.com.

Erbs, D., Klein, G., Duffie, S. 1982. “Estimation of the diffuse fraction for hourly, daily and monthly-average global
radiation,” Solar Energy, Vol. 28, pp. 293-301.

Haberl, J.S. 1993. “Economic Calculations for ASHRAE Handbook,” Energy Systems Laboratory Report, No. ESL-
TR-93-04-07 (April).

Haberl, J., Cho, S. 2004a. “Literature Review of Uncertainty of Analysis Methods: F-Chart Program,” Energy
Systems Laboratory Report, No. ESL-TR-04-08-04 (October).

Haberl, J., Cho, S. 2004b. “Literature Review of Uncertainty of Analysis Methods: PV F-Chart Program,” Energy
Systems Laboratory Report, No. ESL-TR-04-10-02 (October).

Haberl, J., Cho, S. 2004c. “Literature Review of Uncertainty of Analysis Methods: ASHRAE Inverse Model Toolkit
(IMT),” Energy Systems Laboratory Report, No. ESL-TR-04-10-03 (October).

Haberl, J., Cho, S. 2004d. “Literature Review of Uncertainty of Analysis Methods: Cool Roofs,” Energy Systems
Laboratory Report, No. ESL-TR-04-10-04 (October).

November 2020 Energy Systems Laboratory, Texas A&M University System


http://www.bankrate.com/
http://dodge.construction.com/

2019 TERP Report, Vol. I, p. 233

Haberl, J., Cho, S. 2004e. “Literature Review of Uncertainty of Analysis Methods: DOE-2 Program,” Energy
Systems Laboratory Report, No. ESL-TR-04-11-01 (November).

Haberl, J., Im, P., Culp, C. 2004. “NOx Emissions Reductions From Implementation of the 2000 IECC/IRC
Conservation Code to Residential Construction in Texas,” Proceedings of the 14™ Symposium on Improving
Building Systems in Hot and Humid Climates, Texas A&M University, Richardson, Texas, accepted for publication
(February), pp. 139-150.

Haberl, J., Im, P., Culp, C., Yazdani, B., Fitzpatrick, T., Bryant, J., Turner, D. 2005. “A Simulation Methodology to
Estimate NOx Emissions Reductions From the Implementation of the 2000 IECC/IRC Conservation Code in
Texas,” IBPSA Newsletter, Vol. 15, No. 2, pp. 39-48 (October).

ICC 1999. 2000 International Energy Conservation Code. Falls Church, VA: International Code Council, Inc.

ICC 2001. 2001 Supplement to the International Energy Conservation Code. Falls Church, VA: International Code
Council, Inc.

IESNA 2000. The IES Lighting Handbook, Reference and Application, 9th Edition. New York: Illuminating
Engineering Society of North America.

Inflationdata 2005. Current Inflation Rate. Financial Trend Forecaster®. Retrieved June 23, 2005, from:
inflationdata.com/inflation.

Im, P. 2003. “A Methodology to Evaluate Energy Savings and NOx Emissions Reduction 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).

Im, Piljae. Methodology for the Preliminary Design of High Performance Schools in Hot and Humid Climates. Diss.
Texas A&M University, 2009.

Kissock, K., Haberl, J.S., Claridge, D.E. 2002. “Development of a Toolkit for Calculating Linear, Change-point
Linear and Multiple-Linear Inverse Building Energy Analysis Models,” Final Report for ASHRAE Research
Project, No. 1050-RP.

Klein, S.A., Beckman, W.A. 1985. “PV F-Chart User’s Manual: DOS Version,” F-Chart Software, 4406 Fox Bluff
Road, Middleton, Wisc. 53562, www.fchart.com.

Klein, S.A., Beckman, W.A. 1993. “F-Chart Solar Energy System Analysis: Version 6.17W,” F-Chart Software,
4406 Fox Bluff Road, Middleton, Wisc. 53562, www.fchart.com.

Kootin-Sanwu, V. 2004. “Development of Energy Efficient Housing for Low-Income Families,” Ph.D. Dissertation,
Department of Architecture, Texas A&M University (May).

LBNL 1981. “DOE-2 Reference Manual Version 2.1A. LBL-8706 Rev. 1,” Lawrence Berkeley National
Laboratory, Berkeley, CA, and Los Alamos Scientific Laboratory, Santa Fe, NM.

Liao, J., Wang, L., and Claridge, D. E., “Analysis of Whole-Building HVAC System Energy Efficiency,” ASHRAE
Transactions, VVol. 124, Pt. |, pp. 72-87, 2018.

Liu, Z., Gilman, D., Haberl, J., Culp, C. 2005a. “Development of a Web-based Emissions Reduction Calculator for
Street Light and Traffic Light Retrofits,” Proceedings of the 5" International Conference for Enhanced Building
Operations, Pittsburg, PA (October).

November 2020 Energy Systems Laboratory, Texas A&M University System


http://www.fchart.com/

2019 TERP Report, Vol. I, p. 234

Liu, Z., Baltazar-Cervantes, J.C., Gilman, D., Haberl, J., Culp, C. 2005b. “Development of a Web-based Emissions
Reduction Calculator for Green Power Purchases from Texas Wind Energy Providers,” Proceedings of the 51
International Conference for Enhanced Building Operations, Pittsburg, PA (October).

LBNL 1995. Residential Sector End-use Forecasting With EPRI REEPS 2.1: Summary Input Assumptions and
Results, J. Koomey, R. Brown, R. Richey, F. Johnson, A. Sanstad, and L. Shown, Lawrence Berkeley National
Laboratory Report No. LBL-34044-UC-1600 (December).

LBNL 2000. “DOE-2.1e, ver. 107,” Documentation Update Package #2, Simulation Research Group, Lawrence
Berkeley National Laboratory, University of California at Berkeley, Berkeley, CA (March).

Malhotra, M. 2005. “An Analysis of Maximum Residential Energy Efficiency in Hot and Humid Climates,” M.S.
Thesis, Department of Architecture, Texas A&M University.

Malhotra, M. 2005. An Analysis of Maximum Residential Energy-Efficiency in Hot and Humid Climates. MS
Thesis, College Station, TX: Texas A&M University.

Malhotra, M. and Haberl, J. 2006. “An Analysis of Building Envelope Upgrades for Residential Energy Efficiency
in Hot and Humid Climates,” Conference Paper for Presentation at SimBuild 2006, Second National Conference of
IBPSA-USA. Cambridge, MA.

Malhotra, M. and J. Haberl. 2006. An Analysis of Maximum Residential Energy Efficiency in Hot and Humid
Climates. Proceedings of the Fifteenth Symposium on Improving Building Systems in Hot and Humid Climates.
Orlando, FL.

