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ENERGY SYSTEMS LABORATORY
Texas Engineering Experiment Station
The Texas A&M University System

405 Harvey Mitchell Parkway, South
College Station, Texas 77843-3581

December 22, 2011

Chairman Bryan W. Shaw

Texas Commission on Environmental Quality
P. O. Box 13087

Austin, TX 78711-3087

Dear Chairman Shaw:

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

The Laboratory 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) 845-1280 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 =

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

Enclosure
cC: Commissioner Carlos Rubinstein

Commissioner Buddy Garcia
Executive Director Mark R. Vickery, P.G.
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Disclaimer

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

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

1  Executive Summary

The Energy Systems Laboratory (Laboratory), at the Texas Engineering Experiment Station of The Texas A&M
University System, in fulfillment of its responsibilities under Texas Health and Safety Code Ann. § 388.003 (e),
Vernon Supp. 2002, submits its ninth 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 three volumes.
Volume | — Summary Report — provides an executive summary and overview;
Volume Il — Technical Report — provides a detailed report of activities, methodologies and findings;
Volume Il — Technical Appendix — contains detailed data from simulations for each of the counties included in
the analysis.

Accomplishments:
1. 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 2003 and 2006
IECC and the ASHRAE Standards 90.1-2001 and 90.1-2004. Results of the analysis are included in this Volume I1-
Technical Report.

2. 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 NOXx
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.

3. 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 cumulative NOx emissions reduction through 2020 for the electricity and natural gas savings
from the various EE/RE programs.

December 2011 Energy Systems Laboratory, Texas A&M University System
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Figure 1: OSD NOx Emissions Reduction Projections through 2020
In 2010, the total NOx emissions reduction from all programs is 15,327 tons-NOx/year which is broken down by the
following:

The cumulative annual NOx emissions reduction from code-compliant residential and commercial
construction is calculated to be 1,189 tons-NOx/year (7.8% of the total NOx savings);

Savings from retrofits to Federal buildings is 193 tons-NOx/year (1.3%);

Savings from furnace pilot light retrofits is 117 tons-NOx/year (0.8%);

Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 1,637 tons-NOx/year (10.7%);
Savings from SECO’s Senate Bill 5 program is 349 tons-NOx/year (2.3%);

Electricity savings from green power purchases (wind) is 10,957 tons-NOx/year (71.5%); and
Savings from residential air conditioner retrofits is 884 tons-NOx/year (5.8%).

In addition, the following OSD NOX reductions are expected for 2010:

The total

Looking

The OSD NOx emissions reduction from code-compliant residential and commercial construction is
calculated to be 6.56 tons-NOx/day (16.1%);

Savings from retrofits to Federal buildings is 0.51 tons-NOx/day (1.3%);

Savings from furnace pilot light retrofits is 0.32 tons-NOx/day (0.8%);

Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 4.39 tons-NOx/day (10.8%);
Savings from SECO’s Senate Bill 5 program is 0.95 tons-NOx/day (2.3%);

Electricity savings from green power purchases (wind) are 21.79 tons-NOx/day (53.5%); and

Savings from residential air conditioner retrofits are 6.19 tons-NOx/day (15.2%).
NOx emissions reduction from all programs is 40.71 tons-NOx/day.

into the future, the 2013 cumulative NOx emissions reduction is projected to be:

Code-compliant residential and commercial construction is calculated to be 1,540 tons-NOx/year (8.0% of
the total NOXx savings);

Savings from retrofits to Federal buildings will be 308 tons-NOx/year (1.6%);

Savings from furnace pilot light retrofits will be 117 tons-NOx/year (0.6%);

December 2011 Energy Systems Laboratory, Texas A&M University System
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e Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 2,336 tons-NOx/year (12.1%);
e Savings from SECO’s Senate Bill 5 program will be 373 tons-NOx/year (1.9%);
e Electricity savings from green power purchases (wind) will be 13,065 tons-NOx/year (67.6%); and

e  Savings from residential air conditioner retrofits will be 1,575 tons-NOx/year (8.2%).
The total NOx emissions reduction from all programs will be 19,314 tons-NOXx/year.

Similarly, the projected 2013 OSD NOx emissions reduction is:
e Code-compliant residential and commercial construction is calculated to be 8.72 tons-NOx/day (16.1%);
e Savings from retrofits to Federal buildings will be 0.81 tons-NOx/day (1.5%);
e  Savings from furnace pilot light retrofits will be 0.32 tons-NOx/day (0.6%);
e  Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 6.28 tons-NOx/day (11.6%);
e Savings from SECQO’s Senate Bill 5 program will be 1.01 tons-NOx/day (1.9%);
o Electricity savings from green power purchases (wind) will be 25.99 tons-NOx/day (48.0%); and
e Savings from residential air conditioner retrofits will be 11.03 tons-NOx/day (20.4%).

The total NOx emissions reduction from all programs will be 54.16 tons-NOx/day.
4. Technology Transfer

The Laboratory, along with the TCEQ, hosts the annual Clean Air Through Energy Efficiency (CATEE) conference,
which is attended by top experts and policy makers in Texas and from around the country. At the conference, the
latest educational programs and technology is 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 will continue to provide 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 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 ninth annual report, Energy Efficiency/Renewable Energy (EE/RE)
Impact in the Texas Emissions Reduction Plan (TERP), to the Texas Commission on Environmental Quality
(TCEQ) in fulfillment of its responsibilities under Texas Health and Safety Code Ann. § 388.003 (e), Vernon Supp.
2002. If any questions arise, please contact us by phone at 979-862-2804, or by email at terpinfo@tees.tamus.edu.

December 2011 Energy Systems Laboratory, Texas A&M University System
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3 Overview

The Energy Systems Laboratory (Laboratory), at the Texas Engineering Experiment Station of the Texas A&M
University System, is pleased to provide our ninth 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 Texas Health and Safety Code Ann. § 388.003 (e), Vernon Supp. 2002. This
annual report:

e Provides an estimate of the energy savings and NOXx reductions from energy code compliance in new
residential construction in all ERCOT counties;

e Provides an estimate of the standardized, cumulative, integrated energy savings and NOXx reductions from the
TERP programs implemented by the Laboratory, SECO, the PUC and ERCOT in all ERCOT Texas;

e 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 three volumes.
Volume | — Summary Report — provides an executive summary and overview;
Volume Il — Technical Report — provides a detailed report of activities, methodologies and findings; and
Volume Il — Technical Appendix — contains detailed data from code-compliant energy simulations for all
ERCOT counties in Texas included in the analysis.

3.1  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
e 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 Adopts statewide Texas Building Energy Performance Standards (TBEPS) as the building energy code for
all residential and commercial buildings;

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

e  Provides for 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 Establishes a 5% per year electricity reduction goal each year for facilities of political subdivisions in non-
attainment and near-non-attainment counties from 2002 through 2009; and

e Requires the Laboratory to report annually to the TCEQ the energy savings (and resultant emissions
reduction) from implementation of building energy codes and to identify the municipalities and counties
whose codes are more or less stringent than the 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:
e Requires the TCEQ 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;
e Requires the TCEQ develop a methodology for computing emissions reduction from energy efficiency
initiatives;
e Authorized 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;
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e Authorizes municipalities to adopt an optional, alternate energy code compliance mechanism through the use
of accredited energy efficiency programs determined to be code-compliant by the Laboratory, as well as the
US EPA’s Energy Star New Homes program; and

e Requires the Laboratory to develop and administer a statewide training program for municipal building
inspectors seeking to become code-certified inspectors for 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 additional energy efficiency initiatives:
Requires 5,880 MW of generating capacity from renewable energy technologies by 2015;

Includes 500 MW from non-wind renewables;

Requires the PUCT to establish a target of 10,000 megawatts of installed renewable capacity by 2025;

Requires the TCEQ to develop methodology for computing emissions reduction from renewable energy
initiatives and the associated credits;

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

Requires the Texas Environmental Research Consortium (TERC) 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

Requires the Laboratory 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 additional energy efficiency initiatives:

e 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 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.

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

e 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.

e 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 reduction benefits of the home energy ratings program.

e Requires the Laboratory to include information on the benefits attained from this program in an annual
report to the commission.

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.

3.2 Laboratory Funding for the TERP

The Laboratory received $182,000 in FY 2002; $285,000 in FY 2003; $950,421 in FY 2004; $952,019 each year for
FY 2005 through FY2008. In FY 2009 the Lab received $908,040 and $870,568 in FY 2010. The Laboratory has
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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 the Determination of Emissions Reduction
(CEDER) which has helped to enhance the EE/RE emissions calculations.

3.3

Accomplishments since January 2010

Since January 2010, the Laboratory has accomplished the following:

3.4

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 1C3 calculator, which is energy code compliance software based on the Texas Building Energy
Performance Standards by adding 3-story, multi-family model in the calculator and extending the code to
include Houston Amendments and 2009 IECC;
Continued development and testing of key procedures for validating simulations of building energy
performance;
Provided energy code training workshops, including: residential, commercial IECC/IRC energy code training
sessions, code-compliant software sessions throughout the State of Texas;
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;
Analyzed the stringency of several residential and commercial energy codes, including the 2009 IECC, 2009
IRC and ASHRAE Standard 90.1 2007;
Hosted the Clean Air Through Energy Efficiency (CATEE) Conference in August 2010, in Austin, Texas.
Conference sessions included key talks by the TCEQ, EPA, DOE and the Laboratory about quantifying
emissions reduction from EE/RE opportunities and guidance on key energy efficiency and renewable energy
topics;
Provided technical assistance to the TCEQ regarding specific issues, including:
o0 Enhancement of the standardized, integrated NOx emissions reduction reporting procedures to the
TCEQ for EE/RE projects;
o0 Enhancement of the procedures for weather normalizing NOx emissions reduction from renewable
projects;
Enhanced the web-based emissions reduction calculator, including:
0 Continued the enhancement of the new computer architecture to allow for synchronous
calculations, user accounts, and code-compliance;
Developed 15% above code recommendations for residential buildings;
Continued the development of verification procedures, including:
0 Worked toward the code compliance tools for commercial buildings, retail and school buildings.

Technology Transfer

To accelerate the transfer of technology developed as part of the TERP program, the Laboratory:

Delivered “Statewide Air Emissions Calculations from Wind and Other Renewables,” to the Texas
Commission on Environmental Quality in August 2009.

Updated previously developed degradation analysis to determine if degradation could be observed in the
measured power from Texas wind farms.

Updated previously developed database of other renewable projects in Texas, including: solar photovoltaic,
geothermal, hydroelectric, and Landfill Gas-fired Power Plants.

Applied previously developed estimation techniques for hourly solar radiation from limited data sets.
Worked with the EPA and TCEQ and developed a new version of eGRID for all ERCOT counties in Texas.
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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 experts and policy makers and national experts.
e  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;
o0 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.

In addition to the tasks listed above, the Laboratory delivered presentations regarding the TERP related work,

including:

e Presentation to the Clean Air Through Energy Efficiency Conference, Austin, Texas, August 2010

e  Presentation to the Symposium on Improving Building Systems in Hot & Humid Climates, Austin, Texas,
August 2010

e  Presentation to SIMBuild, New York, New York, August 2010

e Presentation to International Conference for Enhanced Building Operations, Safat Kuwait, October 2010

Presentation of the following seven papers at the Symposium on Improving Building Systems in Hot & Humid
Climates, Austin, Texas, August 2010:

o Kim, K.; Haberl, J. 2010. “Development of a Calibration Methodology for Code-compliant Simulation of a
Case Study House in a Hot and Humid Climate,” Proceedings of the 17" Symposium on Improving
Building Systems in Hot and Humid Climates, Austin, Texas

e Ji, J.; Baltazar, J.C.; Claridge, D. 2010. “Development of the Potential Energy Savings Estimation (PESE)
Toolkit,” Proceedings of the 17" Symposium on Improving Building Systems in Hot and Humid Climates,
Austin, Texas

e Do, S.; Haberl, J. 2010. “A Review of Ground Coupled Heat Pump Models Used in Whole-Building
Computer Simulation Programs,” Proceedings of the 17" Symposium on Improving Building Systems in
Hot and Humid Climates, Austin, Texas

e Gilman, D.; Haberl, J.; Kayati, M.; O’Neal, S. 2010. “Development of a Texas Building Registry,”
Proceedings of the 17" Symposium on Improving Building Systems in Hot and Humid Climates, Austin,
Texas

e  Mukhopadhyay, J.; Baltazar, J.C.; Liu, Z.; Haberl, J.; Culp, C.; Yazdani, B. 2010. “A Comparative
Analysis of Residential Energy Use for 2009 IECC Code Compliance and 2001 IECC Compliance with
2006 NACA Appliance Standards for Selected Climate Zones in Texas,” Proceedings of the 17"
Symposium on Improving Building Systems in Hot and Humid Climates, Austin, Texas

e Kim, H,; Liu, Z.; Baltazar, J.C.; Mukhopadhyay, J.; Haberl, J., Do, S.; Culp, C.; Yazdani, B. 2010. “Energy
Efficiency/Renewable Energy (RE/EE) Projects in Texas Public Schools,” Proceedings of the 17"
Symposium on Improving Building Systems in Hot and Humid Climates, Austin, Texas

e Alcocer, J.L.B.; Haberl, J. 2010 “Low Impact, Affordable, Low Income Houses for Mexico,” Proceedings
of the 17" Symposium on Improving Building Systems in Hot and Humid Climates, Austin, Texas

Presentation of six papers to the 2010 SimBuild Conference held in New York City, August 2010.

e Marshall, K.; Moss, M.; Malhotra, M.; Liu, Z.; Culp, C.; Haberl, J.; Herbert, C. 2010 “AlM: Web-Based,
Residential Energy Calculator for Homeowners,” SimBuild 2010, New York City, New York

e Andulson, S.; Culp, C.; Haberl, J. 2010 “EnergyPlus vs DOE-2: The Effects of Ground Coupling on
Heating and Cooling Energy Consumption of a Slab-on-grad Code House in a Cold Climate,” SimBuild
2010, New York City, New York

e Cho, S.; Haberl, J. 2010 “Integrating Solar Thermal and Photovoltaic Systems in Whole Building Energy
Simulation,” SimBuild 2010, New York City, New York
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e Im, P.; Haberl, J. 2010 “Analysis of the Energy Savings Potential in K-5 Schools in Hot and Humid
Climates: Application of High Performance Measures and Renewable Energy Systems,” SimBuild 2010,
New York City, New York

e Liu, Z.; Kim, H.; Malholtra, M.; Mukhopadhyay, J.; Baltazar, J-C.; Haberl, J.; Culp, C.; Yazdani, B.;
Montgomery, C. 2010 “Going Beyond RESNET Certification for Code-Compliance Simulations: A
Comparison of Detailed Results of Three RESNET-Certified, Code-Compliant Residential Simulation
Programs,” SimBuild 2010, New York City, New York

e Malhotra, M., Haberl, J. 2010 “Simulated Building Energy Performance of Single-Family Detached
Residences Designed for Off-Grid, Off-Pipe,” SimBuild 2010, New York City, New York

Presentation of four papers at the 10" International Conference for Enhanced Building Operations, held in Safat,
Kuwait, October 2010.

e Liu, J.; Baltazar, J.C.; Claridge, D. 2010 “Analysis of the Potential Savings for 14 Office Buildings with
VAV Systems,”” Proceedings of the 10" International Conference for Enhanced Building Operations,
Safat, Kuwait

e Baltazar, J.C.; Liu, Z.; Mukhopadhyay, J.; Marshall, K.; Gilman, D.; Lewis, C.; McKelvey, K.; Reid, V.;
Haberl, J.; Culp, C.; Yazdani, B. 2010 “A Methodology for Calculating Integrated NOx Emissions
Reductions from Energy Efficient and Renewable Energy (EE/RE) Programs across State Agencies in
Texas,” Proceedings of the 10" International Conference for Enhanced Building Operations, Safat, Kuwait

e Kim, S.; Haberl, J. 2010 “Application of an ASHRAE 152-2004 Duct Model for Simulating Code-
Compliant 2000/2001 IECC Residences,” Proceedings of the 10" International Conference for Enhanced
Building Operations, Safat, Kuwait

e Liu, Z.; Kim, H.; Mukhopadhyay, J.; Montgomery, C.; Baltazar, J.C.; Haberl, J.; Culp, C.; Yazdani, B.
2010 “Going Beyond a Resnet Certification for Code-Compliant Simulations: A Sensitivity Analysis of
Detailed Results of Three Resnet-Certified, Code-Compliant Residential Simulation Programs,”
Proceedings of the 10" International Conference for Enhanced Building Operations, Safat, Kuwait

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.

3.5  Energy and NOx Reductions from New Residential and Commercial Construction, Including Furnace
Pilot Light Savings and 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
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participation in “above-code” code programs such as Energy Star New Homes, which previously had no state
baseline and almost no participation.

In 2010 the following savings were calculated:
e In 2010, the annual electricity savings® from code-compliant residential and commercial construction is
calculated to be 1,688,687 MWh/year (6.6% of the total electricity savings);
e  Savings from furnace pilot light retrofits is 2,548,904 MBtu/year; and
e Savings from residential air conditioner retrofits? is 1,283,931 MWh/year (5.0%).

e In 2010, the OSD electricity savings from code-compliant residential and commercial construction is
calculated to be 9,510 MWh/day (14.3%),

e Savings from furnace pilot light retrofits is 6,983 MBtu/day, and

e  Savings from residential air conditioner retrofits are 9,106 MWh/day (13.7%).

e By 2013, the annual electricity savings from code-compliant residential and commercial construction is
calculated to be 2,176,034 MWh/year (6.8% of the total electricity savings);

e  Savings from furnace pilot light retrofits will remain at 2,548,904 MBtu/year; and

e Savings from residential air conditioner retrofits® will be 2,286,233 MWh/year (7.1%).

e By 2013, the OSD electricity savings from code-compliant residential and commercial construction is
calculated to be 12,566 MWh/day (14.4%);

e  Savings from furnace pilot light retrofits will remain at 6,983 MBtu/day; and

e  Savings from residential air conditioner retrofits will be 16,216 MWh/day (18.6%).

e In 2010, the annual NOx emissions reduction* from code-compliant residential and commercial
construction is calculated to be 1,090 tons-NOx/year (7.8% of the total NOXx savings);

e  Savings from furnace pilot light retrofits is 117 tons-NOx/year (0.8%); and

e  Savings from residential air conditioner retrofits is 884 tons-NOx/year (5.8%).

e In 2010, the OSD NOx emissions reduction from code-compliant residential and commercial construction
is calculated to be 6.56 tons-NOx/day (16.1%);

e  Savings from furnace pilot light retrofits is 0.32 tons-NOx/day (0.8%); and

e Savings from residential air conditioner retrofits are 6.19 tons-NOx/day (15.2%).

e By 2013, the NOx emissions reduction from code-compliant residential and commercial construction is
calculated to be 1,541 tons-NOx/year (8.0% of the total NOx savings);

e  Savings from furnace pilot light retrofits will be 117 tons-NOx/year (0.6%); and

e Savings from residential air conditioner retrofits will be 1,574 tons-NOx/year (8.1%).

! This includes the savings from 2001 through 2010.

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.

® 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.

* These NOx emissions reductions were calculated with the US EPA’s 2007 eGRID for annual (25% capacity factor) and Ozone Season Day
OSD.
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e By 2013, the OSD NOx emissions reduction from code-compliant residential and commercial construction
is calculated to be 8.72 tons-NOx/day (16.1%);

e  Savings from furnace pilot light retrofits will be 0.32 tons-NOx/day (0.6 %); and

e  Savings from residential air conditioner retrofits will be 11.03 tons-NOx/day (20.4%).

3.6 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 Utilities 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.

The total annual and OSD electricity savings for all the different programs in the integrated format was calculated
using the adjustment factors for 2001 through 2020. NOx emissions reduction from the electricity and natural gas
savings for the annual and OSD for all the programs in the integrated format were calculated.

In 2010 the cumulative annual electricity savings® is calculated as follows:
e  Savings from code-compliant residential and commercial construction is 1,854,699 MWh/year (5.8% of the
total electricity savings),
e  Savings from retrofits to Federal buildings is 293,659 MWh/year (0.9%),
Savings from furnace pilot light retrofits is 2,548,904 MMBtu/year (2.4%), which is equivalent to 746,822
MWh/year,
Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 2,595,953 MWh/year (8.2%),
Savings from SECO’s Senate Bill 5 program is 468,611 MWh/year (1.5%),
Electricity savings from green power purchases (wind) is 24,210,883 MWh/year (76.3%), and
e  Savings from residential air conditioner retrofits is 1,560,875 MWh/year (4.9%).
The total savings from all programs is 31,731,502 MWh/year.

In 2010 the cumulative OSD electricity savings is calculated as follows:
e  Savings from code-compliant residential and commercial construction is 10,641 MWh/day (12.6%),
e  Savings from retrofits to Federal buildings is 805 MWh/day (1.0%),
e  Savings from furnace pilot light retrofits is 6,983 MMBtu/day (2.4%), which is equivalent to 2,046
MWh/day,
e  Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 7,113 MWh/day (8.5%),
e Savings from SECO’s Senate Bill 5 program is 1,284 MWh/day (1.5%),
e Electricity savings from green power purchases (wind) are 51,190 MWh/day (60.8%), and
e  Savings from residential air conditioner retrofits are 11,071 MWh/day (13.2%).
The total savings from all programs in 2010 is 84,150 MWh/day (82,104 MWh/day and 6,983 MMBtu/day), which
would be a 3,506 MW average hourly load reduction during the OSD period.

By 2013, the projected cumulative annual electricity savings from all the different programs is:
e  Savings from code-compliant residential and commercial construction will be 2,311,539 MWh/year (6.5%
of the total electricity savings),

® This includes the savings from 2001 through 2010.
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e  Savings from retrofits to Federal buildings will be 402,732 MWh/year (1.1%),
Savings from furnace pilot light retrofits will remain at 2,548,904 MMBtu/year (2.1%), which is equivalent
to 746,822 MWh/year,

e  Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 3,224,560 MWh/year (9.0%),

e Savings from SECO’s Senate Bill 5 program will be 489,440 MWh/year (1.4%),

e  Electricity savings from green power purchases (wind) will be 26,296,721 MWh/year (73.5%), and

e Savings from residential air conditioner retrofits® will be 2,286,233 MWh/year (6.4%).
The total cumulative annual savings from all programs will be 35,758,047 MWh/year (35,011,225 MWh/year and
2,548,904 MMBtu/year).

By 2013, the projected cumulative OSD electricity savings will be:
e  Savings from code-compliant residential and commercial construction will be 13,157 MWh/day (13.4%),
e Savings from retrofits to Federal buildings will be 1,103 MWh/day (1.1%),
e Savings from furnace pilot light retrofits will remain at 6,983 MMBtu/day (2.1%), which is equivalent to
2,046 MWh/day,
e  Savings from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 8,835 MWh/day (9.0%),
e  Savings from SECO’s Senate Bill 5 program will be 1,341 MWh/day (1.4%),
o  Electricity savings from green power purchases (wind) will be 55,600 MWh/day (56.6%), and
e  Savings from residential air conditioner retrofits will be 16,216 MWh/day (16.5%).
The total cumulative OSD savings from all programs will be 98,298 MWh/day (96,252 MWh/day and 6,983
MMBtu/day), which would be a 4,096 MW average hourly load reduction during the OSD period.

In 2010 the cumulative annual NOx emissions reduction’ from all the different programs is:
e Reduction from code-compliant residential and commercial construction is 1,303 tons-NOx/year (6.9% of
the total NOXx savings),
Reduction from retrofits to Federal buildings is 225 tons-NOx/year (1.2%),
Reduction from furnace pilot light retrofits is 117 tons-NOx/year (0.6%),
Reduction from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 1,783 tons-NOx/year (9.4%),
Reduction from SECO’s Senate Bill 5 program is 357 tons-NOx/year (1.9%),
Reduction from green power purchases (wind) is 14,047 tons-NOx/year (74.3%), and
e Reduction from residential air conditioner retrofits is 1,075 tons-NOx/year (5.7%).
The total cumulative annual NOx emissions reduction from all programs is 18,907 tons-NOXx/year.

In 2010, the cumulative OSD NOx emissions reduction from all the different programs is:
Reduction from code-compliant residential and commercial construction is 7.34 tons-NOx/day (14.2%),
Reduction from retrofits to Federal buildings is 0.59 tons-NOx/day (1.1%),
Reduction from furnace pilot light retrofits is 0.32 tons-NOx/day (0.6%),
Reduction from the PUC’s Senate Bill 5 and Senate Bill 7 programs is 4.79 tons-NOx/day (9.3%),
Reduction from SECO’s Senate Bill 5 program is 0.97 tons-NOx/day (1.9%),
Reduction from green power purchases (wind) are 30.04 tons-NOx/day (58.2%), and
e Reductions from residential air conditioner retrofits are 7.53 tons-NOx/day (14.6%).
The total cumulative OSD NOx emissions reduction from all programs is 51.58 tons-NOx/day.

By 2013, the projected cumulative annual NOx emissions reduction from all the different programs will be:

e Reduction from code-compliant residential and commercial construction will be 1,620 tons-NOx/year (7.6%
of the total NOXx savings),
Reduction from retrofits to Federal buildings will be 308 tons-NOx/year (1.4%),
Reduction from furnace pilot light retrofits will be 117 tons-NOx/year (0.5%),
Reduction from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 2,147 tons-NOx/year (10.0%),
Reduction from SECO’s Senate Bill 5 program will be 373 tons-NOx/year (1.7%),

® 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.

" These NOx emissions reductions were calculated with the US EPA’s 2007 eGRID for annual (25% capacity factor) and Ozone Season Day
OSD.
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e Reduction from green power purchases (wind) will be 15,257 tons-NOx/year (71.3%), and
e Reduction from residential air conditioner retrofits will be 1,574 tons-NOx/year (7.4%).
The total cumulative annual NOx emissions reduction from all programs will be 21,396 tons-NOXx/year.

By 2013, the projected cumulative OSD NOx emissions reduction from all the different programs will be:
e Reduction from code-compliant residential and commercial construction will be 9.03 tons-NOx/day
(14.9%),
Reduction from retrofits to Federal buildings will be 0.81 tons-NOx/day (1.3%),
Reduction from furnace pilot light retrofits will be 0.32 tons-NOx/day (0.5%),
Reduction from the PUC’s Senate Bill 5 and Senate Bill 7 programs will be 5.78 tons-NOx/day (9.5%),
Reduction from SECO’s Senate Bill 5 program will be 1.01 tons-NOx/day (1.7%),
Reduction from green power purchases (wind) will be 32.63 tons-NOx/day (53.8%), and
e Reduction from residential air conditioner retrofits will be 11.03 tons-NOx/day (18.2%).
The total cumulative OSD NOx emissions reduction from all programs is projected to be 60.61 tons-NOx/day.

Figure 2 shows the NOx emissions reduction through 2020 for the electricity and natural gas savings from all TERP
programs reporting to the TCEQ. Table 1 provides the details regarding the annual degradation, transmission and
distribution losses, discount factors and growth factors that were used in the analysis®. Additional details of the
analysis are reported in VVolume 111 of this report.

Table 1: Adjustment Factors used for the Calculation of the Annual and OSD NOx Savings for the Different
Programs

ESL-Single ESL- Federal Furnace Pilot PUC (SB5 Grant SEER13 SEER13
Family® | ESL-Multifamily’®  Commercia™ | Buildings™ | Light Program™ = PUC(SB7)"® | Program)® SECO® Wind-ERCOT® | Single Family | Multifamily
Annual Degradati
""”iacfg[riam" 5.00% 5.00% 500% 5.00% 5.00% 5.00% 5.00% 5.00% 0.00% 5.00% 5.00%
T&D Loss ® 7.00% 7.00% 7.00% 7.00% 0.00% 7.00% 7.00% 7.00% 0.00% 7.00% 7.00%
Initial Discount Factor ™ 20.00% 20.00% 20.00% 20.00% 20.00% 25.00% 25.00% 60.00% 25.00% 20.00% 20.00%
Growth Factor 3.25% 1.54% 3.25% 0.00% 0.00% 0.00% 0.00% 0.00% Actual Rates NA NA.
Weather Normalized Yes Yes Yes No No No No No Seenote 7 Yes Yes

® These factors were determined by TCEQ.
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Figure 3: Cumulative OSD NOx Emissions Reduction Projected through 2020

3.7

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 is being used to calculate emissions reduction for

consideration for SIP credits from energy efficiency and renewable energy programs in the TERP.

® 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 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;
e 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 o0O0Oo

In 2009, 1C3 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 IC3
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
Registry 0.x — First versions of the Web Reports on TCV, eCalc, and I1C3
Registry 1.0 — City and County Reports
Registry 1.1 — Cross-linked Reports for City and County
IC3 Reports 1.0 — Updated Certificate Reports which replace Registry 1.1 and evolve into the
Texas Building Registry

©O O o0 oo

3.8 IC3 Texas Building Registry (TBR)

3.8.1  Background

In 2008, the 81% Texas Legislature amended the Texas Administrative Code (TAC .§388.008, 2009) to develop a
Registry of Above-Code homes. The Laboratory built the first version of the Registry in 2009. This preliminary
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version allowed The Laboratory to provide basic metrics on usage of the Laboratory’s above code calculators, 1C3%°
and TCV*. By running reports against the calculator’s databases, The Laboratory 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 so the Laboratory could improve the calculators.

Figure 4 shows the Projects and Certificates issued each month since January 2009. A Project is a house plan,
Certificates are printed reports given to the building official - assuming that the house is at or above code. In 2009,
some users entered a basic floor plan and re-cycled it to generate more certificates. Figure 5 shows that more
projects were entered (and presumably did not pass) than certificates created.

Projects and Certificates by Month 2009
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Figure 4: IC3 2009 Certificates and Projects

Figure 5 shows the cumulative Users and Certificates for 2009. The divergence between the two lines emphasizes
the difference between the projects completed and certificates issued.
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Figure 5: 1C3 2009 Users vs. Certificates

1% International Code Compliance Calculator, a web based, above code calculator for single family, detached, new
construction in Texas.

1 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 6shows that the earliest adopter of the IC3 software was the North Central Texas Council of Governments
(NCTCOG) area, specifically, users building in Dallas, Collin, Denton, and Tarrant Counties.

Total Certificates by County
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Figure 6: IC3 2009 Certificates - Top 10 Counties

Figure 7 shows the certifications issued by city (excluding Austin). Figure 4 shows that the City of McKinney led
the way with 500 certificates, followed by the City of Dallas.

Total Certificates by City
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Figure 7: 1C3 2009 Certificates - Top Ten Cities

3.8.2  TBR Current Version

As illustrated below and a “Report on the Development of the Format for a Texas Residential Registry (Gilman, et
al., 2008), the underlying database was optimized for supporting the 1C3 and TCV calculators and therefore needed a

December 2011 Energy Systems Laboratory, Texas A&M University System



2010 TERP Report, Vol. I, pg. 29

transformation to allow for seamless reporting. Consequently, The Laboratory 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 2008. This product offers
reporting capabilities through various tools.
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Figure 8 Database Schema shows the “layout” of the IC3 (v3.x) and TCV*? (v1.1) databases. It gives a rough
overview of the different tables (called “entities™) found in the IC3 database. The entities are linked together using
“foreign keys” (the arrows) which allows the database to maintain a higher quality through “database integrity”. The
center entity is the Project, which is the center of the IC3 software’s abstraction of a house. The other tables are
linked in via the foreign keys, which include floors, walls, electrical, and systems.

3.8.3  Usage Reports

Figure 9 shows a steady growth from the start of record keeping (July 2009) until the end of 2010. During this year,
ESL conducted several workshops and was able to detect a correlation between workshops and 1C3 usage.

User Accounts in IC3
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Figure 9: IC3 Usage Growth in 2010

Figure 10shows the correlation between users and their successful projects (i.e. those that generate certificates).
The graph shows that users were generating more certificates, and were doing so at a much faster rate than the rate
of adding new users.

12 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 1C3 v3.6.

December 2011 Energy Systems Laboratory, Texas A&M University System



2010 TERP Report, Vol. Il, pg. 31
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Figure 10 Users and Certificates 2010

Figure 11 and Figure 12 show where the biggest usage was using Counties as the grouping entity. The North
Central Texas Council of Governments (NCTCOG) led the way in usage during 2010.

Top 10 Counties generating IC3 Certificates
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Figure 11 Top 10 Counties for 2010
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Top 10 Counties generating IC3 Certificates from From 10/1/2009 to 12/31/2010
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Figure 12 Top 10 Counties 2010

Figures 8 and 9 show where the biggest usage was using Counties as the grouping entity. The North Central Texas
Council of Governments (NCTCOG) led the way in usage during 2010.

Top 10 Cities generating IC3 Certificates
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Figure 13: Top 10 Cities in 2010
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Top 10 Cities generating IC3 Certificates From 10/1/2009 to 12/31/2010
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Figure 14: Top 10 Cities 2010
Not surprisingly, nine of ten top cities are in the NCTCOG.
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Figure 15: TCV Usage Growth in 2010
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New Projects being created in TCV
140

120

100

B0~

Count

60—

40+

20+

0

@
3
<1
&

Movember,
2009
December,
2009
Apiil
2010
May, 2010
July, 2010
September,
2010
Movember,
2010
December,
2010

E
=
@

Months

W Monthly Project Count

Figure 16: New Projects in TCV 2010

Figure 15and Figure 16 are a peek at how Austin/Travis county user and project activity faired in the latter part of
2009 and 2010. Austin’s figures are separate as Austin paid for a modified version of the IC3 calculator and that
means their data was kept separate in 2009 and 2010.

3.8.4  Parameter Reports
A unique and valuable use of the Registry is to look at building trends across the state.

Overall Data Statistics derived from a subset of Counties having house count > 10
Weighted Avg: 13.71 Total House Count: 3219 Std Deviation: 0.7

Average Wall Cavity Insulation across Counties for last 12
months ending

12/31/2010
Avg Wall
Cagity roresid
Insulation c“::%mm
Wichita 15.05 59 || m 1300- 1350 o
Harris 14.86 2z (| o e
Kaufman 14.63 16 || mmm 14.50- 15.00
Hood 14.40 31 || 15009550
Ellis 14.25 15
Denton 13.99 693 —
Dallas 13.81 554 s
Rockwall 13.52 191
Johnson 13.41 63
Tarrant 13.32 274
Collin 13.32 943
Montgomery 13.11 11
Hunt 13.09 66
Henderson 13.00 21
Randall 13.00 59
Sorted by Average Wall Cawty Insulation
Descending

Figure 17: Average Wall Cavity Insulation by County 2010
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Figure 17 shows how much insulation is used on a County basis during 2010 for the most active Counties. Values
range from 13 to 15 with the values near 14 being the most common and 13.7 being the weighted average.

(Overall Data Statistics derived from a subset of Counties having ‘Overall Data Statistics derived from a subset of Counties having

house count > 10 house count = 10
Weighted Avg: Total House Count: Std Deviation: 0.07 Weighted Avg: Total House Std Deviation:
0.65 2368 0.89 Count: 840 0.04

Average Water Heater Energy Factor across Counties for last 12 months ending:

NGas Water Heater Energy Factor Distribution Elec Water Heater Energy Factor Distribution
Avg Ngas DHW EF '_} [| Avqg Elec DWH EF —_II [‘

[ 0.01-0.21 I 0.01-0.21
N 021-0.41 B 0.21-0.41
N 0.41- 060 N 0.41- 060
I 060- 0380 M 0.60-0.50
I 0.80- 1.00 I 0.30- 1.00

\\.

County lCounty i EE=

Kaufman 0.78 15 Harris 0.94 25
Montgomery 0.76 11 Collin 0.91 173
Wichita 0.76 43 Hunt 0.91 38
Ellis 0.75 12 Rockwall 0.90 24
Harris 0.71 198 Dallas 0.90 149
Dallas 0.70 405 Denton 0.80 217
Tarrant 0.70 201 Johnson 0.89 35
Denton 0.65 476 ||Wichita 0.89 16
Roclwall 0.62 167 Tarrant 0.88 73
Hunt 0.62 28 Henderson 0.88 14
Hood 0.61 14| ||Hood 0.87 17
Collin 0.61 770 Randall 0.78 59
Johnson 0.58 28| | Sorted by Average Elec Water Heater Energy Factor Descending

Sorted by Average NGas Water Heater Energy Factor Descending

Figure 18 Average Water Heater Efficiencies 2010

This report shows both natural gas and electric water heater efficiencies across Texas in 2010. There are 2300
natural gas projects vs 800 electric projects. In addition, it is noted that the stated efficiencies are lower for natural
gas than for electric, with the mean of natural gas appearing to be .70 (weighted average of .65) and the mean for
electric at .90 (weighted average of .89).
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Overall Data Statistics derived from a subset of Counties having house count = 10
Weighted Avg: 11.69 Total House Count: 3219 Std Deviation: 1.78

Average Window to Wall Area Ratio across Counties for
last 12 months ending 12/31/2010

Window to Wall Area Ratio Distribution

il ﬂh}’ Avg Window
to Wall Area

Ellis 14.63 14 || pm700-840 |
Kaufman 13.05 15/ || MW 840 -9.80

N 9.80-11.20
Montgomery 12,87 15 . i120-1260
Hood 12.76 46 || WEE 12.80-14.00
Henderson 12.33 24 8| l
Tarrant 12.09 357 -4
Denton 12.08 508 "\J |
Dallas 12.03 812
Rockwall 11.85 166
Harris 11.78 154
Collin 11.46 Q16
Johnson 11.08 74
Hunt 10.00 35
Wichita Q.73 34
Randall 7.34 a7
Sorted by Average Window to Wall Area Ratio
Descending

Figure 19 Average Window To Wall Ration 2010

Here is an analysis of the window to wall ratio across Texas in 2010. The mean is approximately a 12 ratio, with a
weighted average of 11.7.
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Overall Data Statistics derived from a subset of Counties having house count = 10
Weighted Avg: 14.06 5td Deviation: 0.52 Total House Count: 3219
Average A/C SEER across Counties for the last 12 months ending:
12/31/2010
Avg House AIC SEER Distribution
o L
Wichita 15.2 59 e EEE |
[ 13.00 - 13.50
Hood 14.6 31 0 13.50- 14.00 I | |
Harris 14.4 223 ||| W 14.00 - 14.50 [TITITHk
Henderson 14.2 21 = 1;% ::gﬁ E % 5 -
Tarrant 14.1 274
Hunt 14.1 66
Ellis 14.1 15 R
Dallas 14.1 554 N /
Montgomery 14.1 11 \ p 3
Collin 14.0 943 A N
Johnson 14.0 63 i
Rockwall 14.0 191 N
Denton 14.0 693
Kaufman 13.1 16 -
Randall 13.0 59
Sorted by Average A/C SEER Descending

Figure 20 Average SEER 2010

The efficiency (and sizing) of air conditioning is a vital component of energy efficiency in Texas. Here we see 14.1
as the mean and weighted average. The law required SEER 13 in 2010, so it appears that HVAC efficiency is a
common way to boost efficiency.
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Overall Data Statistics derived from a subset of Counties having house count = 10

Weighted Avg: 34.08 5td Deviation: 2.08 Total House Count: 3219

Average Ceiling Insulation across Counties for last 12
months ending: 12/31/2010

Avg Ceiling |House Ceiling Insulation Distribution

Wichita 35.70 59 gl

Raockwall 35.45 191 || [N 34.00- 35.20 1]

Hunt 35.20 li—

Randall 35.12 59 || NN 37.60- 38.80 111

Collin 34.84 gq3 || W 38:80-4000

Hood 34.68 31 <

Dentan 34.55 693 k

Johnson 33.89 63 . ~
Dallas 33.81 554 ]

Kaufman 32.00 16 N

Top 10 Counties, sorted by Average Ceiling
Insulation Descending

Figure 21 Average Ceiling Insulation 2010

Here we see the counties with the highest ceiling insulation, interesting to note they are all in North Texas and are
R32 on up, with a weighted average of R 34.
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Overall Data Statistics derived from a subset of Counties
having house count = 10

Weighted Avg: Total House 5td Deviation:
0.8 Count: 2361 0.03

Overall Data Statistics derived from a subset of Counties
having house count = 10

Weighted Avg: Total House Std Deviation:
8.49 Count: 701 0.47

Average Heating Efficiency across Counties for last 12 months ending:

Natural Gas Heating Efficiency Distribution Heat Pump Heating Efficiency Distribution
Avg Heating Avg Heating
Efficiency Efficiency
[ 0.60 - 0.68 [ 7.70 - 8.56
I 0.68 - 0.76 N 5.55-9.42
I 0.76 - 0.64 . 942 -10.28
. 0.84- 0582 . 10.25- 1114
N 0.92 - 1.00 [ 114 - 12.00

Wichita 0.91 41 | [Wichita 9.57 15
Harris 0.84 10g | |pallas 9.19 99
Hood 0.84 12 | [Hood 8.69 18
Ellis 0.83 13 | [Randall 8.54 50
Tarrant 0.81 190 | [Tarrant 8.53 33
Dallas 0.80 411 | |Rockwall 8.38 21
Callin 0.80 703 | |Denton 8.34 183
Rockwall 0.80 167 | |Collin 8.31 148
Denton 0.80 483 | [Hunt 8.29 37
Hunt 0.80 28 | [Henderson 8.12 13
Montgomery 0.80 11 | [fohnson 7.96 53
Kaufman 0.80 14

Sorted by Average HPump Heating Efficieny Descending

Sorted by Average NGas Heating Efficiency Descending

Figure 22 Average Heating Efficiency 2010

Here we examine space heating efficiency in 2010 using both natural gas and electric heat. Natural gas has a mean
of .80 and a weighted average of .81, while electric is at 8.38 with a weighted average of 8.49. It is also interesting
to note that the Heat Pumps are all in north Texas.
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Overall Data Statistics derived from a subset of Counties having house count = 10

Weighted Avg: 0.329 Total House Count: 3219 Std Deviation: 0.034

Average SHGC across Counties for last 12 months ending

County Avg House SHGC Distribution
SHGC Count
Avg_SHGC_Insulation

Henderson 0.39 21 ﬁmza
Kaufman 0.37 16 B 0.28-0.31
Elli 0.37 15 N 0.31-0.34

s - 034-0.37
Hunt 0.35 {513 I 0.37-0.40
Johnson 0.35 &3
Rockwall 0.34 191
Tarrant 0.33 274 Sl l [ -
Collin 0.33 043 4
Harris 0.33 223
Denton 0.33 693
Dallas 0.32 554
Wichita 0.31 59
Montgomery 0.30 1
Randall 0.27 59
Hood 0.27 31

Sorted by Average SHGC Descending

Figure 23 Average SHGC 2010

The efficiency of the glass is tightly clustered around .33 for most counties in Texas.
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Qverall Data Statistics derived from a subset of Counties having house count > 10

Weighted Avg: 535.59

Total House Count: 3219 Std Deviation: 50.51

Ellis

kaufman
Tarrant
Wichita
Hood
Johnson
Montgomery
Denton
Collin
Rockwall
Randall
Dallas
Harris
Hunt

Henderson

554
540
539
538
536
535
535
532
530
504
494
431

274
39
31
63
11

693

943

191
39

354

223
66
21

Sorted by Average Saft HWAC Tonnage Descending

Average HVAC across Counties for last 12 months ending
12/31/2010

Sqgft HYAC Tonnage Distribution

Avg Sqft

HVAC Tonnage 1
[ 200,00 - 400.00 I
I 401.00 - 525.00
I 526.00 - 650.00 | [
B 65100 - 775.00 L_+—JF
I 776.00 - 1,200.00 [ 111

T

Figure 24 Average HVAC Tonnage to Sq Ft 2010

Another way to evaluate high performing houses is how much air conditioning they have per sq ft of house. Here
we see ranges of 431 to 662 sq ft per ton with a mean of 538 just north of Houston and a weighted average of 535 sq
ft per ton. The old rule of thumb was 500 sq ft per ton. Thus, Texas is becoming more efficient.
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Overall Data Statistics derived from a subset of Counties having house count = 10
Weighted Avg: 0.41 Total House Count: 3219 Std Deviation: 0.05
Average U Factor across Counties for last 12 months
ending
12/31/2010
E U Factor Distribution
Factor —
Henderson 0.52 21 Avg_UFactor +-
0.30-035
Kaufman 0.48 16 0.35 - 0.40 "I_TIJI—r.
Ellis 0.47 15 || WS 0.40-0.45 (]
Johnson 0.44 =I—
Tarrant 0.44 274
Rockwall 0.42 191
Denton 0.42 693
Hunt 0.41 66
Collin 0.41 943
Dallas 0.41 554
Harris 0.40 223
Wichita 0.39 39
Maontgomery 0.36 11
Hood 0.33 31
Randall 0.32 59
Sorted by Average U Factor Descending

Figure 25 Average U Factor 2010

The U-Factor applies to the heat transfer of a window caused by temperature, not direct solar radiation. Here, we see
the most common value being .41.

3.9  Code Adoption

During the 77th Legislature, Senate Bill 5 (SB 5) adopted the 2000 International Residential Code (IRC) as the
energy code for single-family residential construction and the 2000 International Energy Conservation Code (IECC),
with the 2001 Supplement for all other residential, commercial and industrial construction in the state. This bill
became law in 2001 and marks the first mandatory energy code requirements for the State of Texas and establishes
the Texas Building Energy Performance Standards (TBEPS). Both codes require that municipalities establish
procedures for administration and enforcement, and ensure that code-certified inspectors perform inspections.

State adoption of the 2000 Residential Code energy provisions and 2000 International Energy Conservation Code
became effective September 1, 2001. A recent survey conducted by the Energy Systems Laboratory (ESL) indicates
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adoption of more recent editions of the International Energy Conservation Code (IECC), including the 2003, 20086,
and 2009 editions; see tables below

Table 2: Code adoptions

g 38|38 g
El: 3 .:": E i Y £ Dthar Cader
Y] VI|vie !
Eldzg| d3|228) &3
Abilene 2003 | 2000 [ 2005 | 2003 | 2003 MEA 2003 IFGC
Addizon
Allen
Amarillo 2006 | 2006 | 2008 | 2002 | 2008 [ 2006 LA, 2006 | 2008 IFC, 2008 IFGC
Angleton
Arlington 2003 | 2003 | 2003 | 2002 | 2003 [ 2003 MiA MEA | 2003 IFC, 2003 FGC
Austin
Bagtown 2006 | 2006 | 2008 | 2008 | 2008 [ 2008 MiA 2008 | NI
Beaumont
Bedford
Big Spring 2006 | Q06 | 2006 | 2005 | 2008 [ 200 MEA 2006 | MAA
Borger
Brownsville 2006 | 006 | 2006 | 2002 | 2008 [ 200 MEA M | 2006 IFGC
Bryan 2003 | 2003 | 2003 | 2002 | 2003 [ 2003 MiA 2003 | 2003 IFGC
Burleson 2006 | 2005 | 2006 | 2005 | 2008 | 200 A NS | Marth Central Teras Council of Government Amendmen
Carroliton * 2006 | 2008 | 2008 | 2005 | 2008 [ 2008 MiA MiA | MCTCOG Recommended Regional Amendments
Cedar Hill 2006 | 2006 | 2006 | 2008 | 2008 [ 2008 MEA M | 2006 IFGC
Cedar Park 2009 | 2008 | 2003 | 2003 | 2003 | 2009 MA 2003 | 2008 IFC with Ammendments, 2003 IPMC
Cleburne 2003 | 003 | 200F | 2002 | 2003 [ 2003 MEA (TN LTS
College Station 2009 | 2008 | 2003 | 2003 | 2003 | 2009 MA MEA | MEA
Conroe 2003 | MAA | PAA | 2002 | 2000 [ 2000 A MA (2003 IFC
Coppell MiA | FO06 | 2006 | 2005 | 2008 | 2008 MA 2006 | 2008 IFC, 2006 IFGC, 2006 IPMC
Copperas Cove
Corpus Christi 2003 | 2003 | 2003 | 2002 | 2003 [ 2003 [ 7 [ LT
Corsicana 2009 | 2008 | MAA | 2002 | 2009 [ 2009 A RIS (A
City of Dallas
Dallas 2006 | 2006 | 2006 | 2008 | 2006 | 2006 | Ordinance 2003 2006 IFC, 2006 IFGC
#0F1070
Deer Park
Del Rio
Denton
3 5 s
E Iy E E -: £ Other Cuder
iid| i4 L3
WaS| W B
Desoto 2003 | 2002 | 2003 [ 2003 MiA LA
Dievine
Duncanville 2005 | 2005 | 2008 [ 2008 | 2008 | 2008 A MEA | 2006 IFGC, 2006 IPMC
Eagle Pass 2003 | 2003 | 2003 | 2008 | 2006 | 2003 [ 2006 | MEA
Edinburg
ElPaso
Euless 2003 | 2003 | 2003 [ 2002 | 2003 | 2003 A MEA | 2003 IFC, 2003 IFGC, 2003 IPMC
Farmers Branch
Flower Mound
Fort Worth 2003 | 2003 | 2003 [ 2008 | 2003 | 2003 [WIEsY MEA | 2003 IFGC
Friendswood 2003 | 2003 | 2003 [ 2008 | 2009 | 2003 A (oS IS
Frisco
Galveston 2009 | 2009 | 2009 [ 2008 | 2008 | 2009 MiA MEA | 2008 1FC, 2008 IPMC
Garland 2003 | 2003 | 2003 [ 2005 | 2003 | 2003 [WIEsY [ LTS
Gieorgetown 2003 | 2000 | 2000 [ 2002 | 2003 | 2003 A 2003 | MiA
Grand Prairie 2003 | 2003 | 2002 | 2005 | 2003 | 2003 [ MAS | 2002 IFC, 2002 IFGC
Grapevine 2006 | 2006 peferenc) 2005 | 2008 | 200E MiA 2008 | M
Greenville 2006 | 2006 | 2006 [ 2005 | 2006 | 2006 [WIEs 2006 | M8
Haltom City 2003 | 2003 | 2003 [ 2002 | 2003 | 2003 A MEA | MRS
Harker Heights 2009 | 2003 | 2008 [ 2008 | 2008 | 2003 MiA, 2006 | 2003 IFC, 2003 IFGC
Houston
Huntsyille 2003 | 2003 | 2003 [ 2005 | 2003 | 2003 A MEA | 2003 IFC, 2003 IFGC, 2003 IPMC
Hurst 2003 | 2003 | 2003 [ 2005 | 2003 | 2003 MiA, MEA | 2003 IPMC
Irving 2006 | 2006 | 2006 [ 2008 | 2006 | 2008 WIEsY MEA | 2006 IFC, 2008 IFGC
Keller 2006 | 2006 | 2006 [ 2008 | 2006 | 2006 [WIEs MEA | 2006 IFGC
Killeen
Kingsville
Kale 2000 | 2000 | 2000 [ 1999 | 2000 | 2000 WIEsY MEA | 2000 IPMC
La Porte
Lake Jackson
Lancaster 2003 | 2003 | 2003 [ 2002 | 2003 | 2003 MiA, MEA | 2003 IPMC
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Laredo 2005 | 2008 | 2003 TR, 2009 [ nita
League City 2005 | 2006 | 2006 L) 2006 | NIA
Leander 2002 | 2009 [ 2009 A& 2009 | NIA
Lewisuille Morth Texas Regional Cu_:!uncil of Governments
2006 | 2006 | 2006 | 2005 | 2006 [ 2008 A IS | Amendments to Inkernational Codes
Longview
Lubbock
Lufkin 2006 | 2006 | MiA [ 2005 | 2006 | 2006 fa 2006 | MR
Mansfield 2006 | 2006 | 2006 | 2005 | 2006 | 2006 L) MAA | 2006 IFGC
MceAllen 2006 | 2008 | 2006 | 2008 | 2006 | 2006 A& MAA [ 2006 IFGE
McKinney 2006 | 2006 | 2006 [ 2006 | 2006 | 2006 AA [T Y
Mesquite
Midland 2009 | 2009 | 2008 [ 2005 [ 2009 | 2009 f2, [ Y
Mission
Missouri City 2006 | 2006 | 2006 | 2005 | 2006 | 2008 L) MAA [ 2006 IPMC
Nacogdoches 2006 | 2008 | 2006 | 2005 | 2006 | 2006 A& MiA [Z00EIFC
i!e! Braunfels 2006 | 2006 | 2006 [ 2006 | 2006 | 2006 AA 2006 | 2006 IFC, 2008 IPMC
North Richland
Odessa
Paris
Pacadena 2006 | 2008 | 2006 | 2008 | 2006 | 2006 MiA MAA [ 2008 IPMC
Pearland 2006 | 2008 | 2008 | 2005 | 2006 | 2006 Minance, MO MOO 2006 | 2008 |PRC
PFlugerville
Pharr 2003 | 2003 [ 2008 [ 2002 | 2003 | 2003 IAA 2003 |200FIFC, 2003 IPMC
Plano
Port Arthur 2006 | 2006 | 2006 | 2002 | 2006 | 2006 A 1997 | hiA
Richardson 2006 | 2008 | 2006 | 2005 | 2006 | 2006 MAA MAA | MEA
Rockwall 2006 | 2006 | 2006 [ 2005 | 2006 | 2006 IAA M | 2006 IFC
Rosenberg
Round Rock 2006 | 200 | 2006 [ 2008 | 2006 | 2006 IAA 2006 | M
Rowlett
San Angelo
1E[4 1
“E .EE.: .E:a ‘i':.; g:;% Drbar Goder
38| d3|d3E| 23| éd:
San Antonio
San Benito 2003 | 2003 | 2003 | MAA | 2009 [ 2009 (e Mf& 2003 IFGC, 2003 IPMC, 2009 'WUIC
San Juan 2008 | 2006 | 2006 | 200% | 2008 | 2008 ) 2006 ) 2008 IFCIHurricane Resistant Residential Construction
San Marcos
Schertz
Sequin 2006 | 2006 | 2008 | 2005 | 2006 [ 2006 AA 2006 | Rda
Sh 2006 | 2006 | 2008 [ 2006 | 2006 [ 2006 AA, [ TS
Socormoe 2003 | 2003 | 2003 | 2003 | 2003 | 2003 2003 2003 | MeA
Southlake 2006 | 2006 | 2008 [ 2008 | 2006 [ 2006 AA, [T TS
Sugar Land 2003 | 2003 | 2003 [ 2005 | 2003 [ 2003 fa 2003 | 2003 IFC, 2003 IFGC, 2003 IFMC
Temple 2008 | 2006 | 2006 | 200% | 2008 | 2008 MiA MiA | 2008 IFGC, 2008 IPMC
Tezarkana
Tezas City 2006 | 2006 | 2006 | 2006 | 2006 [ 2006 2006 2006 | Rf2
The Colony 2008 | 2006 | 2006 | 2002 | 2008 | 2008 A& MAA | MEA
Taler
Yictoria
Waco ™ 2009 | 2009 | 2009 [ 2008 [ 2009 [ 2009 LAA, 2009 [2009FC, 2009 IFGC, 2009 IPMC
W azahachi
Weatherford
Weslaco
Wichita Falls 2006 | F006 | 2006 [ #0085 | 2006 | #0086 173 2006 | M2

In general, the State has enjoyed a true market transformation in the supply of certain products, such as Low Solar
Gain windows**.