Malhotra, M., J. Mukhopadhyay, B. Liu, J. Haberl, C. Culp, B. Yazdani. 2007. Recommendations for 15% Above-
Code Energy Efficiency Measures for Single-FamilyResidences. Energy Systems Laboratory Report No. ESL-TR-
07-09-01.

Mao, C., Baltazar, J.C, Haberl, J. 2018. “Comparison of Building Envelop Peak Load Design Methods”, Science
and Technology for the Built Environment, accepted for publication (December).

Mao, C., Baltazar, J.C., Haberl, J.S., 2018. “Literature Review of Building Peak Cooling Load Design Methods for
Commercial Buildings in the United States”, Science and Technology for the Built Environment, Volume 24, No. 3,
pp. 228-237 (March).

Mukhopadhyay, J. 2005. “Analysis of improved fenestration for code-compliant residential buildings in hot and
humid climates,” Master’s Thesis, Department of Architecture, Texas A&M University.

NAHB 2000. Builder Practices Survey Reports, National Association of Home Builders, Research Center, Upper
Marlboro, Maryland (September).

NREL 1995. User’s Manual for TMY2’s (Typical Meteorological Years). NREL/SP-463-7668, and TMY 2s,
Typical Meteorological Years Derived from the 1961-1990. National Solar Radiation Data Base, June 1995 [CD-
ROM]. Golden, Colorado: National Renewable Energy Laboratory.

NOAA 1993. Automated Surface Observing System Guide for Pilots, National Oceanic and Atmospheric
Administration, U.S. Department of Commerce, National Weather Service (April).

NREL 1995. User’s Manual for TMY2s (Typical Meteorological Years), NREL/SP-463-7668, National Renewable
Energy Laboratory (June).

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 235

Ottinger, R.L., Wooley, D.R., Robinson, N.A., Hodas, D.R., and Babb, S.E. 1991. Environmental Costs of
Electricity. Oceana Publications, Inc., New York, N.Y.

Parker, D.S., Dunlop, J.P., Barkaszi, S.F., Sherwin, J.R., Anello, M.T., and Sonne, J.K. 2000. “Towards Zero
Energy Demand: Evaluation of Super-Efficient Building Technology with Photovoltaic Power for New Residential
Housing,” Proceedings of the 2000 ACEEE Summer Study of Energy Efficiency in Buildings, 1.207-1.223.

RECenter 2005. Texas Real Estate Research Center, College of Business, Texas A&M University, College Station,
Texas. URL: recenter.tamu.edu.

Reilly, M., Winkelmann, D., Arasteh, D., and Caroll, W. 1992. “Modeling windows in DOE-2.1e. Proceedings of
Thermal Performance of the Exterior Envelopes of Buildings VI,” American Society of Heating Refrigeration and
Air-Conditioning Engineers, 1992.

Song, S. 2006. “Development of New Methodologies for Evaluating the Energy Performance of New Commercial
Buildings,” Texas A&M University, in preparation, (August).

U.S. Census 1999. County Population Estimates for July 1, 1999 and Population Change for July 1, 1998 to July 1,
1999, CO-99-1, U.S. Department of Commerce, March 9, 1999, URL: www.census.org.

USCB. 2002. Square Footage by Household and Unit Size, Income, and Costs—Occupied Units. American Housing
Survey for the United States: 2001, p. 84. U.S. Census Bureau, Current Housing Reports, Series H150/01.
Washington, DC: U.S. Government Printing Office.

USDOE 2004. Building Energy Standards Program: Determination Regarding Energy Efficiency Improvements in
the Energy Standard for Buildings, Except Low-Rise Residential Buildings, ASHRAE/IESNA Standard 90.1-1999.
Docket No. (Docket No. EE-DET-02-001). Washington, D.C.
http://www.energycodes.gov/implement/pdfs/FR_com_notice.pdf.

Wang, L., Sakurai, Y., Bowman, S.J. and Claridge, D.E., “Commissioning an Existing Heat Recovery Chiller
System at a Large District Plant,” ASHRAE Transactions, Vol. 124, Pt. I, pp. 52-60, 2018.

Weijermars, R., Burnett, D., Claridge, D., Noynaert, S., Pate, M., Westphal, D., Yu, W., and Zuo, L., “Redeveloping
depleted hydrocarbon wells in an enhanced geothermal system (EGS) for a university campus: Progress report of a
real-asset-based feasibility study,” Energy Strategy Reviews Vol. 21, pp. 191-203, 2018.

November 2020 Energy Systems Laboratory, Texas A&M University System


http://www.census.org/
http://www.energycodes.gov/implement/pdfs/FR_com_notice.pdf

2019 TERP Report, Vol. I, p. 236

Appendix A: Presentations to Various Entities at Conferences and Workshops in 2019

The Energy Systems Laboratory made presentations at several conferences and workshops about ways to save

energy, and the appendix shows the presentation slides.

e “Energy Efficiency and Renewable Energy Impacts on NOx Emission Reductions” Texas Energy Summit
conference, Austin, TX, Nov 2019, presented by Jeff Haberl.

ﬁ ENERGY SYSTEMS LABORATORY

Energy Efficiency and Renewable Energy
Impacts on NOx Emission Reductions in Texas

Jeff Haberl, Ph.D.
Juan-Carlos Baltazar, Ph.D., P.E.
Bahman Yazdani, P.E.

Texas State Capitol in Austin, Texas
November 12-14, 2019
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Appendix B: IC3 Parameter Reports

Tables between Table 35 and Table 64 show the yearly average parameter values by county.
These tables show wall cavity insulation across Texas in 2019.

Table 35: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (All Projects)

County Avg Wall Insulation MouED @il County Avg Wall Insulation House Count
(R-value) (R-value)

Anderson 13.0 1 Hopkins 13.6 13
Austin 0.0 1 Hunt 13.1 103
Bastrop 17.5 2 Jefferson 15.0 4
Bexar 13.2 101 Johnson 14.2 186
Blanco 16.0 1 Kaufman 13.2 267
Brazoria 13.0 1 Liberty 13.0 40
Brazos 2.1 149 Llano 15.2 3
Burnet 15.0 4 Mason 18.4 5
Caldwell 13.0 2 Mclennan 10.5 8

Cameron 19.0 1 Medina 6.5 2
Coleman 15.0 1 Midland 16.5 2
Collin 16.4 774 Montague 13.2 4
Comal 13.1 17 Montgomery 16.9 5
Cooke 16.2 2 Navarro 13.0 1
Dallas 14.3 1417 Nueces 13.1 191
Denton 13.9 667 Palo pinto 13.0 4

Ellis 13.9 174 Parker 14.0 219
Erath 13.0 2 Potter 0.0 1

Fort bend 12.9 4 Rains 13.0 1

Freestone 13.0 1 Rockwall 13.3 87

Galveston 16.0 10 San patricio 13.0 11
Gillespie 13.0 1 Tarrant 14.0 1977
Grayson 14.2 145 Taylor 14.0 1
Gregg 13.0 5 Travis 15.1 1559

Guadalupe 13.4 13 Van zandt 16.8 3
Harris 15.8 831 Walker 13.0 1

Hays 11.1 7 Waller 8.7 3

Henderson 13.9 32 Williamson 13.0 1

Hidalgo 13.5 2 Wise 13.6 58
Hood 13.4 89
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Table 36: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (Submitted Projects)

County Avg Wall Insulation Mo CE County Avg Wall Insulation MeuEs CE:
(R-value) (R-value)
Anderson 13.0 1 Hunt 13.2 100
Bastrop 17.5 2 Jefferson 15.7 3
Bexar 13.2 89 Johnson 14.3 178
Brazoria 13.0 1 Kaufman 13.2 255
Brazos 13.4 16 Liberty 13.0 31
Burnet 15.0 4 Llano 15.2 3
Caldwell 13.0 2 Mason 18.4 5
Coleman 15.0 1 Mclennan 14.0 6
Collin 16.5 750 Medina 13.0 1
Comal 13.1 15 Midland 16.5 2
Cooke 16.2 2 Montague 13.2 4
Dallas 14.6 1303 Montgomery 17.4 4
Denton 14.0 627 Navarro 13.0 1
Ellis 14.1 163 Nueces 13.1 189
Fort bend 12.9 4 Palo pinto 13.0 3
Freestone 13.0 1 Parker 14.2 203
Galveston 15.7 9 Rains 13.0 1
Gillespie 13.0 1 Rockwall 13.4 83
Grayson 14.4 136 San patricio 13.0 11
Gregg 13.0 3 Tarrant 14.4 1804
Guadalupe 17.7 9 Travis 15.2 1455
Harris 16.1 788 Van zandt 16.5 2
Hays 13.0 4 Walker 13.0 1
Henderson 13.9 32 Waller 13.0 1
Hidalgo 13.5 2 Williamson 13.0 1
Hood 13.4 89 Wise 13.8 55
Hopkins 13.9 9
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Table 37: Yearly Average Wall Cavity Insulation Distribution by County in 2019 (Passed Projects)

County Avg Wall Insulation House Count County Avg Wall Insulation House Count
(R-value) (R-value)
Anderson 13.0 1 Hunt 13.2 100
Bastrop 17.5 2 Jefferson 15.7 3
Bexar 13.2 89 Johnson 14.3 178
Brazoria 13.0 1 Kaufman 13.2 255
Brazos 13.4 16 Liberty 13.0 31
Burnet 15.0 4 Llano 15.2 3
Caldwell 13.0 2 Mason 18.4 5
Coleman 15.0 1 Mclennan 14.0 6
Collin 16.5 750 Medina 13.0 1
Comal 13.1 15 Midland 16.5 2
Cooke 16.2 2 Montague 13.2 4
Dallas 14.6 1302 Montgomery 17.4 4
Denton 14.0 626 Navarro 13.0 1
Ellis 14.1 163 Nueces 13.1 189
Fort bend 12.9 4 Palo pinto 13.0 3
Freestone 13.0 1 Parker 14.2 203
Galveston 15.7 9 Rains 13.0 1
Grayson 14.4 136 Rockwall 13.4 83
Gregg 13.0 3 San patricio 13.0 11
Guadalupe 17.7 9 Tarrant 14.4 1801
Harris 16.1 788 Travis 15.2 1455
Hays 13.0 4 Van zandt 16.5 2
Henderson 13.9 32 Walker 13.0 1
Hidalgo 13.5 2 Waller 13.0 1
Hood 13.4 89 Williamson 13.0 1
Hopkins 13.9 9 Wise 13.8 55
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These tables show water heater efficiencies across Texas in 2019

Table 38: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (All Projects)

County () EleEiie House Count County g ELEEiie House Count
Energy Factor Energy Factor
Anderson 0.9 1 Hopkins 0.9 13
Bastrop 1.0 1 Hunt 0.9 70
Bexar 0.9 11 Jefferson 0.9 1
Blanco 0.9 1 Johnson 0.9 164
Brazoria 0.9 1 Kaufman 0.9 133
Brazos 0.9 1 Liberty 0.9 1
Burnet 0.9 4 Llano 0.9 1
Caldwell 0.9 1 Mason 0.9 5
Collin 0.9 172 Mclennan 1.0 3
Cooke 0.9 2 Midland 0.9 1
Dallas 0.9 633 Montague 1.0 1
Denton 0.9 324 Montgomery 0.9 2
Ellis 0.9 110 Navarro 0.9 1
Erath 0.9 2 Nueces 1.0 102
Galveston 0.9 1 Palo pinto 0.9 4
Gillespie 0.9 1 Parker 0.9 160
Grayson 0.9 95 Rockwall 0.9 41
Gregg 0.9 2 San patricio 1.0 11
Guadalupe 1.0 9 Tarrant 0.9 1133
Harris 0.9 54 Travis 1.0 112
Hays 0.9 4 Van zandt 0.9 2
Henderson 0.9 29 Waller 0.9 2
Hidalgo 1.0 2 Wise 0.9 47
Hood 0.9 75

Table 39: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (Submitted Projects)

County g [EIeEiE House Count County (3 BIEE House Count
Energy Factor Energy Factor
Anderson 0.9 1 Hunt 0.9 67
Bastrop 1.0 1 Jefferson 0.9 1
Bexar 0.9 8 Johnson 0.9 159
Brazoria 0.9 1 Kaufman 0.9 127
Brazos 0.9 1 Liberty 0.9 1
Burnet 0.9 4 Llano 0.9 1
Caldwell 0.9 1 Mason 0.9 5
Collin 0.9 165 Mclennan 1.0 3
Cooke 0.9 2 Midland 0.9 1
Dallas 0.9 598 Montague 1.0 1
Denton 0.9 314 Montgomery 0.9 1
Ellis 0.9 103 Navarro 0.9 1
Galveston 0.9 1 Nueces 1.0 101
Gillespie 0.9 1 Palo pinto 0.9 3
Grayson 0.9 91 Parker 0.9 148
Gregg 0.9 1 Rockwall 0.9 40
Guadalupe 1.0 9 San patricio 1.0 11
Harris 0.9 49 Tarrant 0.9 1078
Hays 0.9 4 Travis 1.0 106
Henderson 0.9 29 Van zandt 0.9 1
Hidalgo 1.0 2 Waller 0.9 1
Hood 0.9 75 Wise 0.9 47
Hopkins 0.9 9

November 2020 Energy Systems Laboratory, Texas A&M University System



2019 TERP Report, Vol. I, p. 246

Table 40: Yearly Average Electric Water Heater Energy Factor Distribution by County in 2019 (Passed Projects)