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. During 2010, the Laboratory provided various energy-code-related trainings through projects funded
by the State Energy Conservation Office, which began in previous years. These included:

13 http://www.energycodes.gov/implement/pdfs/shgc.pdf
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e Residential and Commercial Energy Code Training;

e Green is Mainstream: Energy Codes, Energy Efficiency, and Best Practices in Green Building Workshops;
and

e International Code Compliance Calculator (IC3) Workshops.

In addition, in April 2010, the Laboratory was awarded a grant from the Texas Workforce Commission for a project

that included:

. Developing five curricula related to the 2009 IECC and EE/RE topics (in carpentry, electrical, HVAC,
plumbing, and a cross-trades basic technician level), which were submitted (in 2011) to the Texas Higher
Education Coordinating Board (THECB) for consideration for inclusion in the Workforce Education
Course Manual (WECM) as credit-hour coursework and/or certification courses; and

. Developing six short courses on the 2009 IECC and teaching them through workshops across Texas.

These included three levels of 2009 IECC Overview courses (Basic, Intermediate and Advanced), and three hands-
on technical skills training (Special Topic Hands-on: Performance Testing Requirements in the Code, Special Topic
Hands-on: Duct Total Leakage Testing at Rough-in, Special Topic Hands-on: Air Infiltration Testing & Duct
Leakage to Outside). During 2010, all the various programs included a total of 49 short courses/workshops
conducted in 2010, with a total of 818 participants.

Table 3: List of all short courses/workshops conducted in 2010

Short Courses/Workshops

Course Title Date Location Attendance
IECC 2009 Fundamentals Commercial 1/29/2010 Waco, TX 12
IECC 2009 Fundamentals Residential 1/29/2010 Waco, TX 12
IECC 2009 Fundamentals Commercial 2/2/2010 Corpus Christi, TX 15
IECC 2009 Fundamentals Residential 2/2/2010 Corpus Christi, TX 11
Overview of International Code Compliance Calculator 2/3/2010 Corpus Christi, TX 16
IECC 2009 Fundamentals Commercial 2/3/2010 Corpus Christi, TX 9
Overview of International Code Compliance Calculator 2/4/2010 Corpus Christi, TX 8
IECC 2009 Fundamentals Residential 2/4/2010 Corpus Christi, TX 11
IECC 2009 Fundamentals Commercial 2/9/2010 Waco, TX 36
IECC 2009 Fundamentals Residential 2/9/2010 Waco, TX 45
Overview of International Code Compliance Calculator 2/10/2010 Waco, TX 17
Green Is Mainstream 2/25/2010 San Angelo, TX 12
Green Is Mainstream 3/5/2010 Tyler, TX 13
Green Is Mainstream 3/20/2010 Victoria, TX 7
Green Is Mainstream 3/30/2010 Laredo, TX 14
Green Is Mainstream 4/6/2010 Abilene, TX 21
Green Is Mainstream 4/13/2010 El Paso, TX 24
Green Is Mainstream 4/27/2010 Lubbock, TX 7
Green Is Mainstream 4/29/2010 Temple, TX 35
Green Is Mainstream 6/8/2010 Marble Falls, TX 11
Green Is Mainstream 6/17/2010 Nash, TX 7
Green Is Mainstream 6/29/2010 Kerrville, TX 9
Green Is Mainstream 7/14/2010 Houston, TX 24
Green Is Mainstream 7/14/2010 Houston, TX 19
Green Is Mainstream 7/22/2010 Midland, TX 10
2009 IECC Overview Basic 8/26/2010 Austin, TX 8
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2009 IECC Overview Intermediate 8/26/2010 Austin, TX 13
2009 IECC Overview Advanced 8/26/2010 Austin, TX 10
Special Topic Hands-on: Performance Testing 8/26/2010 Austin, TX 11
Requirements in the Code

2009 IECC Overview Basic 9/20/2010 Cedar Valley College, Lancaster, TX 11
2009 IECC Overview Intermediate 9/20/2010 Cedar Valley College, Lancaster, TX 15
Introductory Presentation on Proposed Certification 9/20/2010 Cedar Valley College, Lancaster, TX 12
Endorsements

2009 IECC Overview Advanced 9/21/2010 Cedar Valley College, Lancaster, TX 8
Green is Mainstream 10/14/2010 Grapevine, TX 20
Green is Mainstream 10/21/2010 Longview, TX 8
Special Topic Hands-on: Duct Total Leakage Testing at 10/26/2010 Cedar Valley College, Lancaster, TX 18
Rough-in

Special Topic Hands-on: Performance Testing 10/26/2010 Cedar Valley College, Lancaster, TX 20
Requirements in the Code

Introductory Presentation on Proposed Certification 10/27/2010 Cedar Valley College, Lancaster, TX 11
Endorsements

Special Topic Hands-on: Air Infiltration Testing & Duct 10/27/2010 Cedar Valley College, Lancaster, TX 17
Leakage to Outside

Special Topic Hands-on: Duct Total Leakage Testing at 10/28/2010 Cedar Valley College, Lancaster, TX 17
Rough-in

Special Topic Hands-on: Performance Testing 10/28/2010 Cedar Valley College, Lancaster, TX 20
Requirements in the Code

Special Topic Hands-on: Air Infiltration Testing & Duct 10/29/2010 Cedar Valley College, Lancaster, TX 17
Leakage to Outside

2009 IECC Overview Basic 11/1/2010 Plano, TX 29
2009 IECC Overview Basic 11/1/2010 Plano, TX 3
2009 IECC Overview Intermediate 11/1/2010 Plano, TX 23
2009 IECC Overview Advanced 11/2/2010 Plano, TX 19
2009 IECC Overview Intermediate 11/2/2010 Plano, TX 8
Green is Mainstream 12/3/2010 Houston, TX 74
Green is Mainstream 12/10/2010 Bryan, TX 21

TOTAL: 49 Short Courses/Workshops were conducted in 2010, with a total of 818 participants
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These slides are from the 1C3 Workshops. These were given
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Engineering Research Associate since 2007 » 24 years experience in municipal code
« City of Fort Worth Chief Residential enforcement
Inspector for 11 years e Certified Building Official & other ICC
«|CC Certified Certifications
= State of Texas Plumbing Inspectors’ License *Contracted with Energy Systems
» Master Sign Electrician License Laboratory to teach workshops in
] Commercial Energy Code and IC3
# Successful completion of Home Energy
5 Rater Training i
% [\ %
N ~
@ Energy Systems Laboratory @ Energy Systems Laboratory
Part of thgJ Texas AT&mLLJvaersny . Specializes in managing energy
yjtetaa (TAmMU) efficiency related projects
A division of the Texas Engineering eIndustrial Assessment
Experiment Station (TEES). A research *Continuous Commissioning®
arm of the colleges.of Engineering and *Equipment Testing
an engineering agency of the State of * | egislative responsibilities for the Texas
Texas providing over half a billion Emissions Reduction Plan (TERP)
dollars in research annually.
/ . J

Figure 26: IC3 Calculator, part 1
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Continuous Commissioning®

Energy Systems Laboratory

Texas Emission Reduction Plan
{TERP}

- Established by 77% Texas Legislature in

+ Assures that the air in Texas is safe to breathe
Develops approaches to solving environmental
problems
Funds research and developrment
Establishes Texas Building Energy Performance
Standards

2001, through enactment of Senate Bill b

2010 TERP Report, Vol. Il, pg. 48

Y

™

@ Energy Systems Laboratory

Equipment Testing Services

\
Texas Emission Reduction Plan

(TERP)

+ Texas Building Energy Performance
Standards
« Assidned the Energy Systems Laboratory
(ESL) to:
+ Help municipalities and counties determine
the relative impacts of local amendments
tathe code

Report the status and effect of energy &
emissions as impacted by lacal codes

Texas Emission Reduction Plan
{TERP)

- Texas Building Energy Performance
Standards

« Assigned the Energy Systems Laboratory
{ESL) to:

the relative impacts of local amendments
to the code

+ Repert the status and effect of energy &
emissions as impacted by local codes

Help municipalities and counties determing

v

Figure 27: 1C3 Calculator, part 2

-~

@ Energy Systems Laboratory

http://esl.eslwin.tamu.edu/reperts/builders-information. htmil

Texas ARM System Enargy Systems Lab
TEES: The Enginesring Agency of the State of Texas
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~ = 'S N
Texas Emission Reduction Plan Texas Emission Reduction Plan
(TERP) (TERP)

- Texas Building Energy Performance « Texas Building Energy Performance

Standards et Standards

+ Sets the 2000 International . *2000 International Residential Code as
Residential Code and the applicable for 1- and 2- family residential
2000 International Energy construction
Conservation Code (IECC) #2000 International Energy Conservation Code
with the 2001 Supplement, with the 2001 Supplement for use in all other
as the first state mandated residential, commercial, and industrial
energy codes for the State construction.

\\“3 of Texas \“ Y,

s =~ [~ =~
Texas Emission Reduction Plan Texas Emission Reduction Plan
(TERP) (TERP)

Texas Building Energy Performance
Standards Texas' Non-
« Designed to save energy by: attainmentand ==
+« Reducing solar heat gain Nea_r Non- | A
» Improving the performance of HVAC ducts attainment Areas T
« Requiring openings in the thermal envelope :
to be sealed against air leaks
» Setting minimum insulation levels for
thermal envelope assemblies

\‘-15 / \\.‘E

- N [~ N
Texas Emission Reduction Plan
(TERP) @ Energy Systems Laboratory

» Developed a series of web-based calculators

Municipalities or counties allowing Texas Government and Building
may adopt local amendments Industry users to design energy efficient
to the International Energy ‘;: . bml.dlng&_'. at or above c.ode, thus documenting
Conservation Code and the _ their emissions reductions
energy efficiency chapter of
the International Residential - International Code Compliance Calculator (IC3)
Code, however these was developed for residential new construction
amendments may not result
in less stringent energy efficiency requirements in « Many jurisdictions mandate the use of IC3
nonattainment areas and affected counties.

T w L _/

Figure 28: ICE3 Calculator, part 3
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3 N ;
International Code
Software Development :
Compliance Calculator - IC3
IC35:= _ _ _ )
+ Developed with emphasis on simplicity
« International Code Compliance
Calculator (IC3) + ESL's goal is to develop an easy-to-use,
» Easfed on thegf"a; Bg"d'"g Energy easy-to-access simulated performance
TR RNl based tool that could be used to show
« A performance-based residential energy code .
compliance tool code compliance and to report reduced
+ Designed specifically to be used in residential energy consumption to the US EPA
. construction within the state of Texas "
\_ ] L
7 i 3
2 IC3 First Page
Intemational
Ic3 EEEE%T:?ES —User Login
Welcome! This is publicly accessible energy coda compliance software
o on the Texas Building Energy Perfor Stand fou must
Let'S Get Sta rted ‘ ?:S.Zle.oz Jseer:grane alrj:(?:essv:orgy:‘n oelr(izer::ZT'unuaen. ?'I;?:nla\:fuﬂ":;fl
- 3 ! access your records using wour user name and password.
The first thing you need to do is type
i Email Address:
htt : ICB-tamu-edu Password:
in your browser Login |
Register Forgot Password
N F L
i N 7
() IC3 Registration Page ) IC3 Login Page
~User Login
Welcome! Thl_s is publi_cly accessible enargy code compliance f.t-l'h-rare
Registration e
E | Address access your records USINg wour user names and password
mail .
Password: Email Address:
Repeat Password; LRI
Login
Register E
S Register Forgot Password
\” _/ iy

Figure 29: IC3 Calculator, part 4
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s - i ]
IC3 My Page IC3 My Page ~ Links
Ic3':=wmi T e =
25 coMpLIANCE ¥ Wem bt [ ] yroe ] tononn
AR A i e g logged in as kmckelvey@tamu.edu Edit Profile
Search e r_'q Mew Project i | My Page m Log Cut

Project Name Construction Address = —

copy | ceen
CATEE! Houston T410 Anrim T copy Gelmle C H / ijal s * il

redits « Help/FAGQ + Manual «'IC3'3.6.1 « RESNET
i g e | cests - HeloPAQ - Manual - 13 36.1- RESNET
CHy of Housion 3300 Man 81 copy  celte
Kathy's Project 123 Bomeswhare D¢ copy | celete
Code Entorcement 2901 Travs copy  ceate
Tyt ATIW. Ferguan copy  celete
Hounton House 3300 Man 5t Gopy  delwle
Crab ouse 1800 Pensytvania Ave copy | cwme
Friday ARemacn 1548 Jackscn B copy | delete
= pri=]
A J A %

7 N 7 N
@ IC3 My Page ~ Projects @ IC3 - Project Information
Delete and Copy

3 ] o by G —
1IC3::. [ s (5 e ] e o — ‘ %
Search =3 =
Project Name Comstruction Address
Copy | delete -
e e oy
s g e
Chty of Woustcn 3300 Man St copy  Cewte
Kaghy's Projoct 123 Bomewhere Dv copy | dete
i e . —
Tyler 423 W, Ferguasn copy | calmte Al s s
Howston House 3300 Man 51 SOpY | Ceate
g e o
27 Fnday ARemaon 1545 Jackson Rd. copy  delete

N ” N
IC3 - Project Information @ IC3 - Project Information

Builder Fhane: 1

|2815555555
floon | Wndais | nsdMe | HVAGIWN | Redf | Oveangs | S —_—
Site Street Address:
Site Address |999 Main St
NOTE: All fields on this page (except notes) must be completed to print a city
certificate.
|Hnustnn
Project Name;
| Tom's House | County:
: i . HARRIS .
Filiter Nanms:
Tom | Zip Code: Please enter the city in which
[77088 the house will be bullt

Figure 30: IC3 Calculator, part 5
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s ™~ . ™
IC3 - Project Information IC3 Floors

Notes (Make nate of Duct Tradeof! here. Limit 255 characters. |:
Cyndi didn't wart to but did.

Crientation

Front of House Faces: . g
suutneast J < =

[

Please select the orlentation
of the house from the drop-
down menu. The front of the e sy
house is the direction the
front door faces. The right —
side of the house (s to the -
right of the house when
facing it.
=21

7 D 7 )
IC3 Floors - How Many? (8] IC3 Floors - First Floor

1st Floor

Conditioned Floor Area (sq fi PR g |
{2400 i e —

Floors |

Number of Floors:

A -

Perimeter of Conditioned Area (ff):

Average Ceiling Height ()
12

Please enter the total length of

the walls separating

conditioned space from
unconditioned space on this

Please select the number of floor

floors the house will have.

IC3 Floors - 2" and 3™ IC3 Floors ~ Bedrooms and )
Floors - Foundation

— Bedrooms

Conditioned Fioor Area (3q ft)
1800

2na Ficar _E ereE i T Number of Bedraoms

Perimeter of Conditioned Area ()
1 Enter the total squars-foatage

18 af conditioned space of this

floor overhangt

. SR {uncendition

firerage. g Helgla (1) floor overhanging an

8 unconditioned parch or

' garage. |

Foundation

ambient Blease ater the normiber of
jir. (le-2nd Foundation Type: Badrooms the Rouse will

have

b On Grad

Floor Area © ging L Space (sq 1)

w )

Figure 31: IC3 Calculator, part 6
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s N
@ IC3 Windows @ IC3 Windows - SHGC and U-
_ Factor :
——— %i Glazing Properties
—— 1 Solar Heat Gain Cosfficient
|0.3s
U-tactor:
[0 35
Enter the U-factor for the
- plazed fenestrations. (The
information may be provided
= ond hould ba e o8
. — . inspecton.

\. e v A /
~ A a N
€ 1C3 Windows - Window Sizes &) Ic3Insulation / Mechanical

Front (sq A
] H J"
Right {24 1) S TP
o w .
Back (sq R T
L) . Ploase enter the total combened area of o 2 )

windows and glass doors. measured using the SE—_—
Left isq ft) 3
o] S

COuind 36 fo the Boor DXARING e 0o? 208 -

\:m trame Y B e
f R 3 R
@ IC3 Insulation / Mechanical @ IC3 Insulation / Mechanical
Conditioned Space % Z Blower Door
— Mect Measurements for Blower Door are:
Estimated -
Mechanical in conditioned space?.
Blower Door (in ACHS0):
® C
o =
enicnedt et s i e
) oo 1o Fout orssred s the proposed house.
S ) 4 =

Figure 32: IC3 Calculator, part 7
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IC3 Insulation / Mechanical

Duct Elaster

Measurements for Duct Blaster are:

Estimated

Duct B]Illa_l_‘(m CFM25)
|

2010 TERP Report, Vol. Il, pg. 54

al

Wall Insulation

(
IC3 Insulation / Mechanic

— Insulation
Wall Caviy Insudation R-Velue:
[11
™ o,
i |\
(] "
o | o
i ” |
vl el
0 !
Pty [0 insulated Wo Sheathing R-value:
E o |
" ¢
\44 il

Please enter the expected results

from the Duct Blaster test for
the proposed house.
./

~

-
(&) ic3 HVAC/DHW

>
IC3 Insulation / Mechanical

Wall Finish
BT oot
Exterior W Finish -
Wood Suling Cement Board
|T;ohl ﬁuus.cl.-hnu Insulation R-Value - Wood fidng
[ [o—
> / =
é 3 3 N
IC3 HVAC/DHW - Heating IC3 HVAC/DHW - Cooling
Heating u Sy —
Hening Typa | AIC Efficioncy (SEER) ),
Natural Gas I 13 | - =
Haeating Efficiency (AFUE) I
o8 !
T |
Haating Effcsancy (AFUE] %w“
;D3_ P L AC Size(tons)
= e le
el 5 ke
Figure 33: IC3 Calculator, part 8
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2010 TERP Report, Vol. Il, pg. 55

3 4
IC3 HVAC/DHW - Water 1C3 Roof
“  Heater e
Water Heatar Type: .
R -S o w e
N = -
IEn-rw_Fn:Ir_v
|0.68
(B oot
\49 KSD -
a IC3 Roof - Rocf Covering and\ d
3 ) IC3 Roof - Ceiling Area
Radiant Barrier @ g
i Flat Roof Ares: ,@‘--
Roaf Covering Material :E‘l-_ﬁmi_: - W
;(L:‘Ijmp'osr‘cmg!e' te Tl
Slate ———
\gli.;f Shingles =
Cathadral Ceiling Area
| 3600
Uses Radiant Barrier:
Yes No
\" _/ h =
g h ;
IC3 Roof - Ceiling Area
Attic Floot Area o
[0 | [ F .
Ares of Wall Adjacent to Unconditioned Attic Space
200 |
\ N

Figure 34: IC3 Calculator, part 9
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|IC3 Status

16.6% Above Code

Congrausations! Your project

has passed code roquiroments!

IC3 Energy Checklist

Energy
‘% Checklist

57 - — HE=

.~
Thank you for attending!
ESL- Enexy Systems Lab: Ed Dryden
http: / fesleslwin, imu edus Ed Dryden(@arling toote gov
SECO- Stte Enepy Comervation Office: Felic Loper
bhttp: / fwmwsecs cpa.stte bous Felic lopez (ficpa.stabe teus
D OE- Department of Energy:
http. / femwenegy pov s
EFA- Environmenta] Frotection Agency:
http: f femwepa govi
\\59

Figure 35: IC3 Calculator, part 10
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Questions and Answers
ESL's Contact information

IC3 Support

lz3_support@esl.tamu.edu

@ Katherine McKelvey
- {970) 8451781
ﬁ Kmckelvey@tamu.ed u

HERD
\SS

\
IC3 Energy Certificate
% Energy
Ce_rtifi_cate
¥
16.6%
@ = . IC3
> ' Y,
1C3 i = )
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2009 IECC Provisions- Basic

Based on the 2009 International
Energy Conservation Code

2010 TERP Report, Vol. Il, pg. 57

Special Thanks

S e

Agenda

1) Overview

Basic Building Science
Construction Examples
Code Provisions

)
)
)
)
reak
)
)
)
)

2
3
4
B
4

.M .

Chapter 1 - Administration

5) Chapter 2 - Definitions

B) Chapter 3 — Design Conditions
7) Prescriptive Tables, Q & A and Special

Thanks

(ot

Seminar Goal

The goal of this seminar is for participants
to learn the basics of building science asit
applies to energy efficiency and to
understand the 2009 IECC Prescriptive
Tables for Residential and Commercial
construction.

e
:,g:
i

Objectives

' Upon completion of this seminar, participants
will be able to:

— Locate genera topics in Chapters 1, 2, and 3
of the 2009 IECC

— Use applicable tables in the 2009 IECC for
prescriptive applications

— Explain the intent of the energy tode

[ S W

2008 I et ) e gy Conaeration oot - Bk 5

&

Figure 36: IECC Basic Overview part 1

Impact of Buildings

BB 1.3 million single-family
= housing starts permitted in
| United States

| 5170 billion in private non-
residential construction

! The average home emits
twice as many greenhouse
gases (GHG) as the average
car.

MO =8

2008 e retiom) Energy G e ation Cote - B e 8
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National Perspective

! Energy savings potential in
the 15 states with least
g efficient codes {or no code) @
.+ 18.5 trillion Btu's annually
t = 30-year cumulative savings

of 8.5 Quads

Source: BLAY natimstes

o wmvmthe e A Lot

2010 TERP Report, Vol. Il, pg. 58

BUILDINGS
INDUSTRIAL 48%

25%

TRANSPORTATION
27%

U.S. ENERGY CONSUMPTION

BUILDINGS

TRANSPORTATION

INDUSTRY

1960 1980 2000

CO2 EMISSIONS by SECTOR
(Million Metric Tons of Carbon)

Lfta £ haay IHRAE Ao e ot L) Archascrs 2030

Energy Code Benefits to Communities

= Lowers production of Green House gases &
[ particulates
© @ Decreases need to construct new power
I . plants

{ © Reduces peak load demand (increases
system reliability)
@ Keeps energy dollars in communities
= Improves building stock

3m vt Sy o vt o e

Energy Code Benefits to Builders

# Promotes good construction practices
@ Increases competitive advantage

@ Reduces callbacks

Figure 37: IECC Basic Overview part 2

Energy Code Benefits to Consumers

. @ Lower utility costs

—_—

| @ Increased comfort

P @ Reduced air leakage

‘ @ Less extreme surface temperatures
» Low Maintenance/Durable

@ Increased equipment life

December 2011
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What are Codes?

!What are the IECC and ASHRAE?

i« Minimum standards for energy

. efficiency
— The least efficient building legally

permissible

Energy Code Building Components

+ Building envelope
* Mechanical systems
* Electrical systems

* Water heating

"’;'_I_'r EE: n]-

International Energy Conservation Code

* Recognized as the national model energy code

of choice for U.5. cities, counties and states that

ﬂ'l adopt codes

. * Cited throughout Federal law for national
private and public housing initiatives
" + Serves as the basis for federal tax credits for

energy efficient homes, energy efficiency

i standards for federal residential buildings and
manufactured housing

2010 TERP Report, Vol. Il, pg. 59

Intent of the IECC

Section 1013

—Stated Intent

+ Regulates the dedgn and
construction of buildings for
the effective use of energy

* Fncourage the use of
innovative approaches and
techniques

+ NOT intended to abridge
safety requirements of other
codes

) e A VI

What Codes are Not?

.-e-Not Product specific
77 - Type of fuel for appliances
- Recycled content
@ Not state-of-the-art criteria
‘ Do not regulate “cosmetic” items
- Paint
- Carpet
= Do not regulate appliances

Well Constructed Buildings are ...

— Healthy

—Safe

— Durable/Low
maintenance

- Lfficient
— Comfortable

2 - e |

Figure 38: IECC Basic Overview part 3
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The House...”is a System.”

i - What makes a building uncomfortable?
= o Drafts
o Cold surfaces
o o Uneven heating/cooling
t o Moisture extremes
o Poor/No Ventilation
- Light/NoisefVibration
- Pollutants/Furnishings
o Occupant diversity

i

2010 TERP Report, Vol. 1l, pg. 60

Quick Review.....