Avg Electric Energy Avg Electric Energy

County House Count County House Count
Factor Factor
Anderson 0.9 1 Hunt 0.9 67
Bastrop 1.0 1 Jefferson 0.9 1
Bexar 0.9 8 Johnson 0.9 159
Brazoria 0.9 1 Kaufman 0.9 127
Brazos 0.9 1 Liberty 0.9 1
Burnet 0.9 4 Llano 0.9 1
Caldwell 0.9 1 Mason 0.9 5
Collin 0.9 165 Mclennan 1.0 3
Cooke 0.9 2 Midland 0.9 1
Dallas 0.9 597 Montague 1.0 1
Denton 0.9 314 Montgomery 0.9 1
Ellis 0.9 103 Navarro 0.9 1
Galveston 0.9 1 Nueces 1.0 101
Grayson 0.9 91 Palo pinto 0.9 3
Gregg 0.9 1 Parker 0.9 148
Guadalupe 1.0 9 Rockwall 0.9 40
Harris 0.9 49 San patricio 1.0 11
Hays 0.9 4 Tarrant 0.9 1076
Henderson 0.9 29 Travis 1.0 106
Hidalgo 1.0 2 Van zandt 0.9 1
Hood 0.9 75 Waller 0.9 1
Hopkins 0.9 9 Wise 0.9 47

Table 41: Yearly Average NGas Water Heater Energy Factor Distribution by County in 2019 (All Projects)

County Ry ez House Count County (5 Nieges House Count
Energy Factor Energy Factor
Bastrop 0.9 1 Jefferson 0.9 1
Bexar 0.6 86 Johnson 0.9 19
Brazos 0.7 16 Kaufman 0.7 134
Caldwell 0.9 1 Liberty 0.6 39
Coleman 0.9 1 Llano 0.8 2
Collin 0.8 534 Mclennan 1.0 3
Comal 0.6 17 Medina 0.9 1
Dallas 0.8 721 Midland 0.9 1
Denton 0.7 324 Montague 0.7 3
Ellis 0.8 61 Montgomery 0.7 2
Fort bend 0.8 4 Nueces 0.7 86
Freestone 0.8 1 Parker 0.8 57
Galveston 0.8 8 Rains 0.9 1
Grayson 0.7 48 Rockwall 0.7 45
Gregg 0.8 3 Tarrant 0.8 731
Harris 0.8 752 Travis 0.7 1346
Hays 0.6 2 Van zandt 0.9 1
Henderson 0.9 3 Walker 0.9 1
Hood 0.8 14 Williamson 1.0 1
Hunt 0.9 32 Wise 0.8 10
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Table 43: Yearly Average NGas Water Heater Energy Factor Distribution by County in 2019 (Passed Projects)

County Ly (Neks House Count County (3 (Nere House Count
Energy Factor Energy Factor
Bastrop 0.9 1 Johnson 0.9 18
Bexar 0.6 81 Kaufman 0.7 128
Brazos 0.7 15 Liberty 0.6 30
Caldwell 0.9 1 Llano 0.8 2
Coleman 0.9 1 Mclennan 1.0 3
Collin 0.8 519 Medina 0.9 1
Comal 0.6 15 Midland 0.9 1
Dallas 0.8 681 Montague 0.7 3
Denton 0.7 310 Montgomery 0.7 2
Ellis 0.8 58 Nueces 0.7 86
Fort bend 0.8 4 Parker 0.8 54
Freestone 0.8 1 Rains 0.9 1
Galveston 0.8 7 Rockwall 0.7 43
Grayson 0.7 45 Tarrant 0.8 705
Gregg 0.9 2 Travis 0.7 1276
Harris 0.8 737 Van zandt 0.9 1
Henderson 0.9 3 Walker 0.9 1
Hood 0.8 14 Williamson 1.0 1
Hunt 0.9 32 Wise 0.7 8
Jefferson 0.9 1

County

Avg NGas Energy

House Count

County

Avg NGas Energy

House Count

Factor Factor
Bastrop 0.9 1 Johnson 0.9 18
Bexar 0.6 81 Kaufman 0.7 128
Brazos 0.7 15 Liberty 0.6 30
Caldwell 0.9 1 Llano 0.8 2
Coleman 0.9 1 Mclennan 1.0 3
Collin 0.8 519 Medina 0.9 1
Comal 0.6 15 Midland 0.9 1
Dallas 0.8 681 Montague 0.7 3
Denton 0.7 309 Montgomery 0.7 2
Ellis 0.8 58 Nueces 0.7 86
Fort bend 0.8 4 Parker 0.8 54
Freestone 0.8 1 Rains 0.9 1
Galveston 0.8 7 Rockwall 0.7 43
Grayson 0.7 45 Tarrant 0.8 704
Gregg 0.9 2 Travis 0.7 1276
Harris 0.8 737 Van zandt 0.9 1
Henderson 0.9 3 Walker 0.9 1
Hood 0.8 14 Williamson 1.0 1
Hunt 0.9 32 Wise 0.7 8
Jefferson 0.9 1
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Table 44: Yearly Average Heat Pump Water Heater Energy Factor Distribution by County in 2019 (All Projects)

County Avg Heat Pump WH House Count
Energy Factor

Dallas 2.1 7
Galveston 2.3 1
Johnson 2.1 1

Parker 2.0 1

Tarrant 2.1 14

Travis 2.3 26

Table 45: Yearly Average Heat Pump Water Heater Energy Factor Distribution by County in 2019 (Submitted

Projects)

Table 46: Yearly Average Heat Pump Water

Avg Heat Pump WH

County e SR House Count
Dallas 2.1 7
Galwveston 2.3 1
Johnson 2.1 1
Parker 2.0 1
Tarrant 2.1 14
Travis 2.3 23

Heater Energy Factor

Distribution by Coun

ty in 2019 (Passed Projects)

Avg Heat Pump WH

County B House Count
Dallas 2.1 7
Galwveston 2.3 1
Johnson 2.1 1
Parker 2.0 1
Tarrant 2.1 14
Travis 2.3 23
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These tables show the average A/C SEER across Texas in 2019.

Table 47: Average A/C SEER across Counties in 2019 (All Projects)

County Avg A/C SEER House Count County Avg A/C SEER House Count
Anderson 14.0 1 Hood 14.7 89
Bastrop 17.0 Hopkins 14.0 13
Bexar 15.3 96 Hunt 14.1 103
Blanco 15.0 1 Jefferson 14.3 4
Brazoria 16.0 Johnson 14.8 184
Brazos 16.3 20 Kaufman 14.2 267
Burnet 14.0 4 Liberty 16.0 40
Caldwell 15.0 2 Llano 15.7 3
Cameron 16.0 1 Mason 16.6 5
Coleman 16.0 1 Mclennan 15.7 6
Collin 15.3 772 Medina 15.0 2
Comal 15.6 17 Midland 15.0 2
Cooke 14.0 2 Montague 15.0 4
Dallas 14.8 1382 Montgomery 15.2 5
Denton 14.8 656 Navarro 14.0 1
Ellis 14.9 173 Nueces 16.0 190
Erath 15.0 2 Palo pinto 15.8 4
Fort bend 15.0 4 Parker 15.1 217
Freestone 15.0 1 Rains 15.0 1
Galveston 16.4 10 Rockwall 14.7 86
Gillespie 16.0 1 San patricio 16.0 11
Grayson 15.0 143 Tarrant 14.8 1895
Gregg 14.0 5 Travis 16.1 1536
Guadalupe 16.2 10 Van zandt 15.3 3
Harris 15.3 810 Walker 14.0 1
Hays 15.2 7 Waller 14.0 2
Henderson 14.7 32 Williamson 14.0 1
Hidalgo 16.0 2 Wise 14.8 57
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Table 48: Average A/C SEER across Counties in 2019 (Submitted Projects)

County Avg A/C SEER House Count County Avg A/C SEER House Count
Anderson 14.0 1 Hunt 14.1 100
Bastrop 17.0 2 Jefferson 14.3 3
Bexar 15.3 89 Johnson 14.8 178
Brazoria 16.0 1 Kaufman 14.2 255
Brazos 15.9 16 Liberty 16.0 31
Burnet 14.0 4 Llano 15.7 3
Caldwell 15.0 2 Mason 16.6 5

Coleman 16.0 1 Mclennan 15.7 6
Collin 15.3 750 Medina 14.0 1
Comal 15.5 15 Midland 15.0 2
Cooke 14.0 2 Montague 15.0 4
Dallas 14.8 1303 Montgomery 15.0 4
Denton 14.8 627 Navarro 14.0 1

Ellis 15.0 163 Nueces 16.1 189

Fort bend 15.0 4 Palo pinto 16.3 3

Freestone 15.0 1 Parker 15.1 203

Galveston 16.1 9 Rains 15.0 1

Gillespie 16.0 1 Rockwall 14.7 83

Grayson 15.0 136 San patricio 16.0 11
Gregg 14.0 3 Tarrant 14.8 1804

Guadalupe 16.0 9 Travis 16.0 1455
Harris 15.3 788 Van zandt 15.0 2
Hays 15.9 4 Walker 14.0 1

Henderson 14.7 32 Waller 14.0 1
Hidalgo 16.0 2 Williamson 14.0 1
Hood 14.7 89 Wise 14.8 55

Hopkins 14.0 9
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County Avg A/C SEER House Count County Avg A/C SEER House Count
Anderson 14.0 1 Hunt 14.1 100
Bastrop 17.0 2 Jefferson 14.3 3

Bexar 15.3 89 Johnson 14.8 178
Brazoria 16.0 1 Kaufman 14.2 255
Brazos 15.9 16 Liberty 16.0 31
Burnet 14.0 4 Llano 15.7 3
Caldwell 15.0 2 Mason 16.6 5
Coleman 16.0 1 Mclennan 15.7 6

Collin 15.3 750 Medina 14.0 1
Comal 15.5 15 Midland 15.0 2
Cooke 14.0 2 Montague 15.0 4

Dallas 14.8 1302 Montgomery 15.0 4
Denton 14.8 626 Navarro 14.0 1

Ellis 15.0 163 Nueces 16.1 189
Fort bend 15.0 4 Palo pinto 16.3 3
Freestone 15.0 1 Parker 15.1 203
Galveston 16.1 9 Rains 15.0 1
Grayson 15.0 136 Rockwall 14.7 83
Gregg 14.0 3 San patricio 16.0 11
Guadalupe 16.0 9 Tarrant 14.8 1801
Harris 15.3 788 Travis 16.0 1455
Hays 15.9 4 Van zandt 15.0 2
Henderson 14.7 32 Walker 14.0 1
Hidalgo 16.0 2 Waller 14.0 1

Hood 14.7 89 Williamson 14.0 1

Hopkins 14.0 9 Wise 14.8 55
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These tables show the average ceiling insulation across Texas in 2019.

Table 50: Average Ceiling Insulation across Counties in 2019 (All Projects)

County Avg Ceil_ing House Count County Avg Ceil_ing House Count
Insulation Insulation
Anderson 38.0 1 Hopkins 41.8 13
Bastrop 34.0 2 Hunt 37.9 103
Bexar 314 96 Jefferson 38.0 3
Blanco 24.0 1 Johnson 33.6 185
Brazoria 44.0 1 Kaufman 33.2 267
Brazos 36.9 20 Liberty 37.6 40
Burnet 32.0 4 Llano 24.3 3
Caldwell 29.5 2 Mason 24.6 5
Cameron 23.0 1 Mclennan 37.3 6
Coleman 22.0 1 Medina 38.0 1
Collin 36.4 772 Midland 25.5 2
Comal 38.0 17 Montague 34.0 4
Cooke 19.5 2 Montgomery 29.0 5
Dallas 35.7 1382 Navarro 38.0 1
Denton 34.5 656 Nueces 24.5 190
Ellis 35.2 173 Palo pinto 29.3 4
Erath 38.0 2 Parker 35.7 217
Fort bend 29.6 4 Rains 38.0 1
Freestone 23.0 1 Rockwall 38.3 86
Galveston 27.8 10 San patricio 23.6 11
Gillespie 38.0 1 Tarrant 34.7 1902
Grayson 36.3 143 Taylor 14.0 1
Gregg 28.2 5 Travis 37.1 1541
Guadalupe 29.8 9 Van zandt 28.5 3
Harris 31.9 811 Walker 20.0 1
Hays 34.0 6 Waller 30.0 2
Henderson 34.1 32 Williamson 38.0 1
Hidalgo 22.2 2 Wise 39.1 57
Hood 23.1 89
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Table 51: Average Ceiling Insulation across Counties in 2019 (Submitted Projects)

County Avg Cei!ing House Count County Avg Ceil.ing House Count
Insulation Insulation
Anderson 38.0 1 Hunt 37.9 100
Bastrop 34.0 2 Jefferson 38.0 3
Bexar 31.6 89 Johnson 33.5 178
Brazoria 44.0 1 Kaufman 33.1 255
Brazos 38.0 16 Liberty 37.5 31
Burnet 32.0 4 Llano 24.3 3
Caldwell 29.5 2 Mason 24.6 5
Coleman 22.0 Mclennan 37.3 6
Collin 36.4 750 Medina 38.0 1
Comal 38.0 15 Midland 25.5 2
Cooke 19.5 2 Montague 34.0 4
Dallas 35.7 1303 Montgomery 31.0 4
Denton 34.3 627 Navarro 38.0 1
Ellis 35.2 163 Nueces 24.4 189
Fort bend 29.6 Palo pinto 26.3 3
Freestone 23.0 1 Parker 35.7 203
Galveston 28.6 9 Rains 38.0 1
Gillespie 38.0 1 Rockwall 38.3 83
Grayson 36.2 136 San patricio 23.6 11
Gregg 27.3 3 Tarrant 34.7 1804
Guadalupe 29.8 9 Travis 37.1 1455
Harris 31.9 788 Van zandt 34.0 2
Hays 36.0 4 Walker 20.0 1
Henderson 34.1 32 Waller 30.0 1
Hidalgo 22.2 2 Williamson 38.0 1
Hood 23.1 89 Wise 39.1 55
Hopkins 40.3 9
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Table 52: Average Ceiling Insulation across Counties in 2019 (Passed Projects)