1. Abuilding built in conformance with the code is the
=== best building that can be built. T/F

" o 2. The code regulates the efficiencies of televisions
| _ and refrigerators. T/F

& 3. The code regulates the minimum effective use of
energy. T/F

4. The 2009 IECC is the commercial energy code for
the State of Texas effective

008 mtzrm s Enegy

Basic Building Science

Methods of Heat Transfer

» Conduction
= Convection

Solar Radiatio

Conduction

300F
. The transfer of heat through a
- & solid material, moving from
warmer to cooler particles that

Conduction are in direct physical contact.
| . 700F Rate of heat transfer is called
y S0°F U-factor.
Conduction

Code Response

MNote: R=1/U

2009 i rwtire | nergp Go e ratizn e - e =

Resist heat transfer with Insulation.
Rate of resistance is called R-value.

Figure 39: IECC Basic Overview part 4

o

g . Convection e o
(Irfiltration) « Radiation

‘ Conduction
\. 2008 \nermbiom) Eaeigy Come nation Cale < Bk =
Convection
. . 30°F The transfer of heat through
— a moving fluid, either gas or

liquid. The most common
driving force for convective
Convection heat transfer is differences in air
300F (Infiltration and pressure such as the tendency
Exfiltration) Z e Z

of a warm fluid to rise due to its
lighter density.

Code Response
Seal against air leakage.

2908 mmemmtira ) Ene gy Co e ratisn Cage - B 24

December 2011

Energy Systems Laboratory, Texas A&M University System




2010 TERP Report, Vol. I, pg. 61

Radiation Building Science 101

The transfer of heat by
electromagnetic waves from a
warmer to a cooler surface, where
the medium is not affected by the
transfer. To transfer heat by radiation

+ Differences in temperature, humidity and
air pressures attempt to equalize

* Heat flows from higher to lower values

= S S

Selr Hadilion fom one surface to the another, the — Hot to cold
fi t at st b ‘1 s
;;;:;_emper Hres mustbe Humidity flows from higher to lower values
Exarmpies - Solar radisfion from the sun fo — Wet todry
F & house or from & person o a ookl window
ﬁ ————— —— surface *+ Ajr pressure flows from higher to lower
Code Response = =
Lower SHGC Glazing Talugs
What is Solar Heat Gain Coefficient Keep Heat Out
(SHGC)?
SHGC is the fraction of 100% Windows

total incident solar heat
(ultravialet, visible and
infrared) entering the

Reflective roofing

i

Radiant barriers

window compared to Es
= = Shade
the solar heat striking
the window a sHGC of 0.40 = |nsulation

rneans that 409 of the solar
heat passes through the

— Installation quality

— Total-fill solutions
window 40%

60%

-
B

— Framing alternatives

- ! Q (}3- R P —-

Outdoor Space

* Porches

F * Living areas

Figure 40: IECC Basic Overview part 5
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Wall Insulation

Construction Examples

Alternative Framing

(aka Smart Framing, Advanced Framing)

* Corner framing
* Allows for insulation

-+ Structural Support

No insulation More insulation|

-

RSN AN S

P @::‘. 2000 et e g e i e O %

Corner Framing Ladder Framing

i

2009 e trtiorm | e gy Camerimtion Coae - deE =

¢ i 2%

?

) o 2009 It Ureigy Gemermtion Coar - et e
L&

Figure 41: IECC Basic Overview part 6
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Infrared Images of Insulation Infrared Images of Insulation

« e AV

Per formirg Gap Missed Soffit
Missing baffle Thin coverage
&:&_ S50 it g o i & e s i Sl
Check Your Corners! Infrared Images of Insulation

T

Chimni-ay {;atﬁ cap) .’,

Attic slope insulation”
transition (gap)

Recessed cans ™

Typical Knee Wall Insulation Effective Insulation Techniques for
Attic Kneewalls

Figure 42: IECC Basic Overview part 7
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Energy Trusses Typical Home Air Leakage

attic bypasses
fireplace 240
5%

dooars
7%

basement
20%

axterior windows
12%

wiall duct system

penetrations & 14%
vents

18%

008 izt e gy Comentin Cods - s C aa

Control Air Leakage Thermal & Air Barrier

* i lofiltration and

Bypasses are M Bppusas”

| hidden air
— passageways that

. “Miss-Alighment’

A 5na tum sl barmert NET
‘touahing, Ls. mnalignea

AL |

. lead from the s T
heated space into ER H
N the attic [
Hot(cold)air )
airand bisrmal
S

\ em_ 2068 o mtioml gy Comeention Code - s & = G;;; 2008 et ot ey Comeration e - 3 & »

s

.

Infiltration Controls Seal all Penetrations

. |

W Gm; 200 Iz iz Ener Goree iz e - s r § e 2009 mzmmive) ey Gomenatin Ceae -

(&

Figure 43: IECC Basic Overview part 8
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Electrical Areas Air Leakage Plumbing Areas Air Leakage

Air Tight Recessed Lights How We Use Energy In Our Home

{Based onnational averages)

The h'gesrpwncv} of @ utibny Wl for o rypcdkmeasforkeﬂmg
fimehio bt chidas okt ¢ st

Water
14%

Lighting,
cooking,
and other
applionces
313%

- 2. I

‘Q:_ e

Efficient HVAC HVAC System Loads

Dushwok 3.05%
-

pllanies 15.93%

— Kitchen/Bath/Laundry Cxhausts
= Fresh air Peopls 10.35%
— Combustion appliances and fireplace

— FKitchen hoods

e 1.10%

! : ol .
= - TR Q.
-
* Sizing - SEER/HPSF
N = Ventilation

Figure 44: IECC Basic Overview part 9
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Load Calculation

* |t's the LAW

—IRCM1401.3

* Reduced initial cost

Improved comfort

Better |1AQ, filtration, moisture control

* Less noise

Lower utility bills/electrical demand

¢ e A

Om-_ 200m et e Comanadion e - i

Bigger is Not Better

* Most A/C’s are oversized for the house

* Resulting in short cycling

[l
—
— Reduces equipment life
" — Reduces efficiency (SEER)
& — Results in poor dehumidification
@

— Reduces filter effectiveness

O:,rm 2008 st gy Comennton o i

HVAC Piping Insulation

‘it o:::'_ [T —

Figure 45: IECC Basic Overview part 10
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How to Use Your
“Rule-of-Thumb” Load Calculator

Directions:

2008 e matiml e gy, Genaerantion Coge - 56

Equipment Sizing Case Study

AC size relative to design cooling load

E

design load

AC capacity /

Hours #

0%
EE T OER MmN YRS TEEE® @ w e

Average AC size _ 2x what's needed

2008 memrmtism Energy G merstion Cege - s =

Ducts

* Sealing
— * Short, straight runs

— g
* Inside conditioned

t_' space

2008 intzomtioml Energy o e reotion Code - st @

December 2011
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Proper Installation

L

Proper Installation

Flex Duct

Strop innor linor and
outer insulation ~~__

S

Run lines straight
nlllr‘:gsmm wlbows &
bends and comaers
Nevenr punciure innae

lier. I sepair & needed;

instal a couplng and
seal proparhy

Seal joints and
saams with
mastic

HVAC Duct Sealing

L

¢ I A

Proper Duct Installation

HVAC Duct Installation- Bad

Duct Sealing

. * Leakage can increase required HVAC size
' by about 40%
#! * Supply leaks draw in hot, moist air -
. negative pressure
* Return leaks bring air from attic,
crawlspace, bypass filter grille
| * Cause dust, discomfort, backdrafting,
high bills, mold

Figure 46: IECC Basic Overview part 11
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Return Duct Sealing HVAC Duct Sealing

e A I

3008 v omtiom) Energy 5 merenton Code - st d

« e A VI

=5
(&

HVAC Duct Sealing - Good HVAC Duct Sealing - Bad

¢ e AV

HVAC Duct Sealing- NOT Can this system function?
!
,;'7"1“;_ @m ] SR a1 é\ -

Figure 47: IECC Basic Overview part 12
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No comment necessary!! Repairs to Duct and Chases

Organization

|IECC Code Provisions
Chapter 1 - Administration
Chapter 2 = Definitions

 Chapter 3 - Design Conditions
Chapter 4 — Residential Energy Efficiency

Chapter 5 — Commercial Energy
Efficiency

Chapter 6 — Referenced Standards

Building Components Regulated: Code Compliance Process
+ Determine if the project must comply with the
1) Building Thermal Envelope IECC
» 2) Mechanical Systems # . Determlnfa if the project is residential or
] commercial

‘3] Electrical Systems & Lighting

4) Service Water Heating
Systems

Compliance documentation

Plan reviewer is to ensure the documentation is
clearly identified

Confirm that energy-using features of the building
are installed per the approved plans and
documentation

Figure 48: IECC Basic Overview part 13
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Break

15 minutes

200 e methm i (i g Conse vt Cede - ik

101.2 Scope

The code applies to:

0 Residential Buildings

L

— One- and two-family dwellings,
townhomes (not-IRC buildings}

-
L

— Multifamily dwellings three §
stories or less in height

o Commercial Buildings

— Multifamily dwellings four
stories or greater in height

] O:::; 2008 nermtim! tne gy e renton Code - B

2 . S Y

(5

101.3 — Intent

Life safety, health and
environmental requirements take
precedence over energy provisions

.,

s
i

O:;,-; 2008 e rmtiom) Cne gy o e renton e - B

55

Figure 49: IECC Basic Overview part 14
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Chapter 1

Administration and Enforcement

101.3 Intent

* The IECC provides prescriptive and

performance-related provisions for both
' commercial and residential buildings to
L = provide for efficient use of energy

‘ * And provides flexibility to permit the use
i of innovative approaches and techniques
e

oAt O;:_v_ S008It retom! Sy ot St

101.4 Applicability

I The provisions apply to several different

. project types:

o * Newly conditioned space

‘ * New construction in existing buildings

"‘ * Additions, alterations and repairs to
existing buildings

‘ * Mixed use buildings

* Change in occupancy

2008 nge rntiom | Enegy Co e rantion Cede - @
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Newly Conditioned Space — New
Buildings

2008 e rmtorml € e gy 5 et Cede - s

2010 TERP Report, Vol. I1, pg. 71

Newly Conditioned Space — Previously
Unconditioned

2008 Itz et | nevgy Gomermtion Cede - e =

101.4.2 — Historic Buildings

P~

5
L

Cast-iron Architecture of Gaveston, Texas

The 3r0mbge OTEE-190 0441 i Gk REUU3| 30 MEIBITE BUINGE WIS 4 BOMEE <3CEIDN LDRMOME | B3 Lestol's
12- bock StRNdAMechan o Natoal HEDG Lawinak Dbkt oie oftie Bges tookotions o ketork commerc Bl DY gs
e CoNVTY. UNam katey, ¢ WHespial Modlkg catsed by HANEGie Ke I Sepember 2005 Catced e 18 1£Ue CAA:,
kg the dEUTIING D F ke,

;e AW

2008 e o £ gy s meration Code - e

101.4.3 — Additions, alterations,
renovations or repairs

l Where change increases energy use

Applies to alteration as if it were new

& construction

[
‘ Exceptions...

" ptialy eed appvwal for this?

2008 Itz tim | Energy Gomermtisn Cg - s =

101.4.3 - Exceptions

. Storm windows over existing fenestration
. Glass only replacements in existing frame

L

3. Existing ceiling, wall or floor cavities filled with
insulation
b Where existing roof, wall or floor cavity is not exposed

Reroofing
Replacement of existing doors
Alterations that replace less than 50% of the luminaries

‘ in a space provided that there is no increase in installed

oo

lighting power
8. Alterations that replace only the bulb and halla st with
the existing luminaries

O OM_ P RS AR -

Figure 50: IECC Basic Overview part 15

101.4.4 — Change in Occupancy

An alteration that Wy
increases demand
for fossil fuel or
electrical energy
onsite as a result
of a change must
comply with the

code
Tl

2068 tnts ontim | neigy Comervation Code - Bzt @

L

v
!

B &
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¢ i 1

101.4.6 Mixed Occupancy
Mixed-Use Building

Buildng is now 4 stories
Commercial Provisions
throughout

Condominiums

Condominiums Residential

Apartments Residential

VAZZ7F == 777777 )
VA2 A4 Retal AP 7 A4 Commercial

P

2008 Inte ol Enegy Co mertion Code - s af
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101.4.5 — Change in Space Conditicning

. * Any unconditioned space that is altered
to become conditioned space, must
meet the requirements of the code.

2008 Intzrretirm Enery Comeration Code - B e @

sy

n

o

101.5.2 — Low Energy Buildings

* Buildings designated as exempt include
buildings that use less than 1 watt/ft? or
3.4 Btu/h ft? for space conditioning.

* Buildings, or portions thereof, that are

not conditioned are exempt from
thermal envelope requirements.

Y iR 2008 nte rmtismi Energy G me retion Coge - s b @
ot ) T

102 Alternative Materials — Methods of
Construction Design or Insulating Systems

. 102.1.1 — Above code program

— Authority to approve “above code” program is
vested in the code official.

— Language does not guarantee alternative
programs exceed the performance required by
IECC

™~
é — Burden of proof to establish equivalency is on
o

the applicant

2008 Immrmtirm) Energy Come rvtion Eege - L

103.2 — Information on Construction
Documents

* Complete set of
building plans with
efficiency requirements
clearly labeled

 Level of efficiency used to
demonstrate compliance
with the code must be
clearly identified

2068 tnte o thoral Ly Co me mtion Cede - B o

Figure 51: IECC Basic Overview part 16

103.2 — Information on Construction
Documents

* Sizes & types of windows/glazed doors

* Window/Door U-value and SHGC

* Caulking and sealing notes

+ |nsulation R-values and protection notes

* Equipment size, types, efficiencies, locations

* Thermostat type

* Duct construction, insulation, location and
sealing notes

HVAC piping insulatian
Low-flow shower head and heat trap notes

.

2008 Intermtion | Ene gy Come rtion Code - Bzt =
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103.3 Examination of documents

. * This section of the code covers the examination
of documents and the various types of approvals
that the code official will deal with on both new
and existing buildings
,:7' * |nformation can be presented in a number of
| ways: .
— On the drawings
: — On sections and in schedules
— Through notes and callouts
&

— Through supplementary worksheets or calculations

(& f J::f; 008 et | §nergy Gomerimtisn Cede - s £ o7

106 — Referenced Standards

. 106.2 — Conflicting requirements

Code takes precedence when the requirements
of the standard conflict with the requirements
of the code

. 106.2 — Other laws

to nullify any provisions of local, state, or federal
law

E The provisions of this code shall not be deemed

2008 Interretiom nergy Comerimtion Code - Gas & @

General Definitions

1) Building Thermal Envelope

Commercial Building

§ 2
i 3) Conditioned Space
4

o, My by R

Exterior Wall
5) Residential Building

6) U-factor (Thermal
Transmittance)

.

2008 e math e e gy Conservmtion Code - Bk 104

Figure 52: IECC Basic Overview part 17
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104 - Inspecticns

Construction shall not be concealed
without inspection approval

‘ A final inspection is required before
¥y occupancy

official

2008 e rtm | € ne gy e ki Ceee - g

A building shall be re-inspected when
determined necessary by the code

All construction is subject to inspection

Chapter 2

Definitions

Revised Definitions

1) Labeled
2) Listed
i3) Storefront

"
.

2008 Inte rmtiom | £ ne gy Coreervation Coe - @
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1)
2)
3)
4
5)
6)

7
8)
9

New Definitions

Air barrier

C-factor (thermal conductance)
Daylight zone

Demand control ventilation
Entrance door

Fan systems

— FanBrake Horsepower

— Fan Systern BHP

— Fan Systern Design Conditions

— Fan Systern Motor Marmeplate HP
F-factor

High-efficacy lamps
Nameplate horsepower

2005 Inke mmt 1 £ gy Gonse rentisn Cote - s 102

¢ A VI

Insulation Product Rating

* Section 303.1.4 — Requires that R-value
of insulation be determined in
accordance with US FTC R-value rule {CFR
Title 16, Part 460, May 31, 2005)

— New provision in the 2009 [ECC

2008 nte ratior | £ g Co e estion Code - Bac

107

Figure 53: IECC Basic Overview part 18

2010 TERP Report, Vol. I1, pg. 74

Chapter 3

Design Conditions

Section 303 —Materials, Systems and
Equipment

* 303.1 - Insulation materials to be lab
on site with the rated R-value
[

2008 1tz i Ene gy O e rrtion Cade - B

eled

Fenestration Product Rating

* 303.1.3 — Fenestration product rating

— U-factors of glazed windows, doors &

be determined per NFRC 200

— Fenestration products not labeled

G- A VT

2008 e rrntiom | fne gy € e revtion Cade Bk

skylights to be determined per NFRC 100
— SHGC of glazed windows, doors & skylights to

accordingly are assigned “Default” values

December 2011
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NFRC Window Label Example

World’s Best
Window Co.

ENERGY PERFORMANCE RATINGS

U-Factor W.SAF) Solar Heat Gain Coefficient

035 0.32

ADDITIONAL PERFORMANCE RATINGS
Wisible Transmittance Alr Leskage USAP)

0.51 0.2

Condensation Resistance

e A VT

2008 Iz retiorm £ negy o e rtion Coae - s g

2010 TERP Report, Vol. Il, pg. 75

Fenestration Default Values

* 303.1.3 — Fenestration product rating
— Table 303.1.3(1)
+ Default Glazed Fenestration U-Factor
— Table 303.1.3(2)
+ Default Door U-Factors

— Table 303.1.3(3)
+ Default Glazed Fenestration SHGC

) - 2% VI

2008 I et negy o nation Cage - B 10

Default Glazed Fenestration
U-Factor

TABLE 303.1.3(1)
DEFAULT GLAZED FENESTRATION U-FACTOR

SINGLE DOUBLE Ll
'FRAME TYPE | PANE | PANE _ Single | Double
Metal | 120 | 080 | 200 | L3O
Metal with Thermal Break . 110 | 065 | 190 | 1.10
Nonmetal or Metal Clad 0.95 055 1.75 1.05

Glazed Block 1.60

G- A VTl

2008 Intz o € nergy s me rmtion Code - s R

e

Default Door U-Factors

TABLE 303.1.3(2)
DEFAULT DOOR U-FACTORS
DOOR TYPE UFACTOR
Uni Metal 1.20
Insulated Metal 0.60
Wood 0.50
Tnsulated, nonmetal edge, max 45% glazing, 035
any glazing double pane B

. E- A%

2008 Izt ey Come nation Ceae - B 112

Solar Heat Gain Coefficient

TABLE 303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC

SINGLE GLAZED DOUBLE GLAZED
Clear Tinted Clear Tinted GLAZED BLOCK
0.8 0.7 07 0.6 0.6

G A%

2008 It nmtiom | Energy o e rtion Cede + B Ha

=

Figure 54: IECC Basic Overview part 19

Compliance Approaches

Chapter 4 — Residential
Chapter 5 - Commercial

December 2011
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Chapter 4 — Residential Energy Efficiency

401.2 — Compliance

— Must comply with prescriptive provisions,
either:
* 402.1 thru 402.3 (Insulation & Fenestration),
+ 403.2.1 (Duct Insulation) , and
+ 404 {Lighting}
—0Or:
* 405 - Performance

—AND........

2008 1w mtisre1 Ene gy 5 Rt Crae - i s

& I

Chapter 4 — Residential Energy Efficiency
{cont’d)

. * 8 Mandatory Provisions:
— 401 — Compliance statement
— 402.4 — Air leakage Requirements
— 402.5 — Max fenestration U-factor & SHGC {Area
weighted averages)
‘ — 403.1 — Mechanical Systems Controls
‘ — 403.2.2 —“HVAC Duct Sealing

— 402.2.3 —Building Cavities not used as supply ducts

— 403.3 thru 402.9 —Piping insulation, ventilation,
complex systems, snow melt, and swimming pools

2008 | et e gy 5 e vt Ceae - 6 "8

Residential Compliance Process
U-Factorand Simulated
. “unr Performance
Alternatives (software)
|
A Component values Usfactor
. 40213 Simulated
Table 402.1 1 Perfarmance
i or Alternative
Total Building UA 408
402.14
I ,' 3008 vt rmtismm | Ene gy £ mervation Code - 1 Hz

TAGLE 402.1.1
HSULATION AND FENESTAATION REQUIREMENTS BY CONPONENT

| | | CRAL |
GLAZED woeD | wiss BrseuENr | sLs | space’
CLWIATE | FENESTRATION  SKYLIGHT® | FENESTRATION  CEILNG |FRANEWALL | WALL = FLOOR WALL  AVALUE WAL
| ONE | UFACIOR' | UFACIOR |  SHG( | RWALUE | RYALUE  RVALUE| RVALUE  SWALUE ’&qsm FRVALLE |
L - O O " S I { )
|772 W os | | B 4% | B0 |0 )|
N A : L) \_y‘_s [ )
|Jc\n~pv 3 : 3 2 1 o 5 " ‘
Mew | | o Ak 3 i | sl g me |
! I ! oot B JE e
Sl | o o | ow | w wewe| mn | w 3 L n | om ‘
_Nu.rmc-l‘ SN 3 Mo 134 | KT UEI A 1]}
Sl | ous | MR |4 [ Mernd S0 3 | 199 | 04 [z |
Todf| 63 | o N | as | on | ww w1 | 04k | o

2008 | i mtis | e gy o e enkion Cede - 6 1

Chapter 5 — Commercial Energy
Efficiency

* 501.1 — Scope

— Commercial buildings or portions of
commercial buildings shall meet either:

‘ * AHSRAE/IESNA Standard 90.1
é -0r:
o

* This Chapter

2008 1wt rrmtis 1 Ene gy G5 eerentin Cede - @ £ g

N0

Chapter 5 — Commercial Energy
Efficiency

. * 501.2 - Application — Shall comply with:
— 502 — Building Envelope
— 503 — Building Mechanical Systems
— 504 — Service Water Heating
— 505 — Electrical Power and Lighting Systems

* Each component must be satisfied
independently

2 * Or —similar provisions in ASHRAE 90.1

2008 | e mtis 1 e gy 5 e entin Cede - G 1

Figure 55: IECC Basic Overview part 20
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502 — Building Envelope Reguirements

Commercial Compliance Process

TABLE 62}

- — QP RCOMARIRYTS Ofochje misuns. 08 S
‘ ¢
1 ] 1 CRCEPTMARNE AND MARNE ¢ L} T LI
CUMTEDE  Mow Omgh Uobe | Dugk "ﬁ;h)l‘l~ Oogh Ml de | Gt ‘lhj‘ml Motw | Dmg b nae| 'f"l

5o | h2s | B | B M | 4 | R | B | B3 | B | RS | B | R | b3
oy Rl | pEs | B2 | B xulre A3 | B | B3 | B2 | Rk | B3| R ’

o | R4 | B | B | Bibe
Bk | R4 | R3 | B0 | RIK

Biv | R0 | B | R R4
Bk | B35 | Ratha | A1 | Rk

Bie | R | kB | mOs | L3e
1% | oS | e | e

008 nteremtioml Ene gy e tion Cod e - B 12z

502 — Building Envelope Reguirements 502 — Building Envelope Reguirements
| ks Nekw e
e e T I I R R T R L e e U O VIO, GBI 3. FENESTRATION
Yy = { CUMATE 20ME ' 2 ‘ [ o v »
I IR S W ) Vet Eoesteston (0% st ofshore-eocde wat
R RN ) P P rre—
- ke e s b tcam st widh o sitlsod wsctad rebafos comet or clading
g e Tl i (% Lom |ow | aw | ww T ow |_es | Tow
‘,...u i . ;:_ : et (rag i oo it hemal bk : T e | : 1
Cursain wallitoretos Ol | 130 070 CE N ] 045 | oas | weso | 0w
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{Opoe iy —_ | ] i - ot SHGC olf frumie fypes
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& AR et (A8 oparnia woecims, Tisd wiadoes B ORI EE doors
B0= sy . 1o SO SO S o
Summary Questions and Answers
. * For any building energy efficiency project .
to meet goals of significant energy
- savings and a high level of energy code -5
compliance we must: e
— Continue to work together, as a team and in ¢
partnership
— Maintain quality communication |
— Share goals, information and technology {
— Learn from regional, national and ‘
international experiences B
o ot . ) S .
- 126

Figure 56: IECC Basic Overview part 21
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Special Thanks

The Texas Workforce Commission supports the  high-demand
renewabla enargy industry through & grant ewarded o the Enmrgy
Systame Laborstory of the Taas Ergineering Experiment Sration at
Teas ABM University System for the developmant of curricula in
energy efficiency,

The grant aso prowides energy efficfency and renswable energy
training on the 2008 International Energy Conservation Code and
related technical skille a5 applied to the residential, commercial and
industrial sactors for approximatehy 450 participants.

Funding for this project is from the Workferca Invastmant Ad (WIA)
and the Amuerican Recovery and Reinvestmant Act of 20039 (ARRAJ.

()

Figure 57: IECC Basic Overview part 22
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20089 |ECC Provisions
Intermediate

®

o1

.jﬂ,":'"-?.'!‘“m

{oleme duckils e

okl Company

HERO

Conen ot

Based on the 2009 International
Energy Conservation Code

SO vty St e e

Agenda Seminar Goal

The goal of this seminar is for participants to
achieve an understanding of the 2009 |ECC
Chapters 4 and 5 basics to increase the

[

Overview

)

Chapters 1, Administrative

w

-
Chapter 2, Definitions =
Chapter 3, Design Conditions m efficient use of energy in the construction of
Residential Prescriptive Requirements t new buildings and alterations to existing
‘

buildings.

o

Break

“

Chapter 5, Commercial Prescriptive Requirements

o

HE. W .
.58 g U e A B A

Q & A and Special Thanks

£ v il Py St e s i 3 £ v 2 St G« i e

Objectives ' _ Organization

Upon completion of this seminar,
participants will be able to:
= Understand the Prescriptive Method for
Residential Buildings in the 2009 |[ECC
* Understand the Building Envelope Efficiency
requirements for Commercial Buildings in Chapter 5 - Commercial Energy

the 2009 IECC Efficiency
Chapter 6- Referenced Standards

Chapter 1 - Administration
Chapter 2 — Definitions
Chapter 3 — Design Conditions
Chapter 4 — Residential Energy

HE. A .