County Avg Ceil_ing House Count County Avg Ceil_ing House Count
Insulation Insulation
Anderson 38.0 1 Hunt 37.9 100
Bastrop 34.0 2 Jefferson 38.0 3
Bexar 31.6 89 Johnson 33.5 178
Brazoria 44.0 1 Kaufman 33.1 255
Brazos 38.0 16 Liberty 37.5 31
Burnet 32.0 4 Llano 24.3 3
Caldwell 29.5 2 Mason 24.6 5
Coleman 22.0 1 Mclennan 37.3 6
Collin 36.4 750 Medina 38.0 1
Comal 38.0 15 Midland 25.5 2
Cooke 19.5 2 Montague 34.0 4
Dallas 35.7 1302 Montgomery 31.0 4
Denton 34.3 626 Navarro 38.0 1
Ellis 35.2 163 Nueces 24.4 189
Fort bend 29.6 4 Palo pinto 26.3 3
Freestone 23.0 1 Parker 35.7 203
Galwveston 28.6 9 Rains 38.0 1
Grayson 36.2 136 Rockwall 38.3 83
Gregg 27.3 3 San patricio 23.6 11
Guadalupe 29.8 9 Tarrant 34.7 1801
Harris 31.9 788 Travis 37.1 1455
Hays 36.0 4 Van zandt 34.0 2
Henderson 34.1 32 Walker 20.0 1
Hidalgo 22.2 2 Waller 30.0 1
Hood 23.1 89 Williamson 38.0 1
Hopkins 40.3 9 Wise 39.1 55
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These table show the average heating efficiency across Texas in 2019

Table 53: Average NGas Heating Efficiency across Counties in 2019 (All Projects)

County é\flf?cz\:eenacf/ House Count County é\flfgi]cz\:een?:f/ House Count
Bexar 0.8 89 Hunt 0.8 36
Brazos 0.8 17 Jefferson 0.8 2
Burnet 0.8 1 Johnson 0.9 21
Caldwell 0.9 1 Kaufman 0.8 137
Collin 0.8 609 Liberty 0.8 39
Comal 0.8 17 Medina 0.9
Dallas 0.9 802 Midland 0.9
Denton 0.8 343 Montague 0.8 3
Ellis 0.8 66 Montgomery 0.8 4
Fort bend 0.8 4 Parker 0.8 94
Freestone 0.9 1 Rains 0.8 1
Galveston 0.8 5 Rockwall 0.8 49
Grayson 0.8 57 Tarrant 0.8 796
Gregg 1.0 3 Travis 0.8 1313
Harris 0.8 748 Van zandt 0.9 1
Hays 0.8 3 Walker 0.8 1
Henderson 0.8 2 Wise 0.8 9
Hood 0.9 7

Table 54: Average NGas Heating Efficiency across Counties in 2019 (Submitted Projects)

County :‘/f?c!\:eenacf/ House Count County é\flf?c:\le?::il House Count
Bexar 0.8 86 Hunt 0.8 36
Brazos 0.8 15 Jefferson 0.8 2
Burnet 0.8 1 Johnson 0.9 20
Caldwell 0.9 1 Kaufman 0.8 131
Collin 0.8 594 Liberty 0.8 30
Comal 0.8 15 Medina 0.9 1
Dallas 0.9 755 Midland 0.9 2
Denton 0.8 328 Montague 0.8 3
Ellis 0.8 63 Montgomery 0.8 3
Fort bend 0.8 4 Parker 0.8 90
Freestone 0.9 1 Rains 0.8 1
Galveston 0.8 5 Rockwall 0.8 46
Grayson 0.8 52 Tarrant 0.8 765
Gregg 0.9 2 Travis 0.8 1247
Harris 0.8 733 Van zandt 0.9 1
Hays 0.8 1 Walker 0.8 1
Henderson 0.8 2 Wise 0.8 8
Hood 0.9 7
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Table 55: Average NGas Heating Efficiency across Counties in 2019 (Passed Projects)

County AE\flf?cz\leiii House Count County Alé\flf?c:\:eiii House Count
Bexar 0.8 86 Hunt 0.8 36
Brazos 0.8 15 Jefferson 0.8 2
Burnet 0.8 1 Johnson 0.9 20
Caldwell 0.9 1 Kaufman 0.8 131
Collin 0.8 594 Liberty 0.8 30
Comal 0.8 15 Medina 0.9 1
Dallas 0.9 755 Midland 0.9
Denton 0.8 327 Montague 0.8
Ellis 0.8 63 Montgomery 0.8 3
Fort bend 0.8 4 Parker 0.8 90
Freestone 0.9 1 Rains 0.8 1
Galveston 0.8 5 Rockwall 0.8 46
Grayson 0.8 52 Tarrant 0.8 763
Gregg 0.9 2 Travis 0.8 1247
Harris 0.8 733 Van zandt 0.9 1
Hays 0.8 1 Walker 0.8 1
Henderson 0.8 2 Wise 0.8 8
Hood 0.9 7

Table 56: Average Heat Pump Heating Efficiency across Counties in 2019 (All Projects)

County Avg H?é_u Pump House Count County Avg H_eé_‘t Pump House Count
Efficiency Efficiency
Anderson 10.0 1 Hopkins 8.5 13
Bastrop 8.8 2 Hunt 10.3 67
Bexar 9.6 7 Jefferson 9.8 1
Blanco 9.0 1 Johnson 9.3 161
Brazoria 13.0 1 Kaufman 8.5 130
Brazos 8.4 1 Liberty 8.2 1
Burnet 8.3 3 Llano 9.2 3
Caldwell 8.2 1 Mason 9.3 5
Coleman 8.5 1 Mclennan 8.6 6
Collin 8.6 162 Montague 8.2 1
Cooke 8.2 2 Montgomery 8.5 1
Dallas 8.9 579 Navarro 11.2 1
Denton 8.6 311 Nueces 8.7 189
Ellis 8.9 106 Palo pinto 8.2 4
Erath 8.5 2 Parker 8.7 123
Galveston 8.5 3 Rockwall 8.8 37
Gillespie 9.0 1 San patricio 8.7 11
Grayson 8.6 85 Tarrant 8.9 1080
Gregg 9.0 2 Taylor 13.0 1
Guadalupe 9.8 9 Travis 9.5 221
Harris 9.2 54 Van zandt 8.8 2
Hays 9.7 3 Waller 8.2 2
Henderson 8.2 30 Williamson 8.2 1
Hidalgo 12.0 1 Wise 8.7 48
Hood 8.7 82
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Table 57: Average Heat Pump Heating Efficiency across Counties in 2019 (Submitted Projects)