= Understand Simple Mechanical Systems for
Commercial Buildings

o
i

P Tt 5 £ lavs e g S i e« e

Figure 58: IECC Intermediate Overview part 1
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‘ The Following Are Regulated: ‘ Code Compliance Process
« Building Envelope 1 :ZIJEeCt(t:armine if the project must comply with the
* Mechanical Systems 2. Determine if the project is residential or
commercial

* Electrical Systems

Service Water Heating Systems CapplisiEecd SomEntation

Plan reviewer is to ensure the documentation
is clearly identified

5. Confirm that energy-using features of the
building are installed per the approved plans
and documentation

[ |
il
ﬁ'

- &

0 et e G e e e 7

e e ey camm o e 8 ‘

Residential Compliance Process ‘ Commercial Compliance Process ‘

| A

| Fiotet inspaction |

| |
| |
=

0 ol e i ke e 10

101.2 Scope

The code applies to:
—| * Residential Buildings

® One-and two-family dwellings,
g townhomes (not-IRC buildings)
t ® Multifamily dwellings three g

stories or lessin height

‘- Chapter 1 ‘

Administration and Enforcement k * Commercial Buildings
‘ # Multifamily dwellings four

stories or greater in height

£0 vl gy e ke« e 1z

Figure 59: IECC Intermediate Overview part 2
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\' 101.3 — Intent ‘ 101.3 Intent

Life safety, health and
environmental requirements take
precedence over energy provisions

* Emphasize both prescriptive and
‘ performance-related provisions for
both commercial and residential
buildings
* Provide flexibility to permit the use
of innovative approaches and
technigues

| ]
o
o
E
L |

’ 101.4 Applicability ‘ ’ Chapter 2
. » The provisions apply to several I e Definitions
(77 different project types: = Alr Barrier
= * Newly conditioned space r"‘ = Daylightt Zone
5 + New construction in existing = = Demand Control Ventilation
buildings ‘ - Entrance Door
s + Additions, alterations and repairs e = Fans
I to existing buildings b ~ High EFf Lannps
*  Mixed use buildings
+ Change in occupancy

| J

Moist (A)

Chapter 3 7 ‘

Warm-Hymid
Below White Line

Design Conditions ‘

[ zame 1 rcues
| Hinat, Gasm

| e,
| e Virgin s

Figure 60: IECC Intermediate Overview part 3
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‘ Residential Energy Efficiency

Contains requirements for the building
envelope, heating and cooling systems,
and water heating systems in
residential buildings

Chapter 4 ‘

Residential Energy Efficiency

o vz e Iy S it e v e 20

Chapter 4 | TABLE 41211
. . . INSULATION F BY COMPONENT"
Residential Compliance Process

‘ ‘ | | | CRAWL

GLAZED | Mass malEm‘| SLAB® | SPACE®
FEAESTARTON SKYUGHT | FENESTATCN CELIG | FAVGWALL| WAL | Fiooh | WAL | AVALE | WL
LFACTOR® _Tumroﬁ SHGC'  BVALE | RVALUE | RVALUE | BVALUE| AVALUE | KDEFTH RVALUE |

T IS
T O B O "

Pt UFactor and Stmulated , 5 | [ % |
oloc S Ainaoed L2 | o | o5 | o0 | %] B || | o [0
i3

‘ZDNEl

1

ﬂt:

4 i =
T Alternatives | & 050 085 030 | B [sa [ | s | o
| B L5 ) |‘ — ‘ 7 i 0
) excepl i
‘ M| S| NE B B | 50| 1| ten mm w3
| Companert values U-factar "5 d_‘—‘ ‘ = =
: = |Mm“.:” L NR ‘ B Dl Nﬁl Wl m*r: w3
| Table 4021 1 A2 Perf Fe—a 1 I T |
ale erfonmance : s —'—
I o Alternative 6 | 0% 0 | MR [ B [Dorisd _|5_ti_9_| W | 1519 ‘IﬂjﬁA 13 |
Total Building UA 405 [Jamds | 035 060 M| # 4 || | 1S9 | W4k 1003
40214
T e R i R z S @:_. o s N R B T P
TABLE 4213 5 i
N LI ‘ 402.1.3 U-Factor Alternative
CRAWL
FRAME DBASEMENT SPACE
CLMATE FEMESTRANON | SKYLIGHT CEILNG WALL MASS WALL F00R WALL WALL
TN UACTOR | UACTOR | UFACTOR | LFICTOR | URACTOR' | UFACTOR | UFACTOR' | UFACTOR bi ; b
1 . =
! 120 ors | ems | oo | oW | oo | ww | w4m An assembly U-factor must be
1 08 0 | oms | o | wis | oo | 00 | o g calculated for each applicable
3 050 065 0039 | 0082 | DMl 007 | omr | o1x assembly type proposed for the
. .
4 except Marine 035 060 0.030 0082 0.141 07 0059 0065 + project
§ and Marine 4 035 0.60 0030 0057 D082 0033 0059 0065
§ 0 osd | ome | oosr | oow | 0B | oo | oo
Tmid 035 0§ | oms | o0sT | 005 | ooB | oo | ooes k
. : o e
b iamnonis cndentai bl e il i Zone |, 0.4 Zane L.0.12inZone3, 0.0 Zoued
except Marine, and th 0 i Zone 4 and 5thmagh 8.
<. Bsenent wal U-acorof 360 i warm-humidoction s deed by Figure 30 e Tl 012
d Foundation ¢ in'lable 42,1 Jinclude:
i i Secicn 4004 foni

L~ gy e 1 e v e 2

‘be modified 1 include soil conducivity and exierior air flms.

24

Figure 61: IECC Intermediate Overview part 4
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Calculating Assembly U-Factors

* An area-weighted average U-factor is calculated
for the wall system that takes into account the
effects of framing

— An R-value must be determined for each different
material in the assembly

— The R-valuesare then totaled to determine the total
R-value through each thermal path of the assembly

— The total R-values are then converted to U-factors by
taking the reciprocal of the R-value

402.1.4 Total UA Alternative

* The building envelopa design is parmitted to
deviate from R-values or U-factors in Tables
402.1.1 or402.1.3, respectively, provided the
total thermal transmittance (UA) is the same or
less as the very same building envelope
geometry designed to code

+ The calculation shall be done using a method
consistent with the ASHRAE Handbook of
Fundamentals and shall include the thermal
bridging effects of framing materials

- A5 T

+ SHGC requirements shall be met

G b | g, o e el v el

402.2.3 Access Hatches and Doors

* Access doors from conditioned to
unconditioned spaces shall be: = i
— Weather-stripped \

|
— Insulated to the equivalent R-value |
adle i
on the surrounding surfaces ==

- I

-A wood framed baffle or
retainer is required to be
provided when loose fill
insulationis installed

Figure 62: IECC Intermediate Overview part 5
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Sample Calculation - Walls

U = (UWJ'XAWJ') + (UWZXAWZ) T

oy

B B

Where

* U, = U-factor of opaque wall number 1

- R T

= A, =Area of opaque wall number 1

e U, = U-factor of opaque wall number 2

* A, = Area of opaque wall number 2

402.2.1 Ceilings with Attic Spaces

402.2.4 Mass Walls

= For residential purposes above-grade walls are:
— Concrete block
— Concrete
— Insulated concrete form (ICF)
— Masonry cavity
— Brick (other than brick veneer)
— Earth
+ Adobe

* Compressed earth block
* Ramrned earth

— Solid timber/logs
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402.2.5 Steel Framing

l * Steel framing
ceilings, walls and
- floors shall meet the
E insulation
t requirements of
"N Table 4022.5 or the
il U-factor
) reguirements in
| Table 402.1.3

£ i by S G v i 3

402.2.7 Basement Walls

l = Defined as walls greater than or
equal to 50 percent below grade
= * Insulate from the top of the
i basement wall down 10 feet helow
; grade or to the basement floor,
‘: whichever is less

402.2.8 Slab-on-grade Floors

e B

i
R 1 inliilon

a0, TR

£ I it iy S e o i @

y |+ Exposed earth floors must be covered |

£ I ey S o » v i £

2010 TERP Report, Vol. I1, pg. 84

402.2.6 Floors

* Floor insulation shall be installed to
maintain permanent contact with the
underside of the subfloor decking

ktion are gugs
vt the bt snd o e ttin
the cariy

£ b S ke i e =2

402.2.7 Basement Walls

Basement or Exterior Wall - ?

Basement Wall -

>50% below grade S
‘\\ 2
I e e o e g
/
//\\\\ 7 /
S J’ ;
(- U AT N L, (PSSR \/\\\///\\\‘
a
§ Exterior Wall -

<50% below grade

O it e B i o

402.2.9 Crawl Space Walls

* Criteria:

+ Must be insulated to the R-value
specified in the energy code

+ May not have ventilation openings that
communicate directly with outside air

* Must be mechanically ventilated or
supplied with conditioned air ¥

with an approved vapor retarder
material, which extends up the stem
wall and is sealed and taped to the wall

£ o e B« i e sl

Figure 63: IECC Intermediate Overview part 6
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Thermally Isolated Sunrooms

* Requirements:

— Separate zones for heating and cooling or conditionad by
separate equipment

— Must maintain thermal isolation
¢+ Thermal Isolation —Physical and space conditioning separation
from conditioned spaces

— Minimum wall R-value shall be R-12 (Section 402.2.11})

= Minimum ceiling R-value shall be R-19 in zones 1-4and R-
24 in zones 5-8 (Section 402.2.11)

— The glass used must have a maximum U-factor of 0.50
inches and skylights U-factor of 0.751n dimate zones 4-8
(Section 402.3.5)

e %

£ I ik el gy o n Sacke - i

402.3 Fenestration

* 402.3.1 U-factor

— Area weighted average of fenestration
products may be used to satisfy the U-factor
requirements

— Area weighted average of fenestration
products with more than 50 percent glazing
may be used to satisfy the SHGC
requirements

S

Solar Heat Gain Coefficient

The SHGC measures how well a
window or translucent product
blocks heat caused by sunlight.
SHGC is expressed as a humber
between 0 and 1. The lower the
number, the lower the amount of
heat that passes into the building
through the glazing.

- I

2010 TERP Report, Vol. Il, pg. 85

Thermally Isolated Sunroom

‘Separate space conditioning system | Ceiling R-value R-19in
Zone 1-4and R-24in

N /,Z‘?[‘e,@,?' 8

FARY _ Glazing U-factor
I 7/ 05 and Skylight U-
factor 0.75 in
Zones 4 -8

-~ 48 " T

. Wall R-value R-13

.

Thermal rsolaﬁun meet Table 402.1.1 requirements !

407 ot ey S Gk - v =

Fenestration Exemptions

* Up to 15 ft? of glazed fenestration
per dwelling unit can be
exempted from U-factor and
SHGC requirements

One side-hinged opaque doocr
assembly upto 24 square feet
shall be exempt from U-factor and
SHGC requirements

T T |

1o i Py S ke - e a

iy

402.4 Air Leakage

. * 402.4.1 — Building thermal envelope

— Durably sealed to limit infiltration
* 402.4.2 — Air Sealing and Insulation

b — Building envelope air tightness and insulation
t shall be demonstrated in one of two ways
11 + 402.4.2.1 Testing option

I * 402.4.2.2 Visual inspection option

— Follows Table 402.4.2 and where required by the code
official, an approved party independent from the
installer of the insulation shall inspect the air barrier
and insulation

Figure 64: IECC Intermediate Overview part 7
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Testing Option ‘ Blower Door Test

Blower Door Depressurization Test

+  Acceptable when tested air leakage is less than
seven air changes per hour (ACH) at a pressure of
33.5 psf (50 Pa)

*  There are seven requirements

— 1. Exterior windows and doors, fireplaces and stove

>
& doors closed, but not sealed
— 2. Dampers shall be closed but not sealed
o, | — 3. Interior doors open
o

— 4, Exterior openings for continuous ventilation systams
and heat racovery ventilators clased and sedled

— 5. Heating and cooling systems turned off
= 6. HYAC shall not be sealed
— 7. Supply and return registered shall not be sealed

402.4.3 Fireplaces ‘ | 402.4.5 Recessed Lighting
New wood-burning fireplaces shall l i
have gasketed doors and autdoor \ﬁ
. combustion air T i~ l
Air Leakage
“ - Through Recessed
t t j\ Can Lights
i) 2]
£

i

402.5 Maximum U-factor and SHGC ‘ 403 Systems
' * Area-weighted average U-factor using l W/
o~ I—E_E_:
| trade-offs from 402.1.4 or 4.5 shall be Building Syst o S ]
. —Zones 4 and 5 is 0.48 > Hesting — Eﬁgﬂﬁﬁg‘g?j’”
“ - 6-8is040 “ d Cocling —
(:mes ® g;ﬁcimc;ng T
* Skylights ¥l RRNAE ] i
W  -Zones4-8is0.75 ™ : T,
L'+ SHGC from Section 405 - = B

—Zones1-3 is0.50

273 i i sl ey S 4 G s i T |

Figure 65: IECC Intermediate Overview part 8
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403.1 Controls '  403.2 Ducts

+ 403.2.1 —Insulation

— Supply ducts in attics |
shall be R-8 min
— All other ducts shall
be R-6 min
— Exception
* Ducts located

completely inside the
building thermal

. * 403.1.1 — Programmable thermastat
* 403.1.2 — Heat pump supplementary heat

P~
K ===

coo
SEV SRR

envelope
O e a7 e gy € i S e i i a9 20 ik el E Aoy G n dnd - dnics med ke f=ud
403.2 Ducts ‘ 403.4 Circulating Hot Water
' * 403.2.2 - Sealing l * Insulation
. . — All hot water piping shall be R-2 min
— All ducts, air handlers, filter boxes and . |
== building cavities used as ducts shall be ] Controls ]
sealed in accordance with Section — Automatic controls OR

M1601.4.1 IRC — Readily accessible manual switch

— Duct tightness shall be verified by testing
+ Post-construction or rough-in

« The test isnotrequired where the air handler
and entire duct system are located within
conditioned space.

i AN

L
£

200 i gy £ i ok« i i & o Itk nevgy Camaeaiien ks - Imes v a2

Sizing and Multiple Dwelling Units 403.8 Snow Melt System Controls
. * 403.6 Equipment Sizing l * Snow and ice-melting
— Heating and cooling equipment shall be sized equipment controls

= in accordance with IRC Section M1401.3 = — Automatic controls

~« 403.7 Systems serving Multiple Dwelling j  @pableobshuttingdown

i the system when

E UnItS t *The pavernent temperature
™ — All systems serving multiple dwelling units ™ s annves0iFanany

{ # [ precipitation is falling AND

shall comply with Sections 503 and 504 in A eutamatic. o manua

lieu of Section 403 ’ control that will allow shutoff sttt e el
¢ when the outdoor

temperature is ahove 40°F

20 i el e ik ke« i i 52 £ (vl nay Eamaenaiion ke« s e =

Figure 66: IECC Intermediate Overview part 9
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Section 403.9 Pools ‘ ( 403.9.1 Pool Heaters

Energy conservation requirements are required
for pools, including time switches to turn pumps
P and heaters off and vapor retardant covers.

+ All pool heaters shall be

equipped with a readily

accessible on-off switch

— without adjusting the
thermostat setting.

Pool heaters fired by

natural gas shall not have

continuously burning pilot

lights

£ el rea S Cade - e =

s el e G e e = ‘

403.9.2 Time Switches ‘
Pool Cover

* Time switches to automatically turn off
and on heaters and pumps according to a
preset schedule shall be installed on
swimming pool heaters and pumps.

* Vapor retardant on or at the water surface

— Required on all heated pools

— Heated to 90°F or more

* Require @ minimum R-12

Exceptions — Exception

Y S |

I’

— Where public health standards require 24 * 60% energy for heating
hour operation i from site-recovered or
solar energy source

" S |

— Where the pumps are required to operate
solar-waste-heat recovery heating systems

D il G ke i = g\: @,’___ 07 I nsi iy S G et e - E |
" 404.1 Lighting Equipment [ Break

A minimum of fifty
percent of the lamps in
permanently installed
lighting fixtures shall be
high-efficacy lamps.

'
g

00 i gy s e« v s 4 e T ol

Figure 67: IECC Intermediate Overview part 10
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Chapter 5

Commercial Energy Efficiency

Standard 90.1-2007 Structure

-
:
:

Saction 5§ - Building Envalcpa

Section b - Heating, Ventilating, and Air Conditioning
Saction T - Sarvice Water Haating

Section 8- Power

Section & - Lighting

Appendix A Assembly U-factor, C-facter, and F-facter
determination

Appandix B Building Envelope Climate Criteria
Appendix C Building Envelope Trade-off Option
Appandix D Climate Data

Appendix E Infermative References

Appendix F Addenda Description Information
Appendix G Performance Rating Mathod

502.2 Specific Insulation Requirements

-
«
J

* Based on:
= Climate zone
— Window wall ratio and

— Construction assembly

* All components must meet or
exceed building envelope
requirements

Figure 68: IECC Intermediate Overview part 11

o 20 T

=
&

2010 TERP Report, Vol. Il, pg. 89

501.1 - Scope

* Standard 90.1
— Commercial buildings

shall meet either the
requirements of
ASHRAE/IESNA
Standard 90.1 or the
requirements
contained in this
chapter.

502 —Building Envelope Requirements

The building envelope requirements
focus on two types of provisions:

= Air leakage

= Building envelope insulation and
glazing requirements

502 —Building Envelope Requirements

Table 502.2(1) — Building envelope
requirements — Opaque assemblies

* Determine the climate zone

= Each assembly will have maximum
U-factor and SHGC requirements
and minimum R-value requirements

*  R-value requirements apply to the
insulation only

December 2011

Energy Systems Laboratory, Texas A&M University System



502 — Building Envelope Requirements
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Metal Buildings - Roofs

l When using R-value compliance method,
a R-5 thermal block is required otherwise
LS use the U-factor compliance methed

Thermal Block
Metal Roof Deck

&
_;m_‘_ o

59

502 — Building Envelope Requirements

l 502.2.7 — Opaque doors

All are required to meet the U-factor
o requirement for doors as specified in Table
502.2(1).

Includes overhead coiling and metal roll-up
doors used for conditioned loading docks.

Figure 69: IECC Intermediate Overview part 12
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502 — Building Envelope Requirements
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“Sag and Bag” Insulation Technique

Tahle 502.2{1) - Roofs for metal buildings,

insulation is expressed as R13 + R13

— Detailed description isfound in Table 502.2{2)

First R-value is faced fiberglassinsulation

batts draped over purlins

¢+ Second R-value isunfaced fiberglass
insulation batts installed parallel to the
purlins

¢ A minimum R-3.5 thermal spacer block i

placed above the purlin/batt and roof

deckis secured to the purlins

)

Table 502.3 - Fenestration

l * The gross wall area includes:
— Above-grade walls
> — Band and rim joists and spandrel area
between floors
— Area of all doors and windows
+ Including those in below-grade walls

72
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TABLE 502 3
BUILDING ENVELOPE REOUIREMENTS: FENESTRATION

wwer | s | s | s blowpaiboed ¢ | v | Skylights
Vrtical fenstration (6% mavimum of sboe-grade walls
L lboi
Iumllgluuld-uhluh.wnul-m‘ul\qul‘mulrml-v‘wvlnlwnlwlllg | | . A Sk\/'lght U-factor iS based on the
1 dsctor | 1= | o 0as (340 | 1S nis nis [ KL} . y a
Mt g =l o st bk interior surface area of the entire
Cortuin walltoceront U-ase] 10 | 0% | om0 030 048 048 [ 040 . p . .
Entrancy dox Dbt B 110 0,00 s | 0w 3 [T 08 Skvllght assembly, Inc““ldlng glaZIng'
Al Ut Lw [ or [ ooss [ oss | ose [ o [ oss [ oa kg sash, curbing and other framing
SHGC.all frarme fypes ) )
SHOC: PF <025 | o | oa | on o ) ow | o5 | oas % elements.
SHOC- 025 < PF <08 “ A1) | o i NR | NR AR NR NR
SHOC. PF 205 | om0 | om 0,30 NR NR MR MR MR
ET—— )
Uacir [om | am | oes L 060 040 l 060 J 0 [ )
SHOC [ o | o | oms | o o | 0w | W | W

NRw No ppuisevmcas 20 i ey, s st o ke 7

P = Pregocuon facwr {see Section %238
& Al oder snche H: wandoms, Bned wadons d doaen

502.4 Air Leakage

. * 502.4.1 — Window and door assemblies
— AAMA/WDMA/CSA 101/1.5.2/A440 or NFRC 400
* 502.4.2 — Curtain wall, storefront glazing,
and commercial entrance doors
—asTME283 [ "

Component Modeling Approach

» TheNFRC's new G Modeling h (CmA] Product Cesti i
Program enables whol e product energy performance ratingsfor commercial non-
residential) projects. The concept behind component medeling is performance

datafrom thethree primary compenent sthat make up afenestration product are
used for obtaining an overall procuct performancerating.
Three primary components used are:

— Glazing: : Glazing optical s pactral and thermal data fram the International Glazing Database

[Lebl]

~  Frame; Thermal perfarmance data of frame cross-sedions

—  Spacer: Keff of spacer mmponent genmetry and materials
The Component hiodelinz Approach Software Tool {CIAST) establishes a set of
performancelibrari esof approved components (fram es, @l ass, and spacer] which
can be accessed for cenfiguring fenestration product s for a project, and obtaining
3 U-factor, Solar Hest Gain Coefficient (SHGC), and Visikble Tran smittance (VT)
o rating for those products, which can then be reflectedin a CMA Label Certificate
for code compliance.

- T

Figure 70: IECC Intermediate Overview part 13

Store Front Glazing and Curtain Walls

. * If compliance approach uses other than default
U-factor and/or SHGC values for glazing the
- designer must provide Label Certificate
. * NFRC provide 3 options:
— Pre-certified assemblies from many manufacturers
— Site builtapproach, and
— Since January 1, 2010 implemented Component
Modeling Approach (CMA)

+ Label Certificates are site specific

502.4.3. Sealing the Envelope

. + Openings and penetrations in the
envelope shall be sealed with caulking or
closed with gasketing
« Joints and seams shall be sealed, taped
or covered with a moisture vapor-
permeable material

ﬂ * Sealing shall allow for expansion and
contraction

o i i gy st e el 7
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‘_ 502.4.4 Hot Gas Bypass Limitation ‘

* Cooling systems shall not use hot gas
bypass or other evaporator pressure
control unless the system is designed with
multiple steps of unloading or continuous
capacity modulation

P

Hot gas bypass shall be limited according
to Table 502.4.4

L vy G ke - e v 7a

"' 502.4.7 Vestibules b

5 SELF-CLOSING
vesnsu‘li, DOORS

v

“

&

|
I
|

For SI: 1 square foot = 0.0929 m".

SPACE > 2,999 FT* 500 FT*

Look for
Rating
sticker

Seal Edges of
Penetration

into Attic
Space

Figure 71: IECC Intermediate Overview part 14
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’ 502.4.6 Loading Dock Weatherseals \

—Equip cargo doors and loading dock
doors with weatherseals

—Restrict infiltration

’ Moisture Control

I * General requirements for control of
1 moisture vapor entering the

= huilding have been relocated to the
. construction requirements of the
: IBC and the IRC

* See IBC Section 1405.3 and IRC
it

| Section R601.3

iL
(o
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503 Building Mechanical Systems

+ Seven key elements to ensure HVAC
system design is efficient:
— Equipment efficiency
— Proper equipment sizing and selection
— Distribution losses

) — Transmission losses
&

— Heat recovery
o

F‘
N — Controls
— Free-cooling

Ll ey

503.2.2 Equipment and System Sizing

“Shall not exceed the loads calculated.”

Equipment selected to meet space cooling loads
must select capacity for heating based on
smallest size within available equipment options
| Standby equipment to have controls and devices
‘ to operate automatically when primary

: equipment is not operating

Multiple units with combined capacities that
exceed design load shall have controls to
sequence operation

503.2.4.1 Thermostatic Controls

Perimeter Heating (typ.) Cooling-only VAV serves entire floor
\\A 90 ft

i T il
=l o
Fancoil# 4
El 80 ft Fan coil # 1 il
‘ Fan coil # 3 10 ft (typ.)
\.ﬂ.. Fanchil#2
I 20 ft (typ.)
60 ft

B T =l

Figure 72: IECC Intermediate Overview part 15
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503.2.1 Calculation of Loads

* Designers must perform heating and
cooling load calculations before sizing and
selecting HVAC

HVAC systems must be sized based on the
heating and cooling loads calculated in
Section 503.2.1

When the cooling load is predominant

the system must be sized to not exceed
that load

R A T

20 el Sy e v e E

Equipment Efficiency

L L)

. + Table e | o | Wwiconn | wwimcr | s
503.2.3(1) | bt | st

Unitary Air

| Conditioners &

Condensing Units

+ Minimum 2 sk

T

. Efficiency

Requirements

o A9

£ skl S a1 e o =

503.2.4.3 Off-hour Controls

* Each zone shall have thermostatic setback
controls
— Automatic time clock OR
— Programmable control system

— Zones with a full HYAC load demand not
exceeding 6,800 Btu/h (2 kw) that has a
readily accessible manual shutoff switch

| o
q * Exceptions
ﬁ, — Zones that operate continuously

£ Lcens el iy Ecmersa i e v e @
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Controls Demand Control Ventilation
. * 503.2.4.4 — Shutoff damper controls * 503.2.5.1 - Demand control
. . . ventilation
— Motorized dampers required on outdoor air o s
v | deEkHa st dicks = — Aventilation system capability
| — Supply an s that provides for the automatic
a — Exceptions S sy reduction of outdoor air intake

tmnemer A ,;,": i below design rates when the

* 503.2.4.5 —Snow melt system controls =="4 5 dttial Gecupancy 6 spaces
=R e

— Automatic controls that meet both |E
= * Shut of when the pavement temperature is above &
| | 50°F and no precipitation is falling and ﬂ
= An automatic or manual control that will allow
shutoff when the outdoor temperature is above 40°F

20 vt vy e e s i =l 20 vl Eoe e s e @

Energy Recovery Ventilation System

503.2.6 — Energy Recovery Ventilation
- System

" Systems that employ air-to-air heat

* exchangers to recover energy from exhaust
air for the purpose of preheating, pre-cooling,
humidifying or dehumidifying outdoor
ventilation air prior to supplying the air to a
space either directly or as part of an HVAC

system HaR S
TO HOUSE

=
POWER CORD

200 it gy, Come e e e i =) 40T Ity o e s e =28

503.2.7 Duct and Plenum Insulation and |  503.2.8 Piping Insulation
Sealing

Piping serving as part of heating or coaling
systems must be insulated according to

A
= Table 503.2.8.
& TABLE 503.2.8
MINIMUM PIPE INSULATION
(thickness in inches)
NOMINAL PIPE DIAMETER
[ " FLUID <15 15
| Steam 1% 3
Hot water 1Y, 2
Chilled water, brine or refrigerant 14, 1,

Figure 73: IECC Intermediate Overview part 16
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503.2.9 HVAC Completion

l * 503.2.9.1 — Air system balancing

— In accordance with the IMC

* 503.2.9.2 —Hydronic system

. balancing
t — Individual hydronic heating and
[

cooling coils to be equipped with ‘I
means for balancing and pressure
test connectors

* 503.2.9.3 - Manuals

O e gy G e e i @

Simple Systems

. System 1 System 2 System 3

Zone 1 Zone 2

tzx N A T T
i ® Zone3®

0O i gy o4 e i i @

Economizer

Mt 5

Logi oontroler

Duiticor
temperatre
e

Heating col
Conlig ol

Supply i

7

.
;

0 et s gy Cme i e - e 01

Figure 74: IECC Intermediate Overview part 17
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503.3 Simple HVAC Systems

. Simple systems are served by unitary or
packaged HVAC equipment, each

- serving one zone and controlled by a

[ . single thermostat in the zone served. It

‘ also applies to two-pipe heating system,

{y where no cooling system is installed.