County Avg Hga}t Pump House Count County Avg H.ea.t Pump House Count
Efficiency Efficiency
Anderson 10.0 1 Hopkins 8.5 9
Bastrop 8.8 2 Hunt 10.3 64
Bexar 9.7 3 Jefferson 9.8 1
Brazoria 13.0 1 Johnson 9.3 156
Brazos 8.4 1 Kaufman 8.5 124
Burnet 8.3 3 Liberty 8.2 1
Caldwell 8.2 1 Llano 9.2 3
Coleman 8.5 1 Mason 9.3 5
Collin 8.6 156 Mclennan 8.6 6
Cooke 8.2 2 Montague 8.2 1
Dallas 8.9 548 Montgomery 8.5 1
Denton 8.6 299 Navarro 11.2 1
Ellis 8.9 100 Nueces 8.7 189
Galveston 8.5 2 Palo pinto 8.2 3
Gillespie 9.0 1 Parker 8.6 113
Grayson 8.6 83 Rockwall 8.8 37
Gregg 9.0 1 San patricio 8.7 11
Guadalupe 9.8 9 Tarrant 8.8 1034
Harris 9.1 52 Travis 9.4 207
Hays 9.7 3 Van zandt 8.2 1
Henderson 8.2 30 Waller 8.2 1
Hidalgo 12.0 1 Williamson 8.2 1
Hood 8.7 82 Wise 8.7 a7

Table 58: Average Heat Pump Heating Efficiency across Counties in 2019 (Passed Projects)

Avg Heat Pump Avg Heat Pump

County House Count County House Count

Efficiency Efficiency
Anderson 10.0 1 Hunt 10.3 64
Bastrop 8.8 2 Jefferson 9.8 1
Bexar 9.7 3 Johnson 9.3 156
Brazoria 13.0 1 Kaufman 8.5 124
Brazos 8.4 1 Liberty 8.2 1
Burnet 8.3 3 Llano 9.2 3
Caldwell 8.2 1 Mason 9.3 5
Coleman 8.5 1 Mclennan 8.6 6
Collin 8.6 156 Montague 8.2 1
Cooke 8.2 2 Montgomery 8.5 1
Dallas 8.9 547 Navarro 11.2 1
Denton 8.6 299 Nueces 8.7 189
Ellis 8.9 100 Palo pinto 8.2 3
Galveston 8.5 2 Parker 8.6 113
Grayson 8.6 83 Rockwall 8.8 37
Gregg 9.0 1 San patricio 8.7 11
Guadalupe 9.8 9 Tarrant 8.8 1033
Harris 9.1 52 Travis 9.4 207
Hays 9.7 3 Van zandt 8.2 1
Henderson 8.2 30 Waller 8.2 1
Hidalgo 12.0 1 Williamson 8.2 1
Hood 8.7 82 Wise 8.7 a7
Hopkins 8.5 9
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These tables show the average SHGC across Texas in 2019

Table 59: Average SHGC across Counties in 2019 (All Projects)

County Avg SHGC House Count County Avg SHGC House Count
Anderson 0.22 1 Hopkins 0.21 13
Bastrop 0.27 2 Hunt 0.21 103
Bexar 0.22 98 Jefferson 0.22 4
Blanco 0.22 1 Johnson 0.24 185
Brazoria 0.20 1 Kaufman 0.24 267
Brazos 0.27 21 Liberty 0.23 40
Burnet 0.25 4 Llano 0.26 3
Caldwell 0.26 2 Mason 0.25 5
Coleman 0.25 1 Mclennan 0.26 6
Collin 0.23 772 Medina 0.25 1
Comal 0.22 17 Midland 0.25 2
Cooke 0.24 2 Montague 0.23 4
Dallas 0.24 1387 Montgomery 0.24 5
Denton 0.24 657 Navarro 0.20 1
Ellis 0.23 173 Nueces 0.27 191
Erath 0.23 2 Palo pinto 0.25 4
Fort bend 0.30 4 Parker 0.24 219
Freestone 0.30 1 Rains 0.21 1
Galwveston 0.24 10 Rockwall 0.24 86
Gillespie 0.20 1 San patricio 0.26 11
Grayson 0.23 143 Tarrant 0.24 1914
Gregg 0.24 5 Taylor 0.27 1
Guadalupe 0.25 10 Travis 0.23 1545
Harris 0.27 817 Van zandt 0.27 3
Hays 0.25 6 Walker 0.25 1
Henderson 0.22 32 Waller 0.32 2
Hidalgo 0.23 2 Williamson 0.29 1
Hood 0.29 89 Wise 0.23 57
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Table 60: Average SHGC across Counties in 2019 (Submitted Projects)

County Avg SHGC House Count County Avg SHGC House Count
Anderson 0.22 1 Hunt 0.21 100
Bastrop 0.27 2 Jefferson 0.23 3
Bexar 0.21 89 Johnson 0.24 178
Brazoria 0.20 1 Kaufman 0.24 255
Brazos 0.25 16 Liberty 0.23 31
Burnet 0.25 4 Llano 0.26 3
Caldwell 0.26 2 Mason 0.25 5
Coleman 0.25 1 Mclennan 0.26 6
Collin 0.23 750 Medina 0.25 1
Comal 0.22 15 Midland 0.25 2
Cooke 0.24 2 Montague 0.23 4
Dallas 0.24 1300 Montgomery 0.24 4
Denton 0.23 626 Navarro 0.20 1

Ellis 0.23 163 Nueces 0.27 189
Fort bend 0.30 4 Palo pinto 0.25 3
Freestone 0.30 1 Parker 0.24 203
Galveston 0.25 9 Rains 0.21 1
Gillespie 0.20 1 Rockwall 0.25 83
Grayson 0.23 136 San patricio 0.26 11

Gregg 0.20 3 Tarrant 0.24 1801
Guadalupe 0.25 9 Travis 0.23 1455

Harris 0.27 787 Van zandt 0.25 2

Hays 0.27 4 Walker 0.25 1
Henderson 0.22 32 Waller 0.32 1

Hidalgo 0.23 2 Williamson 0.29 1

Hood 0.29 89 Wise 0.23 55

Hopkins 0.21 9
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County Avg SHGC House Count County Avg SHGC House Count
Anderson 0.22 1 Hunt 0.21 100
Bastrop 0.27 2 Jefferson 0.23 3