T s by, G e et -«

503.3.1 Economizers

TABLE 503.3.1(1)
ECONOMIZER REQUIREMENTS

CLIMATE ZONES ECONOMIZER REQUIREMENT

1A,1B,2A,7,8 No requirement

2B,3A, 3B, 3C,4A, 4B, | Economizers on all cooling systems
| 4C,5A,5B,5C, 6A, 6B > 54,000 Bu/h?

For SI: 1 British thermal unit per hour = 0293 W.

a. The total capacity of all systems without economizers shall not exceed
480,000 Btu/h per building, or 20 percent of its air economizer capacity,
whichever is greater.

TR s e e ran S v 4

503.4. Complex Systems

* Anything not covered in Section 503.3

* Includes:
' — Systems serving multiple zones
1 = Hydronic steam heating and water chilling
packages
‘ — Variable air volume (VAY) systems
T — — Two-pipe changeover
— Four-pipe systems
— Hydronic (water loop) heat pump systems

SOOI 0t g, o v e« e e e
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‘ Complex System ‘ 503.4.1 Economizers — Air to Air
System 1 e
------- m— |
! ¥ 5 » o »
I~ I 00 = sF A
i ! t L : N MINIMUM SUPPLY J
& T 1 T QUTSIDE AR L OF OUTSIDEAIR I
I L | 100% »
) EXHAUST 4
[ WL:L\'T T eaF 3w
| . =
| ‘_ ® é) i “ ECONOMIZER OPERATION HORMAL OPERATION
[} Zored | OUTSIDE AIR DAWPERS ARE QUTSIDE AIR DAMPERS ARE
FULLY OPEN. MAXIMUM OUTSIDE POSITIONED TO PROVIDE THE HINIMUM
AIR 1S PROVIDED. QUTSIOEAIR

45 vt g St m e - s e 1w T 104

Variable Air Volume ‘ [ Additional Mechanical Sections

ESkAUST QUTDCCF
R “ir AIK L W I

* Requirements for Complex Systems are
covered inthe Advanced Training
— Hydronic Systems

— Multiple zones

— Additional controls

HE- &

- _ S |

L it g, i k- e 23

‘ 504 Service Water Heating ‘ 504 Service Water Heating

* Circulating systems
— 1” of insulation on piping

— R-3.5/inch minimum

. Noncirculéting systems

— without integral heat traps
= 1/2” for first 8 feet
* R-3.5/inch minimum

(%}

T I

Figure 75: IECC Intermediate Overview part 18
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504.6 Hot Water Controls

. * Automatic circulating '“l
hot water systems and T
heat trace

I — Turned off | 9

‘ automatically or [

} manually when the
= system is not in
operation

504.7.3 Pool Covers

. * Pool Covers

— Required on heated pools

e
— 90° requires R-12 minimum e
| — Vapor retardant, on or at the pool
‘ surface
: —E ;
5 xception

* 60% of the energy for heating is from
site-recovered or site-solar energy

505 — Electrical Power and Lighting
Systems

' * 505.1 — General

—The lighting requirements apply to the
design of:

* New lighting systems in conditioned or
unconditioned spaces

* Altered components/systems aspartof alteration
* Additional requirements for contraols,
tandem wiring and power requirements
are covered in the Advanced Training

= o SRy N

£ v el ey Camea i ks - s e 113

Figure 76: IECC Intermediate Overview part 19
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504.7 Pools

l * Pool Heaters
— Readily accessible On/Off switch on heater
— Natural gas heaters shall not have
continuously burning pilot lights
[ _ ¢ Time switches
= All = Heated and Unheated
— Exception
i « Where 24 hour operation isrequired for public
health standards
= Where pumps are required to operate solar and
waste-heat recovery pool heating systems

4 (v b G e e e 110

505 Electrical Power and Lighting
Systems

. * The lighting requirements focus on
these elemeants:

— Controls

— Light reduction methods

— Tandem wiring

— Interior and exterior lighting power

= SRy

LT v il Cam e e - s e e 11z

Total Building Performance

. * Section 506 Total Building Performance
will be covered in the Advance Training

£ 134y B i Eak - e 114
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Questions and Answers

e 5 . T

Figure 77: IECC Intermediate Overview part 20

18
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Special Thanks

The Texas Workforce Commission supports  the high-demand
renewable energy industry through & grant awarded to the Energy
Systems Laboratory of the Texas Engineering Experiment Station at
Texas A&M University Sstem for the development of curricula in
energy effidency.

The grant also provides energy efficiency and renewable energy
training on the 2009 International Energy Conservation Code and
related technical skills as applied to the residential, commercial and
industrial sectors for approzimately 450 participants.

Funding for this project is from the Workforce Investment Act (WIA)
and the American Recovery and Reinvestment Act of 2009 [ARRA).
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2009 |IECC Provisions
Advanced

Based on the 2009 International

Energy Conservation Code

Agenda

1) Overview

2) Review of Chapters 1,2, & 3

' 3) Residential Simulated
i Performance Approach
Break
4) Commercial, Complex

Mechanical and Lighting
5) Q & A and Special Thanks

Objectives

. e A9, VIR

ey

i

9

Figure 78: IECC Advanced Overview, part 1

Upon completion of this seminar,
participants will be able to:

* Understand the Simulated Performance Path
for Residential Construction in the 2008 IECC

* Understand the regulations for Complex
Maeachanical Systems in Commercial Buildings

® Und d the regulations for Electrical
Power and Lighting Systems in Commercial
Buildings

® Understand the Total Building Performance
methed for Cemmercial Construction in the
2009 IECC

i

o

2010 TERP Report, Vol. Il, pg. 99

Special Thanks

Seminar Goal

The goal of this seminar is for
participants to understand the more
advanced concepts and regulations in
the 2009 IECC to increase the efficient
use of energy in the construction of
new buildings and alterations to
existing buildings.

Qrganization

Chapter 1— Administration
Chapter 2— Definitions

_ Chapter 3— Design Conditions

Chapter 4 — Residential Energy Efficiency
Chapter 5— Commercial Energy Efficiency

Chapter &- Referenced Standards

December 2011

Energy Systems Laboratory, Texas A&M University System
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The Following Are Regulated:

* Building Envelope

* Mechanical Systems

* Electrical Systems

+ Service Water Heating Systems

S

i

Chapter 1

Administration and Enforcement

101.3 Intent

* The IECC provides prescriptive and
performance-related provisions for
both commercial and residential
buildings to provide for efficient use of
energy

* Provide flexibility to permit the use of

innovative approaches and techniques

Of . = _ S|

iif

Figure 79: IECC Advanced Overview, part 2

2010 TERP Report, Vol. 11, pg. 100

Code Compliance Process

[y

Determine if the project must comply with the
IECC

Determine if the project is residential or
commercial

Compliance documentation

Plan reviewer ensures the documentation is
clearly identified

5. Inspector confirms that energy-using features
of the building are installed per the approved
plans and documentation

o2 o

@
I

101.2 Scope

! The code applies to:
- * Residential Buildings

# One- and two-family dwellings,

-~ townhemes (not-IRC buildings)
t ¥ Multifamily dwellings three

stories or less in height

* Commercial Buildings
# Multifamily dweilings four
stories or greater in height

101.3 = Intent

Life safety, health and

environmental requirements take
precedence over energy provisions

) [ 9 VI

o
b
i
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101.4 Applicability

Chapter 2

« The provisions apply to several different
project types:

* Newly conditioned space

" * New construction in existing buildings
= Additions, alterations and repairs to

| existing buildings

*  Mixed use buildings Definitions
* Change in occupancy

Chapter 3

Design Conditions

Chapter 4 — Residential Energy Efficiency

Chapter 4

* 401.2 - Compliance
— Must comply with prescriptive
¢ provisions, either:
’ + 402.1 thru 402 3 (Insulation & Fenestration),
i * 403.2.1 (Duct Insulation) , and
I + 404 {Lighting)

Residential Energy Efficiency u =0
= 405 - Performance

= AND........

4

©0=

1

(G

Figure 80: IECC Advanced Overview, part 3
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Chapter 4 — Residential Energy Efficiency

. * 8 Mandatory Provisions:

= 401 - Compliance statement

'{’; — 402.4 - Air leakage Requirements
- — 402.5— Max fenestration U-factor & SHGC (Area
weighted averages)
J — 403.1 - Mechanical Systems Controls
~ 403.2.2 ~HVAC Duct Sealing

= 402.2.3 - Building Cavities not used as supply ducts
— 403.3 thru 403.9 - Piping insulation, ventilation,
complex systems, snow melt, and swimming pools

2010 TERP Report, Vol. I1, pg. 102

402.4 Air Leakage

— Durably sealed to limit infiltration
© * 402.4.2 - Air Sealing and Insulation
t: = Building envelope air tightness and insulation

' * 402.4.1 - Building thermal envelope

shall be demonstrated in one of two ways
* 402.4.2.1 Testing option
* 402.4.2.2 Visual inspection option

— Fellows Table 402.4.2 and where required by the code
official, an approved party independent from the
installer of the insulation shall inspect the air barrier and
insulation

2

(S
I

©=

i

Residential Compliance Process

N — Simulated

Il-l:ﬂor and Performance
{moftware)

U-tactor

0213 Smulated
Performance

Total Building UA Altermative

402,14 405

Blower Door Test
Section 402.4.2.1

ge from House Pressure and Alrflow Rate

Testing Option

Acceptable when tested air leakage is less than
seven air changes per hour (ACH) at a pressure of
. 33.5 psf (50 Pa)
:ﬂ" There are seven requirements
.~ 1. exterior windows and doors, fireplaces and stove doors
closed, but not sealed
— 2, Dampers shall be closed but not sealed
- — 3. Interior doors open
7 = 4. Exterior openings for continuous ventilation systems
and heat recovery ventilators closed and sealed
— 5. Heating and cooling systems turned off
—  b.HVAC shall not be sealed
= 7.5upply and return registered shall not be sealed

404.1 Lighting Equipment

. A minimum of fifty
percent of the lamps in

i permanently installed

. lighting fixtures shall
‘ be high-efficacy lamps.

Figure 81: IECC Advanced Overview, part 4
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405 Simulated Performance Alternative

An energy estimation -
tool is used to oy
compare

the energy use of the
proposed design :
with that of the

standard design

building, may meet

¢ Gaoad the B < PR ]
minimum code el ol
requirements. b e

0=

405.4 Documentation

405.4.1 - Compliance Software Tools

verifies that methods & accuracy conforms
405.4.2 - Compliance Report

-, documents compliance and includes:
i address, inspection checklist, name of person

completing report, and name & version of
software
405.4.3 - Additional Documentation
Building compenent characteristics, certification
signed by builder, and actual values used in calcs

G v e s prgemd |

i = prapeend
| b e o Tl AT, oot e Ao pered
| st e wal ~ gl
Type: wed e -
Kb o froe i e 0 sl o |
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i o Tabi 41211 |hapropsad N
| Type: comporkicn shitghe ce v sheing | s propuned I
i (G e e ped s propesad
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£ Iroumes0m - o |nw |
Ana Tige: reved wih s = L1 er 00 & alling . A pripied
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Figure 82 : IECC Advanced Overview, part 5
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405.1 Scope and
405.2 Mandatory Requirements

Scope - analysis include only
Heating,
=

Cooling, and
. Service water heating
i Mandatory requirements
‘ All 8 provisions of 401.2, and

All ducts not inside building envelope
insulated to minimum R-6

Table 405.5.2(1)

= Table 405.5.2(1) - Specifications for the
standard reference and proposed
designs
- Building component
- Standard reference design
- Proposed design
- Footnotes
— Table 405.5.2(2) Default Distribution
System Efficiencies for Proposed Designs
8= -

(- Tive: 3 a froponed foondabin wvallwes e el b rade | K gagened
et L L It
| A 408 o prgeed
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Examples of Performance Tools Break

15 minutes

Home Energy Rating Scores (HERS) —
RESNET

2=
i DOE 2 - Department of Energy

Energy Gauge

International Code Compliance Calculater

501.1 - Scope

h r
Chapter 5 l Standards applicable 1o all

commercial buildings

shall meet either

— ASHRAEAIESNA Standard
90.1, or

— the requirements
contained in this chapter

Commercial Energy Efficiency

501.2 - Application Standard 90.1-2007 Structure

- Section 5 - Building Envelope

+ Section 6 - Heating, Ventilating, and Air Conditioning
Section 7 - Service Water Heating

Section 8 - Power

Section 9 ~ Lighting

Appendix A Assembly U-factar, C-factar, and F-factor
determination

« Appendix B Bullding Envelope Climate Criteria
+ Appendix C Bullding Envelope Trade-off Option
- Appendix D Climate Data

+ Appendix E Informative References

" IECC — Commercial buildings must comply:
— 502 - Envelope,

i —503-Mechanical,
.. —504 - Water Heating, and
‘ —505 - Power and lighting
[
— 506 — Performance plus 11 mandatory items

o

Appendix F Addenda Description Information
Appendix G Performance Rating Methed

= @

o)

@
o

Figure 83: IECC Advanced Overview, part 6
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503.2 Mandatory Provisions

503.2.1 = Calculation of loads

503.2.2 — Equipment & system sizing
503.2.3 — Equij performance requi
503.2.4 - System controls

5U%.2.5 — Ventilation

503.2.6 — Energy recovery ventilation systems
503.2.7 - Duct & plenum insulation sealing
503.2.8 - Piping insulation

503.2.9 - System completion

503.2.10 - Fan system design & control
503.2.11 - Heating outside a building

Figure 84: IECC Advanced Overview, part 7
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503 Building Mechanical Systems

+ Heating, Cooling and Ventilation
Equipment shall comply with either:
— 503.3 — Simple Systems, or

=
b — 503.4 — Complex Systems.
‘ There are 11 mandatory requirements

applicable to both simple and complex
systems

503.2.1 Calculation of Heating and
Cooling Loads

' * Design loads must be calculated
+ Loads shall be adjusted for energy recovery
 systems
. * Standard is ASHRAE/ACCA Standard 183
‘ « Alternate designs shall be determined by
an approved equivalent
— Using design parameters from Chapter 3

B=
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503.2.2 Equipment and System Sizing

+ “Shall not exceed the loads calculated.”
* Single piece equipment with both heating &
cooling must satisfy this provision for one function
- other function as small as possible within
available equipment options
= Exceptions:

* Required standby equipment to have controls to
operate automatically when primary equipment is
not operating

* Multiple units with combined capacities that exceed
design load shall have controls to sequence
operation

80=

oS |

(O
7
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503.2.3 - Equipment performance
reguirements

Equipment efficiencies listed in 7 tables
Single phased air cooled A/C & heat pumps
2 <65k Btuh set by National Appliance Energy

~  Conservation Act of 1987 (NAECA)
All efficiencies verified by approved certification
programs
Mixing manufacturer’s components
(indoor/outdoor coils) to be verified with
caleulations and supporting data

|

503.2.4 HVAC System Controls

Each heating and cooling system shall be
' provided with:
. 1.Thermostatic Controls
& 2 set point overlap restriction
. 3.0ff-hour controls
‘ 4. Setback capabilities
5. Automatic setback and shutdown
capabilities
6. 5hut off damper controls
7.Snow melt system controls

503.2.4.2 Set point overlap restriction
503.2.4.3 Off-hour controls

. +T-stats controlling both hezat and cool must have 5
degree F minimum deadband
-

+Each zone must be controlled by automatic time clock or
programmable controls

T-stats must have setback capability to maintain min of
55 degree F or max 85 degree F

i +Must have automatic time clock or programmable

™

controls

«For 7 different daily schedules per week

~Retain programming for 10 hours when power lost
2 hour over ride capability

©0=

Figure 85: IECC Advanced Overview, part 8

503.2.4.1 Thermostatic Controls

+One stat each zone — must respond to temp in zone
+Humidification/dehumidification requires minimum one
humidistat

. -Heat pump supplementary heat

i &d—g‘\th‘:lqlml Bl srby VAV sarves sntire flser

\?_‘2_5?_‘?

Fuacan

|

et

10 fi (typ.)

" it
20ft(yp.)

8
=
H

Controls

* 503.2.4.4 = Shutoff damper controls
- Motorized dampers required on outdoor air
supply and exhaust ducts
- Exceptions
* 503.2.4.5 = Snow melt system controls
— Automatic controls that meet both
* Shut of when the pavement temperature is above
50°F and no precipitation is falling and
= An automatic or manual contral that will shutoff
when the outdoor temperature is above 40°F

December 2011
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503.2.5 Ventilation

Ventilation — natural or mechanical - must
. be provided per Chapter 4 IMC

Where mechanical ventilation is provided,
system must have capability to reduce OA
supply to minimum required by Chapter 4
IMC

;e AV

2010 TERP Report, Vol. I1, pg. 107

503.2.6 Energy recovery ventilation
systems

Individual fan systems with both:

Design supply air > 5,000 c¢fm, and

\ Min OA = 70% of design supply air, then

Energy recovery system required

Energy Recovery Ventilation System

Figure 86: IECC Advanced Overview, part 9

Demand Control Ventilation

* 503.2.5.1 - Demand
rontrol ventilation

— A ventilation system
capability that provides for

outdoor air intake below
|| design rates when the

|| actual occupancy of
spaces served by the
system Is less than design
occupancy

Energy Recovery Ventilation System

503.2.6 — Energy Recovery Ventilation
System

Systems that employ air-to-air heat exchangers
to recover energy from exhaust air for the
purpose of preheating, pre-cooling, humidifying
or dehumidifying outdoor ventilation air prior to
supplying the air to a space either diractly or as
part of an HVAC system

503.2.7 Duct and plenum insulation and
sealing

All supply and return ducts must be insulated
R-£ in unconditioned spaces
R-8 when outside the building

Air handlers and filter boxes joints and seams

‘ sealed to comply with IMC 603.9
2o

All duct system joints and seams must be sealed
with approved maslics, tapes

High pressure duct systems (= 3 inches w.g.)
must be leak tested

December 2011
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503.2.8 Piping Insulation

Piping serving as part of heating or
cooling systems must be insulated
according to Table 503.2.8.

TABLE 50328
MINIMUN FIPE INSUL ATION
{thickness ininches]
HOMINAL PIPE DUAMETER
FLUID 18 » 15
St 1y, 3

ot water "

L N

ChiBad water, brine of refrigerant 1, 1y

2e=

503.2.10 Air System Design Controls

« HVAC systems having a total fan system
motor name plate horsepower > 5 hsp shall
satisfy Option #1 or option #2
= Fan system motaor nameplate horsepower, or
— Fan system brake horsepower

« And
— For each fan, the selected fan motor may be

no larger than the first available bhp

ﬁ’n"
@
i

2010 TERP Report, Vol. Il, pg. 108

503.2.9 HVAC Completion

* 503.2.9.1 - Air system balancing
—In accordance with the IMC
* 503.2.9.2 - Hydronic system balancing

— Individual hydronic heating and cocling coils to
be equipped with means for balancing and
pressure test connectors

* 503.2.9.3 - Manuals

B .

B=

503.2 Mandatory Provisions = end...

503.2.1 - Caleulation of loads

* 503.2.2-Equipment & system sizing

= 503.2.3 - Equipment performance requirements
503.2.4 - System controls

* 503.2.5- Ventilation

503.2.6 - Energy recovery ventilation systems
503.2.7 = Duct & plenum insulation sealing

* 503.2.8- Piping insulation

503.2.9 - System completion

= 503.2.10 - Fan system design & control
503.2.11 - Heating outside a building

B0=

Figure 87: IECC Advanced Overview, part 10

503.2.11 Heating outside a building

. * Heating systems installed outside a
building shall only be radiant systems, and

* Controlled by occupancy sensor or timer so

g that...
% * No heat when no occupants present

Mandatory Provisions Review

What is the required deadband for a zone thermostat for
asystem with both heating and cooling?
— degreasF, d degreesF; or 5 degrees F

What is the minimum duct insulation value for ducts
outside of the building?

~ R-4,R-6orR8

T-stats must have capabilities for ___ day different
programmable functions and have program memory
capability for ___ hours.

Gravity dampers may be used to close off air supply and
exhaust ducts for a building with 4 stories. T or F

= e . VI
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503 Building Mechanical Systems

* Heating, Cooling and Ventilation
Equipment shall comply with either:
ﬁ; —503.3 - Simple Systems, or

a — 503.4 - Complex Systems.
‘ * There are 11 mandatory requirements
applicable to both simple and complex
systems

20=

Simple Systems

System 1 System 2 System 3

>
K

@ ®

Zona 1 Zone 2

2010 TERP Report, Vol. Il, pg. 109

503.3 Simple HVAC Systems

Simple systems are:

*Unitary or packaged HVAC equipment,
*Each serving one zone, and

*Each controlled by a single thermostat in the
zone served.

*Also applies to two-pipe heating system,
without a cooling system

20=

- Y N

Economizer

e Wotd
- T
Swh e

Figure 88: IECC Advanced Overview, part 11

503.3.1 Economizers

Economizers required for both simple and complex
systems; exception for improved efficiencies
TABLE 503.3.1{1)
ECONOMIZER REQUIREMENTS
CLIMATE ZONES | ECONOMIZER REGARREMENT
14,1B,24,7,8 | No requirement

IB,3A,3B, 3C,4A,4B, | Economizers on all cocling svsiems
40, 5A, 5B, 50, 64, 68 > 54,000 B/

For81: | Brirish themmal unit per hour = 0253 W,

1 The total capacity of all eysterne withon economirers shall pot exceed
40000 Bru/h per bailding. or 20 pescent of its air economizer capacity,
whichever is greaser.

=

OF . =V __ Y

503.4. Complex Systems

Anything not covered in Section 503.3
Includes:

— Systems serving multiple zones

H‘ = Hydronic steam heating and water chilling

W

packages
— Variable air volume (VAV) systems
— Two-pipe changeover
— Four-pipe systems
~ Hydronic (water loop) heat pump systems

20=
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Complex System

503.4.2 Variable Air Volume (VAV) Fan
Control

. * Individual VAV fan motors 210 Hp (7.5 kw)
" — Driven by mechanical or electrical variable speed
#-ﬁ drive,
& - or
4 ~ Have controls or devices resulting in a fan motor
demand <50% of the design wattage at 50% of design
airflow when static pressure set point = 1/3 of the

i total design static pressure
5L

503.4.3 Hydronic Systems Controls

* 503.4.3.1 - Three-pipe systems
— PROHIBITED
~ « 503.4.3.2 - Two-pipe changeover system
_ = Dead band between changeover of 15°F
outside air temperatures
— Allow operation in one mode for at least 4
hours hefore changing over to the other mode
— Allow heating and cooling supply
temperatures at the changeover to be no
more than 30°F apart

3

o

\.
L

Figure 89: IECC Advanced Overview, part 12
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503.4. Complex Systems

503.4.1- Economizers
503.4.2. - Variable air-velume (VAV) fan control
503.4.3 — Hydronic systems
— Hydronic (water loop) heat pump systems
+ w/ several subitems

* 503.4.4 — Heat rejection equipment fan speed
eontral

503.4.5 — Reguirements for complex mechanical
systems serving multiple zones
503.4.6 — Heat recovery for service water heating

v

. -

0=

N =

Variable Air Volume

FOH&UET CAT IR
SRR g b T
nK FEmg]
e ORMHES T 3
= 1L L
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503.4.3.3 — Hydronic (water loop) heat
pump systems — minimize heat loss

= Temperature dead band of 20 degrees between heat
rejection and heat addition
| * Heat rejection for climate zones 3& 4
-l — Closed-circuit cooling tower used directly — bypass
- valve or low leakage dampers required
— Open-circuit cooling tower used directly — automatic
valve required

— Open- or closed-circuit tower used w/ heat exchanger
—turn off circulation pump

* Heat rejection for climate zones 5- 8
— Open/elosed-cireuit tower, heat exchanger required —
shutdown pump & provide automatic valve

@
I
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503.4.3.3 - Hydronic (water loop) heat
pump systems — cont'd
» |f system total pump pawer > 10 hsp, each individual
heat pump unit required to have 2 position valve

* For systems exceeding 300,000 Btu/h output (heat or
cool), controls required:

= Automatically reset supply water temperature using

;ﬁ:
-
= Zane return water temperature, or
+ Outside air temperatire
R + Raseta min of 25% of design supply-to-return temparature
. difference; or
— Reduce system flow by 50% by eithar

+ Adjustable speed drives on pumps,

+ Multi=staged pumps, or

* Control valves to modulate or turn off

503.4.4 - Heat rejection equipment fan
speed control

Fan Motors >7% HP must have:

— Capability to operate fan at < 2/3 of full speed
or less, and

— Controls that automatically change the fan
speed to control the leaving fluid temperature
or condensing temperature/pressure of heat
rejection device

— Exception: Factory installed heat rejection

devices within HVAC equipment meeting
equipment efficiency requirements

503.4.5 = Requirements

* The primary air supply must be reduced by
one of the following means before
reheating, recooling, or mixing takes place:

— 30% of the maximum supply air flow to each
zone

=300 cfm (142 L/s) where maximum flow rate is
less than 10% of total fan system supply
airflow rate

— Minimum ventilation requirements of the
International Mechanical Code® (IMC®)

* Bexceptions

(e
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Pump Isolations for Hydronic Systems

503.4.3.5 - Pump isolation

= Chilled water plants with multiple chillers
must have the capability to reduce flow
automatically when a chiller shut down

— Boiler plants must have the capability to

reduce flow automatically when a boiler is
shut down

v

.
,

0=

503.4.5 - Requirements for complex mechanical
systems serving multiple zones

.
;
!

+ Supply air systems serving multiple zones
must be VAV systems. Controls are
required to reduce primary air to each
space before allowing:

— Reheating
— Recooling
~ Mixing

503.4.6 — Heat recovery for service
water heating

* Condenser heat recovery required for
heating or reheating service hot water
where
— Facility operates 24 hours a day, and
— Total installed heat capacity of water cooled
systems 6,000,000 Btu/hr of heat rejection,
and

= Design service water heating load exceed
1,000,000 Btu/h

Figure 90: IECC Advanced Overview, part 13
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504 Service Water Heating

504.4 — Heat traps

LB atvarea et Trog Do ice

504.6 Hot Water System Controls

* Automatic circulating ‘/‘ sy
hot water systems and | =l -~

heattrace 4 l'l"t;uf
~ Turned off automatically or "
manually when the system ' i
is not in operation L]
s .w.{..r 5 9 S
’ e R
o ™, regtan

504.7.3 Pool Covers

* Pool Covers Require for
Heated Pools
— Vapor retardant, on or at the

ol pool surface
‘ — > 90° requires R-12 minimum
i — Exception

* 60% of the energy for heating is
from site-recovered or site-solar
energy

2010 TERP Report, Vol. I1, pg. 112

504 Service Water Heating

l * Circulating systems

g — 1" of insulation on piping
F” —R-3.5/inch minimum
. * Noncirculating systems
t — without integral heat traps
| + 1/2" far firct 8 faet
* R-3.5finch minimum

504.7 Pools

* Pool Heaters
— Readily accessible On/Off switch on heater

| — Natural gas or LPG heaters shall not have
"" continuously burning pilot lights
_ * Time switches to turn off heaters & pumps
— All - Heated and Unheated
T = Exception
* Where 24 hour operation is required for public
health standards
* Where pumps are required to operate solar and
waste-heat recovery poal heating systems

505 Electrical Power and Lighting
Systems

* The lighting requirements focus on these
elements:

- lightsystem controls

= — Connection of ballasts

‘ — Maximum lighting power for indoor
‘ applications

= Minimum lighting equipment for exterior
applications

pe

(T & =

Figure 91: IECC Advanced Overview, part 14
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505.2 Lighting Controls (Mandatory)

* 505.2.1 - Interior lighting controls
— Each area enclosed by walls shall have at least one
manual control - w/ exceptions

+ 505.2.2. - Additional Controls

- Light reduction controls

M a

— Automatic lighting shutoff
— Occupant over ride

— Holiday scheduling

— Daylight zone control

= Sleeping unit controls

505.2.2.2 — Automatic lighting shutoff

* Buildings larger than 5,000 square feet
— Scheduled basis, using time-of-day
* Areas not to exceed 25,000 or more than one floor
— An occupant sensor
* Within 30 minutes of occupants leaving
- Signal from another control or Biaﬂ'ﬂ

when the area is unoccupied ——
- i{ E B

¥ S

system

Only ene of the 3 options s required

©0=

505.2.2.3 Daylight zone control

* Daylight zone defined as
- Area under skylights
— Area adjacent to windows

defined, must be switched independently
of general area lighting

=
‘ * The lights located in Daylight zones, as

2010 TERP Report, Vol. Il, pg. 113

505.2.2 Additional Controls

* 505.2.2.1 - Light reduction controls

Alternate Lumnaines Allernate Lamps (a)

== ]
=225

- =
2=

nen

Afermate Rowe.

o=EO=

jamiy e ]

=R N=0
LE

505.2.2.2.1 Occupant Override

' * If an automatic time switch control is
installed, it must have an occupant
~ override, be readily accessible, and have
. the following:

— Be in view of the lights
= Manually operated.
I — Two-hour override limit
i — Controls area less than 5,000 square feet

* Holiday scheduling feature

505.2.3 — Sleeping units

Sleeping units in hotels, motels, boarding houses
must have one master switch at main entry to
control all permanently wired lights and switched
receptacles

¥ S

“Standard Room- Sute

"
o

Figure 92: IECC Advanced Overview, part 15
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505.2.4 — Exterior lighting controls 505.3 — Tandem wiring (Mandatory)
* Must be co ntrolle.d so G AR
they are automatically s
 shutoff during daylight &
~ hours _ -
‘ * Seven day/seasonal ‘ * Exceptions 4
3 daylight program 3 - Electronic high-frequency ballasts
* Minimum 10-hour — Luminaires on emergency circuits
battery backup 7 — Luminaires with no available pair in the
N 5ame area
@0= 2@
505.4 — Exit signs (Mandatory) 505.5 - Interior lighting power
requirement (Prescriptive)
Not to exceed 5 watts per side * 505.5.1 - Total connected interior
lighting power
& = Sum of the watts of all interior lighting
g = Screw lamp holders — max labeled wattage
* Low-voltage lighting — transformer wattage
* Other luminaires

* Line-veltage lighting track and plug-in busway
— Mininmum 30 watt per linear foot,
— System circuit breaker, or
= Other current limiter(s)

@
o
JH

@:0=

| Muse "

| Parking Camgo

e
‘ | Peniteniary

| Perrrming Ars Theuer

[ 1 1

|
|
|
|
1 |
| |
! |
Mioulthiare—hine | [ .
| Lol | [
|
{
1
|
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Calculation

* Additional Interior Lighting Power Allowance =
1000 watts + (Retail Area 1 x 0.6 W/ft?) + (Retail
© Area 2x0.6 W/ft?) + (Retail Area 3 x 1.4 W/ft?) +
?ﬂ (Retail Area 4 x 2.5 W/ft?)
> — Retail Area 1 = Floor area for all products not listed in
Area 2, 3,ord
‘ — Retail Area 2 = Floor area for the sale of vehicles,
A sporting goods, and small electronic
! — Retail Area 3 = Floor area for the sale of furniture,
clothing, cosmetics and artwork
— Retail Area 4 = Floor area for the sale of jewelry,
crystal and china

505.6.2 — Exterior Building Lighting
Power

* The total exterior lighting power
allowance for all exterior building
=

applications is the sum of the base site
allowance plus the individual allowances
for areas that are to be illuminated and
are permitted in Table 505.6.2(2) for the
applicable lighting zone

* Exceptions

2010 TERP Report, Vol. Il, pg. 115

Additional Lighting Power Allowances

* Table 505.5.2, Footnote b — Merchandise
Display
— The additional lighting allowance for
merchandise display lighting applies to retail

505.6.1 — Exterior Building Grounds
Lighting

Compact Flusrescent (27 - 55 wats|
R 7I.ormeent Ml slee and Uiubel

O 10 20 30 40 50 &0 70 80 90 100 110
Lamo Flus Badsst Lumenswatt

Exterior grounds luminaires > 100walls, minimum efficacy of
B0 lumensiwatt required

Exterior Lighting Zones

TABLE 505.8.3(1)
_ EXTERIGH LIGHTING ZONES

j Dieteloped mrens of natinal parks, state parks,
| foress land, aod rural aeay

Avrews predomminanly consisting of residentlsl
i 2osing, neighborhood business districts. light
= imlustrial wath Ditcd aighttine we a0

| residencial mised se nreas

ity eomimereiad disrics in major
4 metropolitan areas a designated by the local
| tand wse plansing suibority
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Individual Lighting Power Allowances for
Building Exteriors

e
- sy

506 — Total Building Performance

* 506.1 - General
= The Total Building Performance Method allows
#‘ trade-offs among the building envelope,

mechanical systems, and lighting systems in
commercial buildings.

506.4 Documentation

the analysis must provide the following
information:
i — Annual energy use and cost

« = List of building features
‘ — Output files showing energy use totals

. The documentation that is required to support

— Energy use by source and end use

- Total hours that the space conditioning loads were
not met

— Software error messages or warnings

— Written explanations of any error messages or
warnings

Figure 95: IECC Advanced Overview, part 18
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Individual Lighting Power Allowances for
Building Exteriors

W v gk Y - gt | 4T e g LY o Bt
WOy Ry | U
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Full calendar
yuar of hourly
data (2,760 hre)
STANDARD [
DESIGN wmtams
(T " supplier ar
Pl uBDGe-Sute
R"‘._';‘:;"" I\‘ll’:ﬂ
] ™
<; Both designs
tool
e veesame
Q‘\\\.‘:.
ENERGY

COSTOF  __
STANDARD 7 ﬁ
DESIGN f

L Building Complies '.‘\."hena..,':ﬁ

Questions and Answers
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Special Thanks

The Tewas Workforce Commission supports the  high-demand
renewable energy industry through a grant awarded to the Energy
Systems Laboratory of the Texas Engineering Experiment Station al
Texas A&M University System for the development of curricula in
energy efficiency.

The grant alio provides Bnergy efﬁn:ienr.y and rencwahle ENergy
training on the 2009 Intermational Energ]l Conservation Code and
related technical skills as applied to the residential, commercial and
industrial sectors for approximately 450 participants,

Funding for this project is fram the Workforce Investment Act (WIA)
and the American Recovery and Reinvestment Act of 2009 [ARRA).

O=

iy

Figure 96: IECC Advanced Overview, part 19
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2009 IECC FUNDAMENTALS
RESIDENTIAL

Bagan on the 2008 Infermational Energy Conservalion Cods™

The goal of this seminar is for participants
to apply the 2009 |IECC in order to
increase the efficient use of energy in the
construction of new residential buildings
and alterations to existing residential
buildings.

% Recognized as the national model energy code of
choice for U.S. cities, counties, and states that
adopt codes

% Cited throughout Federal law for national private
and public housing inttiatives

% Serves as the basis for federal tax credits for
energy efficient homes, energy efficiency
standards for federal residential buildings, and
manufactured housing

%) (¥seco

i o et

2010 TERP Report, Vol. I1, pg. 118

(Vszco

g

Energy Systems Laboratory
Texas Engineering Experiment Station
Texas A&M University System

KATHY MCKELVEY

CODES SPECIALIST
KMCKELVEY@TAMU.EDU

Upon completion of this seminar, participants will
be able to:
« Locate general topics in the 2008 |ECC.
- Locate applicable tables in the 2009 IECC for specific
situations.
« Apply code requirements to real-world situations.
- Explain the intent behind a code requirement.
+  |dentify borderline scenarios as compliant or noncompliant.
- |dentify tial code pliancies for designing energy-
fiicient building th | pes, energy-efficient
mechanical design principles, and electrical lighting systems in
residential construction.

© Vseco

BUILDINGS
INDUSTRIAL 48%

25%

TRANSPORTATION
27%

U.S. ENERGY CONSUMPTION

Seurca Enorzy imdrmmon Admresirasion Stansaes (A hiecturs NG
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Figure 97: IECC Fundamentals Residential part 1

800
BUILDINGS
600 1. Determine if the project must comply with the
IECC.
400 2. Determine if the project is residential or
commercial.

INDUSTRY

(%]

Compliance documentation.

20 4 Plan reviewer is to ensure the documentation is
clearly identified.
0 5 Confirm that energy-using features of the building
1960 1980 2000 are installed per the approved plans and
documentation.
CO2 EMISSIONS by SECTOR "
) (Milion Metric Tons of Carbon) (l¥seco

The code applies to:

x Eight global climate zones and three moisture + Building Envelope
regimes. = Mechanical Systems
% Compliance assessment: - Electrical Systems
» Prescriptive criteria (‘Meet-or-Beat” and « Service Water Heating Systems

“Use-it or Lose-it" criteria)

» Simulated Performance crteria (Energy
simulation tools)

(seco (® (vseco

S Pt | Chapter 1 — Administration and Enforcement

| Camg ey

e Chapter 2 — Definitions
—— ,”H:-M- — Chapter 3 - Design Conditions
M"I":M “"2"11 Chapter 4 — Residential Energy Efficiency
mr ‘IY;M 'T. | Chapter 5 - Commercial Energy Efficiency
imlicd Chapter 6- Referenced Standards

Ivseco

(@) Vseco ‘ ;
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Figure 98: IECC Fundamentals Residential part 2

Chapter 1
Administration and Enforcement

(@) (¥seco

101.3 = INTENT

= The |ECC continues to emphasize both
prescriptive and performance-related provisions
for both commercial and residential buildings

xProvide flexibility to permit the use of innovative
approaches and technigues

© rseco

101.4 - APPLICABILITY

The provisions apply to several different project
types:

«  Newly conditioned space

« Existing buildings - new construction - remodels

«  Additions, alterations, renovations or repairs
Change in occupancy or use
Change in space conditioning

«  Mixed occupancy

(“}‘ssco

o g Fmrm ]

2010 TERP Report, Vol. 11, pg. 120

101,2 SCOPE

The code applies to:

« Residential Buildings

- One- and two-family dwellings,
townhomes (not-IRC buildings)

« | Multi-family dwellings three
stories or less in height

= Commercial Buildings

*  Mult-family dwellings four
stories or greater in height

(¥seco

s e e

101.3 - INTENT

101.3 - Intent

Life safety, health and environmental
requirements take precedence over energy
provisions.

101 - NEWLY CONDITIONED SPACE

New buildings

©) lrseco

December 2011
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Figure 99: IECC Fundamentals Residential part 3

2010 TERP Report, Vol. Il pg. 121

101.4 - APPLICABILITY

= 101.4.1 — Existing Buildings
= 101.4.2 — Historic Buildings

(@ rseco

101.4.3 —ADDITIONS, ALTERATIONS,
RENOVATIONS OR REPAIRS

Where change increases energy use.
Applies to alteration as if it were new construction,
Exceptions
« Storm windows over existing fenestration
« Glass only replacements in existing frame
- Existing ceiling, wall or filoor cavities filled with insulation
- Where existing roof, wall or floor cavity is not exposed
« Re-roofing where the sheathing is not disturbed
+ Replacement of existing door
- Alterations that replace less that 50 percent of the
luminaries
«  Alterations that replace only the bulb and ballast within the
existing luminaries

f
(@) (Vseco )

101 — SCOPE AND GENERAL
REQUIREMENTS

101.4.4 — Change in Occupancy

An alteration that, increases the
demand for fossil fuel or electrical
energy onsite as a result of a change,
must comply with the code.

101 — NEWLY CONDITIONED SPACE

Any unconditioned space that is altered to
become conditioned space shall be required to
be brought into full compliance with this code.

101.4.6 — MIXED OCCUPANCY

101.4.6 — Commercial building

MIXED USE BUILDING

101.4 6 — Mixed use building

Residential ard Story

Residential 2nd Story

1st Story

~
Grade Line

December 2011
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Figure 100: IECC Fundamentals Residential part 4

101.4.6 - EXAMPLE 102.1.1 -=ABOVE CODE PROGRAM

101.4.6 — Mixed Occupancy Mixed-use building » Authority to approve “above code” program is
vested in the code official.

» Language does not guarantee alternative
programs to exceed the performance
required by IECC.

« Burden of proof to establish equivalency is on
the applicant.

Miged HetrelMoar and Com mrscial

191.2.@ =~ QY ENERGY BHIERINGS MATERIALS, SYSTEMS AND EQUIPMENT
Buildings that are exempt from the building Section 102 is now found in Section 303 -

enve'ope provisions are: Materials. Sys‘ems and Equipmeni

= Buildings with a peak design rate of energy
use less than 3.4 Btu/h ft? or 1 watt/ft® of Provisions applicable to the identification,
floor area for space conditioning purposes installation, and use of energy efficient

materials, systems and equipment are moved

/i THoss it do not containiconaibonet from Section 102 to Section 303. These are

space general technical requirements, not

administrative regquirements.

@) rseco © Vseco )

103 — CONSTRUCTION DOCUMENTS CONSTRUCTION DOCUMENT INFORMATION

Information about the following systems

« Level of efficiency used to demonstrate should be included on the plans:
compliance with the code must be

clearly identified.
+ Building envelope

+ Mechanical system
+ Lighting system
+ Service water heating

= Complete set of building plans with
efficiency requirements clearly labeled.

seco @) rseco .

g e e
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Figure 101: IECC Fundamentals Residential part 5

103 = CONSTRUCTION DOCUMENTS

Information can be presented in
a number of ways:

+ On the drawings.
+ On sections and in schedules.
+ Through notes and callouts.

+ Through supplementary worksheets or
calculations.

(@) (Vseco

104 - INSPECTIONS

The code states:

= All construction is subject to inspection.

« Construction shall not be concealed without
inspection approval.

= Afinal inspection is required before
oceupancy.

= Abuilding shall be re-inspected when
determined necessary by the code official.

(@) Vseco

LET'S TAKEA...

(@) vseco

...ten-minute break.

2010 TERP Report, Vol. Il, pg. 123

103.3 - PLAN REVIEW

103.3 Examination of documents

+ This section of the code covers the
examination of documents, and the
various types of approvals that the
code official will deal with on both new
and existing buildings o

(@) seco

106 — REFERENCED STANDARDS

106.2 — Conflicting requirements

Code takes precedence when the requirements
of the referenced standards, in Chapter 6, with
the reguirements of the code.
106.2 — Other laws
The provisions of this code shall hot be deemed
to nullify any provisions of local, state, or federal
law.

@© (Vseco

Chapter 2
Definitions

(@) (Vseco
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Figure 102: IECC Fundamentals Residential part 6

202 - GENERAL DEFINITIONS

% Building Thermal Envelope
» Commercial Building

% Conditioned Space

x Exterior Wall

* Residential Building

||;IC':.SECO

DAY LIGHT ZONE

x Under Skylight

REVISED DEFINITIONS

+ Labeled
+ Listed
+ Storefront

0 '“:'-':SECD

2010 TERP Report, Vol. Il, pg. 124

NEYY REFINITIQN®

+ Air barier

+ C-factor (thermal conductance)
+ Daylight zone

+ Demand control ventilation

+ Entrance door

+ Fan systems

+ Ffactor

+ High-efficiency lamps

+  Nameplate horsepower

DAY LIGHT ZONE

x Adjusted to Vertical Fenestration

Chapter 3
Design Conditions

(@) (Vseco
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Figure 103: IECC Fundamentals Residential part 7

303 - IDENTIFICATION

303.1 — Materials to be labeled on site with the rated R-value

303 — DEFAULT FENESTRATION VALUES

x Table 303.1.3(1)
Default Glazed Fenestration U-Factor

x Table 303.1.3(2)
Default Door U-Factors

x Table 303.1.3(3)
Default Glazed Fenestration SHGC

2010 TERP Report, Vol. Il, pg. 125

INSULATION PRODUCT RATING

Section 303.1.4

Provides reference to the specific standards
and rating conditions for the testing and
listing of insulation R-values specific to the
type of insulation and intended use

303 - FENESTRATION LABELS

303.1.3 — Fenestration product rating

ENLEGY PLRFORMANCE RATRNGS
R ISR | Sk Mt e Canliced

034 0.25

ADDITIONAL PURFORMANCL HATINGS
rabie Triemmdtance K Lrakoge USA R

TABLE 303.1.3(1) GLAZED FENESTRATION
VALUES

TABLE 902.1.3(1)
D_E_F%U_LT ElA_Z_E_D_FEH ESTRATION U-F_ICTQH
SINGLE | DOUBLE - S TLIOHT

_FR?.H!WP_! | PANE | 'ﬂ_"ﬂ ! Single | Double
Meal | 120 | 080 | 200 | 130
| Metal with Thermal Break | 110 | 0.65 | 190 | LI
Nonmetaler Mewl Clad | 095 | 055 | 175 | 105
Glireed Block | 0.60

Ih f
(@) rseco ! @ rseco
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Figure 104: IECC Fundamentals Residential part 8

TABLE 303.1.3(2) DOOR VALUES
TABLE 303.1.3(2)
DEFAULT DOOR L-FACTORS
DOORTYPE UFACTOR
Uninsulated Metal 120
Insulated Metal 0_92
L 050
::fﬂ;ﬁngm:jnrbzl r::lf' max 45% glazing, 038
(rseco
Chapter 4

Residential Energy Efficiency

@ (vseco

COMPLIANCE METHODS

402.1.2 — Compliance by R-value computation

Table 402 1.1 - Insulation and Fenestration
Requirements by Component

402.1.3 — U-factor alternative
Table 402.1.3 — Equivalent U-Factors

i’b‘sgco

e g e e

2010 TERP Report, Vol. Il, pg. 126

TABLE 303.1.3(3) — SOLAR HEAT GAIN

COEFFICIENT

TABLE 303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC
SINGLE GLAZED DOUBLE GLAZED
Clear Tinted Cloar Tinted GLAZED BLOCK
0.8 07 07 0.6 0.6

(vseco -
B gy Lt M
RESIDENTIAL ENERGY EFFICIENCY
Contains requirements for the building
envelope, heating and cooling systems, and
water heating systems in residential buildings.
PROPOSED BUILDING
| cm’mﬂ \iw’i‘ u:(mmt ] ‘::::fl
@ sl — ) :
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Figure 105: IECC Fundamentals Residential part 9

TABLE 40213
EQUIVALENT L-FACTORS

CRAWL

FRAME BASEMENT | EPACE

CLMATE FENESTRUNON | SKYLGHT | CELNG WALL | MASSWALL | FLOOR WALL WAL
0N -RCTOR FRCTOR | URACTOR | URACTOR | CRCTOR | URCTOR | URACTOR' | LHRACTOR'

I (5. ] [ 1] s [11E] (1) bkt 0360 mm

1 1. (1] 0nas [l L1 s [E] 04T

i (L] (1] 114 T3] o (T Qe (1E)

4 pxcept Marine o 080 (T3] [1.4] (111] T 00 [L0é3
Sund Masinc & (1] 080 0 (1) 8l omr | oams 008
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CALCULATING ASSEMBLY U-FACTORS

% The calculation must include the effects of framing.

x A R-value must be determined for each different
material in the assembly.

% The R-values are then totaled to determine the total
R-value through each thermal path of the assembly.

% The total R-values are then converted to U-factors
by taking the reciprocal of the R-value,

x An area-weighted average U-factor is calculated for
the wall system that takes into account the effects
of framing.

© Vsec0 )

40214 - TOTAL UA ALTERNATIVE

= The building envelope design is
permitted to deviate from R-values or U-
factors in Tables 402.1.1 or 402.1.3,
respectively, provided the total thermal
transmittance (UA) is the same or less
as the very same building envelope
geometry designed to code

@) (rseco -

2010 TERP Report, Vol. I1, pg. 127

DETERMINING COMPLIANCE

An assembly U-factor must be calculated for
each applicable assembly type proposed for the
project.

The ASHRAE Handbook of Fundamentals is an
excellent source of information on how to
calculate an assembly U-factor.

@ (rseco

SAMPLE CALCULATION—WALLS

UuX A+ U X Ay + ...
AgtApt..

u

ow

Where

« U, = Uactor of opaque wall number 1
= A, = Area of opaque wall humber 1

= U, = U-factor of opaque wall number 2
+ A, = Area of opaque wall number 2

© s

402.2.1 — CEILINGS WITHATTIC SPACES

@ (rseco
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Figure 106: IECC Fundamentals Residential part 10

EXAMPLES OF WALL INSULATION

Eilown,in, Loos e-Jdl Insulation

Unfaced-batt Insulation (

(@) (rseco

402.2.7 - SLAB-ON-GRADE FLOORS

= —
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402211, 402.3.5 - THERMALLY
ISOLATED SUNROOMS

Themal |solation - Physical and space conditioning
separation from conditioned space(s). The conditioned
space(s) shall be controlled as separate zones for heating
and cooling or conditioned by separate equipment.
Requirements:
- Aseparate space conditioning system

The glass used must have a maximum U-factor of 0.75 in

climate zones 1-3 and 0.50 U-factor in climate zones 4-8

Minimum ceiling R-value shall be R-19 in zones 1-4 and R-24

in zones 5-8

Minirum wall R-value shall be R-13

2010 TERP Report, Vol. Il, pg. 128

402.2.7 - BASEMENT WALLS

«Defined as walls greater than or equal to 50 percent below
grade.

Basement Wall

= 50% below grade Grade Line

Basement Wall-
= S0% below
Exterior Wall -
< 50% below grade

(@) vseco

402.2.9 - CRAWL SPACE WALLS

Criteria:

»  Mustbe insulated to the R-value
specified in the energy code.
» May not have ventilation openings
that communicate directly with
outside air. = .
+ Must be mechanically ventilated or ** ~~
supplied with conditioned air. U b p -
Exposed earth fioors must ba
covered with an approved vapor
ling ial, which is up
the stem wall and then sealed and
taped to the wall.

© (rseco

THERMALLY ISOLATED SUNROOMS

Separate Space Conditioning System

Must maintain thermal isclation Wﬁ 402.1.1 Requirements
(@) Vseco ! @ Vseco
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Figure 107: IECC Fundamentals Residential part 11
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4023 - FENESTRATION

402.3.1 U-factor

« Area weighted average U-factors and SHGCs
may be used to comply with Table 402.1.1.

« Up to 15 ft2of glazed fenestration per dwelling

unit can be exempted from U-factor and SHGC
requirements.

(@) (Vseco

402.3.2 - GLAZED FENESTRATION SHGC

The SHGC measures how well a window or translucent
product blocks heat caused by sunlight. SHGC is
expressed as a number between 0 and 1. The lower the
number, the lower the amount of heat that passes into the
building through the glazing,

Fenestration must be rated using NFRC 200 or a default
SHGC valug is to be assigned from Table 303.1.3(3).

() vseco

e e s

EXEMPTION

x 402.3.3 Glazed fenestration SHGC & 402.3.3 Glazed
fenestration E){HT’IPNOH
+ Up to 15 square feet (1.4 m2) of glazed fenestration per dwelling
unit can be exempted from (Ffactor and SHGC requirements
* 402.3.4 Opagque door
+ One hinged opaque door up to 24 square feet (2.22m2) is also
exempt
= 402 3. 6 Replacement fenestration
nent wind and skylights must camply with the
fenesh*ahun UHactor reqmrements of Table 402.1.1.

(@) (rseco

6 403 = MANDATORY

402 .4 - Air Leakage (mandatory)
402.4.1 — Building thermal envelope
402 .4.2 — Air Sealing and Insulation

= Building envelope air tightness and insulation
shall be demonstrated in one of two ways.

402.4.2,1 TESTING OPTION

Requires testing at specific air changes per hour
at a specific air pressure

There are seven requirements.