Bexar 0.21 89 Johnson 0.24 178
Brazoria 0.20 1 Kaufman 0.24 255
Brazos 0.25 16 Liberty 0.23 31
Burnet 0.25 4 Llano 0.26 3
Caldwell 0.26 2 Mason 0.25 5
Coleman 0.25 1 Mclennan 0.26 6

Collin 0.23 750 Medina 0.25 1
Comal 0.22 15 Midland 0.25 2
Cooke 0.24 2 Montague 0.23 4

Dallas 0.24 1299 Montgomery 0.24 4
Denton 0.23 625 Navarro 0.20 1

Ellis 0.23 163 Nueces 0.27 189

Fort bend 0.30 4 Palo pinto 0.25 3
Freestone 0.30 1 Parker 0.24 203
Galveston 0.25 9 Rains 0.21 1
Grayson 0.23 136 Rockwall 0.25 83
Gregg 0.20 3 San patricio 0.26 11
Guadalupe 0.25 9 Tarrant 0.24 1799
Harris 0.27 787 Travis 0.23 1455
Hays 0.27 4 Van zandt 0.25 2
Henderson 0.22 32 Walker 0.25 1
Hidalgo 0.23 2 Waller 0.32 1

Hood 0.29 89 Williamson 0.29 1

Hopkins 0.21 9 Wise 0.23 55
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These tables show the average window U-Factor across Texas in 2019

Table 62: Average Window U-Factor across Counties in 2019 (All Projects)

County Avg U-Factor House Count County Avg U-Factor House Count
Anderson 0.3000 1 Hunt 0.3094 103
Bastrop 0.2600 2 Jefferson 0.3375 4
Bexar 0.3322 99 Johnson 0.3109 185
Blanco 0.3200 1 Kaufman 0.3384 267
Brazoria 0.3000 1 Liberty 0.3278 40
Brazos 0.3650 22 Llano 0.2800 3
Burnet 0.2800 4 Mason 0.3560 5
Caldwell 0.3800 2 Mclennan 0.3183 6
Coleman 0.2100 1 Medina 0.3600 1
Collin 0.3248 772 Midland 0.3500 2
Comal 0.3500 17 Montague 0.3150 4
Cooke 0.3400 2 Montgomery 0.3100 5
Dallas 0.3170 1390 Navarro 0.3300 1
Denton 0.3283 660 Nueces 0.3246 191
Ellis 0.3253 173 Palo pinto 0.3425 4
Erath 0.3500 2 Parker 0.3258 219
Fort bend 0.3775 4 Potter 0.1000 1
Freestone 0.3000 1 Rains 0.3200 1
Galwveston 0.3260 10 Rockwall 0.3317 86
Gillespie 0.3300 1 San patricio 0.3200 11
Grayson 0.3359 143 Tarrant 0.3220 1916
Gregg 0.2940 5 Taylor 0.3000 1
Guadalupe 0.4040 10 Travis 0.3355 1545
Harris 0.3379 818 Van zandt 0.3867 3
Hays 0.3133 6 Walker 0.3500 1

Henderson 0.3428 32 Waller 0.3500 2

Hidalgo 0.3650 2 Williamson 0.3500 1

Hood 0.3390 89 Wise 0.3316 57
Hopkins 0.2954 13
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Table 63: Average Window U-Factor across Counties in 2019 (Submitted Projects)

County Avg U-Factor House Count County Avg U-Factor House Count
Anderson 0.3000 Hunt 0.3099 100
Bastrop 0.2600 Jefferson 0.3367 3

Bexar 0.3331 89 Johnson 0.3112 178
Brazoria 0.3000 1 Kaufman 0.3380 255
Brazos 0.3856 16 Liberty 0.3271 31
Burnet 0.2800 4 Llano 0.2800 3
Caldwell 0.3800 2 Mason 0.3560 5
Coleman 0.2100 Mclennan 0.3183 6

Collin 0.3247 750 Medina 0.3600 1
Comal 0.3500 15 Midland 0.3500 2
Cooke 0.3400 2 Montague 0.3150 4

Dallas 0.3169 1303 Montgomery 0.3125 4
Denton 0.3274 627 Navarro 0.3300 1

Ellis 0.3250 163 Nueces 0.3208 189

Fort bend 0.3775 Palo pinto 0.3400 3
Freestone 0.3000 Parker 0.3255 203
Galveston 0.3267 Rains 0.3200 1
Gillespie 0.3300 Rockwall 0.3320 83
Grayson 0.3362 136 San patricio 0.3200 11
Gregg 0.3000 3 Tarrant 0.3206 1803
Guadalupe 0.4167 9 Travis 0.3353 1455
Harris 0.3375 788 Van zandt 0.3500 2
Hays 0.2950 4 Walker 0.3500 1
Henderson 0.3428 32 Waller 0.3500 1
Hidalgo 0.3650 2 Williamson 0.3500 1

Hood 0.3390 89 Wise 0.3278 55

Hopkins 0.2978 9
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Table 64: Average Window U-Factor across Counties in 2019 (Passed Projects)

County Avg U-Factor House Count County Avg U-Factor House Count
Anderson 0.3000 1 Hunt 0.3099 100
Bastrop 0.2600 2 Jefferson 0.3367 3
Bexar 0.3331 89 Johnson 0.3112 178
Brazoria 0.3000 1 Kaufman 0.3380 255
Brazos 0.3856 16 Liberty 0.3271 31
Burnet 0.2800 4 Llano 0.2800 3
Caldwell 0.3800 2 Mason 0.3560 5
Coleman 0.2100 1 Mclennan 0.3183 6
Collin 0.3247 750 Medina 0.3600 1
Comal 0.3500 15 Midland 0.3500 2
Cooke 0.3400 2 Montague 0.3150 4
Dallas 0.3169 1302 Montgomery 0.3125 4
Denton 0.3274 626 Navarro 0.3300 1

Ellis 0.3250 163 Nueces 0.3208 189
Fort bend 0.3775 4 Palo pinto 0.3400 3
Freestone 0.3000 1 Parker 0.3255 203
Galveston 0.3267 9 Rains 0.3200 1
Grayson 0.3362 136 Rockwall 0.3320 83

Gregg 0.3000 3 San patricio 0.3200 11
Guadalupe 0.4167 9 Tarrant 0.3207 1800

Harris 0.3375 788 Travis 0.3353 1455

Hays 0.2950 4 Van zandt 0.3500 2
Henderson 0.3428 32 Walker 0.3500 1

Hidalgo 0.3650 2 Waller 0.3500 1

Hood 0.3390 89 Williamson 0.3500 1

Hopkins 0.2978 9 Wise 0.3278 55
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