1. Exterior windows and doors, fireplaces and stove doors
closed, but not sealed

2. Dampers shall be closed but not sealed

3. Interior doors open

4. Exterior openings for canti ilation syst
recavery ventilators closed and sealed

5. Heating and cooling systems turned off

6. HVAC shall not be sealed

7. Supply and retum registered shall not be sealed.

(@) (seco

and heat

BLOWER DOOR TESTING

Blower Door Depressurization Test

December 2011
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Figure 108: IECC Fundamentals Residential part 12

402.4.2.2 VISUAL INSPECTION OPTION 402.4.3 - FIREPLACES
+Follows Table 402 .4 2 and can include an
indepen@(‘ant third party if approved by the New wood-burning fireplaces
code official shall have gasketed doors and
outdoor combustion air. [©
) Vseco : (rseco
402.4.4 — FENESTRATION AIR LEAKAGE 402 45—~ RECESSED LIGHTING

Sets the testing requirements for air leakage )
rates in windows, skylights and sliding o
glass and swinging doors.

i

Air Leakage
Through Recessed
Can Lights

(seco @ (rseco

403 - BUILDING SYSTEMS

The building systems addressed, consist of a
heating andfor cooling system, a distribution

Limits the maximum area-weighted U~factor and SHGC system and temperatu re contrals.

that can be traded-off among opaque envelope

components for the purpose of envelope compliance. s . D7
Building Sy 8
« Duet [nstalagon
Hesting and Irsulation
and Cooling ~|
Effiaency 4
i !
= Terrperabre &
e Humidty Controls
= =
.,-E; — T ——Fipe Insulston
— PP e
(e 0 T T —
O - (&) Vseco -
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Figure 109: IECC Fundamentals Residential part 13
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THERMOSTAT AND CONTROLS

% 403.1.1 — Programmable Thermostat

% 403.1.2 — Heat pump supplementary heat
(Mandatory)

»

403.2 - DUCTS

x 403.2.1 - Insulation
+ Supply ducts in attics shall be R-8 min
+ All other ducts shall be R-6 min
+ Exception
« Ducts located completely inside the building themal
envelope (don't have to be insulated)
x 40322 - Sealing
+ All ducts, air handlers, filter boxes and building
cavities used as ducts shall be sealed in
accordance with Section M1601 4.1 IRC
+ Duct tightness shall be verified by testing
x Postconstruction o rough-in

«The test iz riot requirsd whers the air handler and sntire duct
system are located vatln conditioned spece [

ki gy o e

403.4 - CIRCULATING HOT WATER

x Insulation

+ All hot water piping shall be R-2 min
» Controls

+ Automatic controls OR

+ Readily accessible manual switch

403.6 AND 403.7 — SIZING, MULTIPLE
UNITS

x Sizing
+ Heating and cooling equipment shall be sized in
accordance with Section M1401.3 of the IRC

¢ Use Design conditions specified in IECC Chapler 3.

« CPart [V—Machanical® oftha IRC refers specifically to the gin
Condiionng Contrectors of Amence (ACCA) Mantal'J for bullding
loads {IRC Section M1401.2)

¢ "Part IV—Mechanical’ of the IRG refars spaafically to tha Alr
Condiboning Contradors of Amence (ACCA) Manual's lor sizing
equipment (IRC Section M1401 3)

x Multiple Units

+ All systems serving multiple dwelling units shall comply
with Sections 503 and 504 in lieu of Section 403

Nty

QVERSIZING = SHORT CYCLING

Oversized Air Conditioning Equipment Results in Short
Cyeling

lmpacls of OVE'i'SiZiﬂg are:
+ Reduces equipment life
+ Reduces efficiency (SEER)
» Results in poor dehumidification
» Reduces filter effectiveness

@ (Vseco

403.8 - SNOWMELT SYSTEMS

% Snow and ice-melting equipment controls

+Automatic controls capable of shutting down
the system when:
«The pavement temperature is above 50°F and no
precipitation is faling AND

«An automatic or manual control that will allow
shutoff when the outdoor temperature is above 40°F

(@) Vseco \
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Figure 110: IECC Fundamentals Residential part 14

403,9 - POOLS

Energy conservation requirements are
required for residential pools the same as
commercial pools. These include pool
heaters, time switches to control circulation
pumps, heaters, and vapor retardant pool
covers & T

2010 TERP Report, Vol. I1, pg. 132

403.9.1 POOL HEATERS

« All pool heaters shall be equipped with a
readily accessible on-off switch to allow
shutting off the heater without adjusting the
thermostat setting. Pool heaters fired by
natural gas shall not have continuously
burning pilot lights.

(rseco

e g e

403.9.2 TIME SWITCHES.

« Time switches to automatically turn on and off
heaters and pumps according to a preset
schedule, shall be installed on swimming pool
heaters and pumps. The two exceptions
address public health standards and
circumstances where the pumps senve pools
with solar-waste-heat recovery heating
systems.

(@) (rseco

403.9.3 POOL COVERS

» Heated pools shall have a vapor-retardant
pool cover on or at the water surface
« Pools heated to more than 90°F shall have a
R-12 min value pool cover
« Exception
« Pools deriving over 60 percent of the energy for

(@) (rseco

heating from site-recovered or solar energy source

404.1 - LIGHTING EQUIPMENT

A minimum of fifty percent of the
lamps in permanently installed
lighting fixtures shall be high-
efficiency lamps.

@) seco

Tl

405 - SIMULATED PERFORMANCE ALTERNATIVE

Im

An energy estimation tool is used to compare
the energy use of the proposed design with that of
the standard design building, just meeting the

minimum code requirements.
e e
Design
e S
“

%
EHERGY ESTIMATICN TOOL |

ENERGY COST | < ENERGY COST | |
CF PROPOSED | —- | OF STANDARD | S
L} DESIGN | BIC 155
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Figure 111: IECC Fundamentals Residential part 15

405.4 - DOCUMENTATION

A comparative compliance report which clearly
depicts the annual energy costs of both standard
and proposed designs must accompany all
submittals demonstrating compliance under the
simulated performance alternative.

© ('seco
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405,52 — RESIDENCE SPECIFICATIONS

Table 405.5.2(1) - Specifications for the Standard
Reference and Proposed Designs

Building Component
Standard Reference Design
Proposed Design

| @ 1"' SECO ]

s gy ot U

TABLE 405.5.2(1) - GLAZING

(@) (rseco

=

DEFAULT DISTRIBUTION SYSTEM EFFICIENCIES

Proposed Design

TABLE 405.5.2(1)
DFFAILT DESTREUTION SYATEM EFFICIENCIES FOR PROPOSED DESIGHS

Disribution sysiem components located in unconditioned space

05F ]

T

“Dales” systens
FoeSE | oot oo pormumy = 047 L, | sy foom = S0 m’. § powsd ger squars imch = 6595 Py, | imch =i goage = 1250 F
. Defush caber. oo by o e prm gl -
& My oy

e e depea e, e sk -

proe
&

@ (rseco
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Figure 112: IECC Fundamentals Residential part 16

THANKS FOR THE SUPPORT OF THE QUESTIONS AND ANSWERS

x State Energy Conservation
Office (SECO)

+especially Felix Lopez

(Ivseco

State Energy Conservation Office

(8 Vseco (@) (Vseco

Figure 113: IECC Fundamentals Residential part 17
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3.10 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.

In 2008, 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 2008 by the Laboratory,
PUCT, SECO, and ERCOT (i.e., wind).

At the request of the TCEQ, the Laboratory has continued the development of procedures for quantifying
NOXx emissions reductions from wind turbines that includes weather normalization and the quantification of
NOXx emissions reductions from the new Federal regulations for SEER 13 air conditioners.

3.11 Planned Focus for 2011

In FY 2009, the Energy Systems Laboratory will continue in its cooperative efforts with the TCEQ, PUCT, SECO,
US EPA and others to ensure EE/RE measures remain a cost-effective solution to clean air, and continue to support
the energy efficiency and renewable energy opportunities of the TERP. The Laboratory team will:

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

Verify, document and report energy efficiency and renewable energy savings in all TERP EE/RE programs
for the SIP in each non-attainment and affected county using the TCEQ/US EPA approved technology;
Assist the PUCT with determining emissions reductions credits from energy efficiency programs funded by
SB 7 and SB 5;

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

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

Continue to refine the cost-effective methods and techniques to implement 15% above code energy efficiency
in low-priced and moderately-priced commercial buildings;

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

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;

Upon request, 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. This will
consider comments made by persons who have an interest in the adoption of the energy codes in the
recommendations made to SECO.

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.

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 ratings program.

Include all benefits attained from this program in an annual report to the commission.

Enhance IC3 to support multifamily residences, and add other features to enhance adoption.

Engage production builders and municipalities in overcoming obstacles to their using 1C3 for their new home
construction.

Seek funding to enhance TCV (Austin’s version of Ice).
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e Replace ESL and TERP (SB5) websites with more accessible, easily navigable sites.

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.

4 Introduction

4.1  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. These
areas are shown on the map in Figure 26 as non-attainment and near nonattainment. In 2008, the twenty counties
designated as nonattainment counties include: Brazoria, Chambers, Collin, Dallas, Denton, Ellis, Fort Bend, Hardin,
Harris, Jefferson, Galveston, Johnson, Kaufman, Liberty, Montgomery, Orange, Parker, Rockwall, Tarrant, and
Waller Counties. The 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
County.

These counties represent several geographic areas of the state, which have been assigned to different climate zones
by the 2001 IECC™ as shown in Figure 27, based primarily on Heating Degree Days (HDD). These include climate
zone 5 or 6 (i.e., 2,000 to 2,999 HDDg;) for the Dallas-Ft. Worth and El Paso areas, and climate zones 3 and 4 (i.e.,
1,000 to 1,999 HDDgs) for the Houston-Galveston-Beaumont-Port Arthur-Brazoria areas. Also shown in Figure 27
are the locations of the various weather data sources, including the Typical Meteorological Year (TMY2) (NREL
1995) stations, the Weather Year for Energy Calculations (WYEC?2) (Stoffel 1995) weather stations, the National
Weather Service weather stations, (NWS) (NOAA 1993) weather stations, the ASHRAE 90.1 1989 weather
locations™, the ASHRAE 90.1 1999 weather locations, the solar stations measured by the National Renewable
Energy Laboratory (NREL)®®, the solar stations measured by the TCEQ"’, and F-CHART and PV F-CHART
weather locations™.

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

% The ASHRAE 90.1-1989 and 90.1-1999 weather stations are used in the emissions calculator for determining the building characteristics.

'8 The NREL stations were the primary source of the 1999 global horizontal, direct normal and diffuse solar radiation used to determine the 1999
peak-day and annual emissions for the DOE-2 simulations for code-compliant housing and commercial buildings.

" The TCEQ stations were used as the secondary source for global horizontal solar radiation when the NREL sites were missing data or no NREL
site was nearby.

8 The F-Chart and PV F-Chart weather locations are used to determine the solar thermal or electricity produced by the systems specified by the
use in the emissions calculation. The monthly energy or electricity production from F-Chart or PV F-Chart is then weather-normalized using
ASHRAE’s Inverse Model Toolkit to develop coefficients that are then used to determine the 1999 annual and peak day energy or electricity
production for emissions calculations.
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Figure 114: US EPA Nonattainment and Near Nonattainment

4.2 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
0 Sec. 388.009. Certification of Municipal Building Inspectors.
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In 2005 these same responsibilities were further updated by
o 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 2007:

e with Senate Bill 12 and House Bill 3693.

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

4.2.1  (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).

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

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.

4.2.3 (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:

a) abuilding certified by a national, state, or local accredited energy efficiency program shall be considered in
compliance;

b) abuilding with inspections from private code-certified inspectors using the energy efficiency chapter of the
International Residential Code or International Energy Conservation Code shall be considered in
compliance; and

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

4.24  (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
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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.

4.25 (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.

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

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

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

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

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

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

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

4.2.8 (HB 3235) Sec. 388.009. Certification of Municipal 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 is required to be developed no later than
January 1, 2004, with state-wide training sessions starting no later than March 1, 2004.

429 (SB 20, HB 2481, HB 2129). Additional Energy-Efficiency Initiatives
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The 79" Legislature, 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.

4.2.10 (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 to include information on the benefits attained
from this program in an annual report to the commission.
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5  Progress: January 2010 through December 2010
5.1 (SB5) Section 386.205. Evaluation of State Energy-Efficiency Programs (w/PUCT)

5.1.1  Implemented 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 the 2005, 2006, 2007, 2008 and 2009 annual report.

5.2 (SB 5) Sec. 388.003. Adoption of Building Energy-Efficiency Performance Standards

5.2.1  Provide Code Training Sessions

During the 77" Legislature, Senate Bill 5 (SB 5) adopted the 2000 International Residential Code (IRC) as the
energy code for single-family residential construction and the 2000 edition of the International Energy Conservation
Code (IECC), with the 2001 Supplement 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.

These codes are published by the International Code Council (ICC), which publishes a new edition every three years
and a supplement in the intervening years. The 2003 Codes have been reviewed and determined to be no less
stringent than the editions currently adopted by SB 5. Transition to the 2003 IRC and IECC can be easily
accomplished. The 2006 Codes were reviewed and the residential provisions were determined to be less stringent
than the editions adopted by SB 5 while the commercial provisions were determined to be as stringent as those in SB
5. Energy System Laboratory has assisted the local legislative bodies with amendments to the residential portions
of the 2006 International Energy Conservation Code to insure it remains in compliance with the State Regulations
concerning stringency.

Section 388.009 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 developed the
Energy Code Workshops which are based on the 2003 and 2006 International Energy Conservation Code (IECC) as
published by the International Code Council (ICC) for residential and commercial buildings, with amendments. In
addition, three more workshops were developed that offered software training, ASHRAE Standard 62.1 and
ASHRAE Standard 90.1.

The Residential Energy Code Training Workshop and Commercial Requirements of the International Energy
Conservation Workshop both include an overview of the TERP program and extensive instruction on all chapters of
the IECC, which include the general requirements, definitions, and design conditions. The 2003 and 2006
Residential Workshops also includes detailed instruction on Chapter(s) which contain specific regulations relating to
residential construction, in addition to a comparison of the IECC and the energy provisions of the International
Residential Code (IRC). The 2003 and 2006 Commercial Workshops includes detailed instruction on Chapter(s),
which relate to commercial regulations and a summary of the relationship between ASHRAE 90.1 and the
commercial provisions of the IECC.

In 2010 the TERP group prepared for the trainings that were to be offered in 2012.
e January 21-25: Gathering of 90.1 updated materials from the ASHRAE 90.1 Standards committee meetings
in Chicago, Illinois. These were organized into workshop presentation materials for workshops offered in
2011.
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e June 23-27: Participation in the ASHRAE 90.1 Standards committee meetings in San Antonio, Texas, to
obtain critical updates for the offering of 90.1 training workshops, which came later in 2011.

5.2.2  Summary of ASHRAE Standard 90.1 Standards Committee Activities during 2010,
and Ongoing Subcommittee Actions

The following paragraphs track the changes and discussion in the ASHRAE 90.1 code at the ASHRAE winter
conference in Orlando, Florida and ASHRAE summer conference in Albuquerque, New Mexico. Both the
conferences took place in 2010.

Overall there have been 109 approved addenda to the 90.1-2007 which is incorporated in 90.1-2010
Standard of which 41 addenda provide energy savings. Approved addenda for the envelope include provisions for
high albedo roofs, updated criteria for metal buildings, opaque and fenestration envelope requirements, projection
factor adjustment to SHGC and vestibule requirements, introduction of air leakage requirements. Approved addenda
for mechanical systems include VAV fan requirements for large single zone units, alternate compliance path for
water-cooled chillers with high part load efficiency (VFD), ventilation rates based on ASHRAE 62.1-2004, demand
control ventilation requirements, updated heat recovery specifications, cooling tower efficiencies, updating
maximum flow rates for chilled and condenser water piping, resetting supply air temperatures, modifications to
kitchen hood specifications, updates to economizer specifications, and fan power limitations. Approved addenda for
the lighting section includes lighting control credits for automatic lighting controls, automatic lighting shutoff in
guest room bathrooms and four-zone lighting power density approach for exterior lighting requirements. Other
approved addenda which would be added to the 2007 ASHRAE 90.1 code include making Appendix-G normative,
requirements for low-voltage dry-type transformers and heat pump pool water heater requirements. Some of these
addenda are discussed in the 2009 annual report and will not be included in the discussion below.

5.2.2.1  From the Envelope section of the code (Section 5)

Two items were proposed as addenda to the 2007 version of the ASHRAE 90.1 code. Addendum g updates the
building envelope criteria for metal buildings. Addendum g modifies the vestibule requirements for climate zone 4.

Addenda:

Addendum f: This addendum sets requirements for high albedo roofs. The addendum expands the types of roofs
shown by research to reduce the conduction loads through roofs into the conditioned space. This allows building
design teams to select from a number of alternatives and reduce space loads, thereby reducing energy usage and
cost. The changes are presented in Section 5.5.3.1.1 and 5.5.3.1.2 of the ASHRAE 90.1 2010 code as well as in
Table 5.5.3.1.2 of the code. Addendum f affects medium and large office buildings, retail buildings, schools,
healthcare hospitals, hotels, and apartment buildings.

Addendum ag: This addendum adds a requirement for joint insulation. Additions are made in section 5.8.1.10 of the
code.

Addendum am: The purpose of this addendum is to revise air leakage criteria so that they closely reflect current
practice. The addendum includes additional options for air leakage testing for fenestration and doors. The changes
are presented in Section 5.4.3.2 of the ASHRAE 90.1 2010 code. All the building prototypes are affected by the
changes mandated by this addendum.

Addendum bf: Requires continuous air barrier and performance requirements for air leakage of opaque envelope
elements. The addendum maodifies the language of the air barrier design requirement in Section 5.4.3.1.1 of the
ASHRAE 90.1 2010 to include performance requirements for air leakage of the opaque envelope and to add and
change acceptable materials and assemblies in Section 5.4.3.1.3. These addenda apply to all prototypes.

Addendum bn: Limits poorly oriented fenestration; favors south facing fenestration over west facing fenestration.
Compliance can be shown by having more south facing fenestration than west facing fenestration. For those
buildings affected by this requirement, this reduces envelope loads, energy usage and thereby costs. This approach
gives flexibility to building design teams to work with building siting and fenestration orientation as well as
fenestration area to comply with the requirement. This addendum provides exceptions for retail glass and buildings
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potentially shaded from the south or west. Also, an exception is provided for certain additions and alterations. The
changes are presented in Section 5.5.4.5 and Table 11.3.1 of the ASHRAE 90.1 2010 code.

Addendum di: This addendum allows for a reduction in ventilation in uncontaminated garages.

Addendum dI: This addendum gives instruction to the users of Appendix C on how to model the base envelope
design and the proposed envelope design in complying with the cool roof provisions in Section 5.)

5.2.2.2  Addendums for the Mechanical section of the code (Section 6)

Addenda:

Addendum e: As per ASHRAE 62.1 specifies outdoor air intake to meet the ventilation requirements. This results
in the heating, cooling and dehumidification of outdoor air which increases the energy consumption. These
requirements also call for the HVAC system to provide for exhausting air. There is a potential to recover both
heating and cooling energy from exhaust air. This addendum modifies the requirements for energy recovery. Energy
recovery requirements are now defined by the design supply fan airflow rate, climate zone, and the % outdoor air at
full design airflow rate. The specifications for energy recovery are reported in Section 6.5.6 and Table 6.5.6.1 of the
ASHRAE 90.1 2010 standard. This change affects large offices, standalone retail, schools and hospitals.

Addendum v: This addendum modifies the requirements for axial fan open circuit cooling towers with provisions to
calculate the pump head associated with sizing the cooling towers. The calculations are provided in Section 6.4.2 of
the ASHRAE 90.1 2010 code.

Addendum ae: This change adds requirements for heating panels. Changes are provided in Section 6.4.4 of the
code.

Addendum af: (Prescriptive) The addendum prescribes maximum flow rates through chilled water and condenser
water piping in order to properly size these hydronic systems. The changes are described in Section 6.5.4.5 Table
6.5.4.5 of ASHRAE 90.1 2010. The modifications affect large office buildings.

Addendum aj: This addendum expands the scope of electric motors and proposes changes to energy efficiency
standards for the motors that are manufactured in 2010 and beyond. The changed efficiencies are provided in Table
10.8a and Table 10.8b of the ASHRAE 90.1 2010 code.

Addendum ak: The addendum removes the requirement for VFDs on variable flow heating water systems. Other
changes include lowering VFD threshold from 50 to 5 hp for chilled water systems, Limiting differential pressure
setpoint and requirement of a setpoint reset with DDC and addition of water-cooled air conditioners to systems
requiring isolation valves. The addendum also adds VVFD pumping requirements to hydronic heat pumps and water
cooled unitary air conditioners. The changes are provided in Section 6.5.4.2 of the code. Large office buildings are
affected by the implementation of this addendum.

5.2.2.3  From the Lighting, Power and Other Equipment sections of the code (Section 8, 9, and 10)

Addenda:

Addendum d: Requires automatic daylighting controls when skylights are present. The addendum revises section
55.4.4.2,5.8.2.1,5.8.2.2 and 5.8.2.6. The addendum adds new sections 5.7.3, 9.4.1.3 and 9.4.1.4. The changes
affect standalone retail, schools, and warehouses.

Addendum i: This proposal will apply a four-zone (e.g. city center, mixed commercial/high-rise residential,
residential, and rural) lighting power density approach to exterior lighting requirements. See IESNA documents in
RP-20, DG-5, IESNA Handbook, RP-2, G-1, and RP-33. Also, there is a deletion of the 5% additional power
allowances, which is replaced by a base wattage allowance per site. See Tables 9.4.5and the new 9.4.6. These
changes affect all the building types.
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Addendum o: This addendum establishes step-down transformer efficiencies. The Energy Policy Act of 2005
created new federal minimum efficiency standards for low-voltage dry-type transformers. This addendum adopts the
federal mandatory requirements by adding them to 90.1-2010. Prior to this addendum, this class of equipment had
no efficiency requirements. Changes of this addendum are provided in Section 8.1, 8.4.2 and Table 8.1 of the 90.1
2010 code. This addendum affects medium and large offices, primary and secondary schools, hospitals, ware houses
and high-rise apartment buildings.

Addendum x: This addendum reduces the building size threshold where automatic lighting shutoff is required from
5000sqft to any size. The addendum adds the following space types to those where occupancy sensor control is
required. These include lecture halls, training rooms, supply and storage rooms (up to 1000sqft), office spaces (up to
250sqft), restrooms, dressing rooms, locker rooms, and fitting rooms. Modifications are made to Section 9.1.2,
9.4.1.1 and 9.4.1.2 of the ASHRAE 90.1 2010 code. The addendum affects all the building types.

Addendum aa: Requires automatic shutoff controls to be manual on except in certain spaces which include public
corridors, stairwells, restrooms, primary building entrances, and areas where manual would endanger safety.
Modifications are proposed to Section 9.4 of the ASHRAE 90.11 2010 code. This addendum affects office
buildings.

Addendum ab: The addendum defines top lit and side lit daylight spaces over a certain size and adds daylighting
requirements. The addendum modifies section 9.4.1.4 by reducing the minimum required combined day lit area
under skylights to 4000sgft from 5000sqgft. Addendum ab also introduces automatic dimming controls for side lit
spaces, where the combined primary side lit area exceeds 1,000 ft2.Modifications are made to section 5.5.4.4.2,
9.4.1.3 and 9.4.1.4 of the ASHRAE 90.1 2010 code. This addendum affects medium and large offices, standalone
retail, schools and warehouses.

Addendum ac: Inclusion of control factors. Control factors have been extended to other types of spaces when
automatic, as opposed to when manually operated controls are employed, using the assumption that automated
control systems give a similar performance irrespective of building type. The changes are implemented in section
9.1.4 and 9.6.2 as well as Table 9.6.2 of the ASHRAE 90.1 2010 code.

Addendum aj: This addendum updates motor efficiency tables for motors that are rated 1hp or larger. The changes
are implemented in Section 10.4 and Table 10.8 of the ASHRAE 90.1 2010 standard. The changes affect all the
building types.

Addendum al: The addendum requires skylights in spaces 10,000sqgft and larger. Changes have been incorporated
in Section 5.5.4.2.2 and 5.5.4.2.3 of the ASHRAE 90.1 2010 standard. The addendum affects standalone retail,
secondary schools and warehouses.

Addendum ar: This addendum corrects an oversight in previous versions of the code where expanded exterior
lighting power limits were put in place but the details of how to calculate the installed power and compare it to the
limits was not included. Changes are presented in Section 9.1.3, 9.1.4 and 9.4.5 of ASHRAE 90.1 2010 code.

Addendum av: This proposed addendum modifies the requirements of section 9.1.2 Lighting Alterations. The
requirements are changed to require that in all spaces that alterations take place that all requirements of section 9 are
met not just the LPD requirements. The exception has been changed so that the LPD requirements of the Standard
are met in the altered space if less than 10% of luminaires replaced. All new controls must meet the specific control
of the section. Changes are reported in Section 9.1.2 of the code.

Addendum aw: Section 9.4.1.4 requires a master lighting control at the point of entry/exit for all permanently
installed luminaries and switched receptacles in hotel and motel guest rooms and guest suites. This addendum
modifies this requirement to allow multiple control devices that collectively control all permanently installed
luminaires except those in the bathrooms. The bathrooms are required to have a separate control device capable of
turning off the bathroom lighting, except night lighting not exceeding 5 W, within 60 minutes of an occupant
leaving the space. The changes affect small and large hotel prototypes.
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Addendum ay: The addendum changes the current specifications for the application of space LPDs. The LPDs are
now based on spaces surrounded by ceiling height partitions or walls only requiring the users to identify spaces by
function. Changes are presented in the revised versions of Section 9.6.1 of the ASHRAE 90.1 2010 code.

Addendum bp: This addendum allows the use of control that provides automatic 50% auto on with the capability to
manually activate the remaining 50% and has full auto-off. This type of control was excluded from use in the
existing language and only full manual on was allowed. Recent provided test case data shows that this control can
save approximately 6% more of the lighting that is required to be occupancy sensor controlled. The changes are
specified in Section 9.4 of the code.

Addendum bg: The addendum reduces the additional lighting power allowance for retail display. The addendum
reduces the display lighting LPD allowances for the four sales area categories introduced in 90.1 2007. This includes
the use of high performance T8s. The changes affect strip malls.

Addendum br: This adds an exterior zone 0 to cover very low light requirement areas. This will help eliminate
excessive use of light in areas where none is needed other that for location marking type. The changes are provided
in Table 9.4.5 and Table 9.4.6 of the ASHRAE 90.1 2010 code.

Addendum bs: This addendum requires noncritical receptacle loads to be automatically controlled based on
occupancy and scheduling. This new requirement will provide the means for non-critical receptacle loads to be
automatically controlled (turned off) based on occupancy or scheduling without additional individual desk top or
similar controllers. The changes are presented in Section 8.4.2 of the 90.1 2010 code. These changes affect all the
building types.

Addendum by: The addendum makes major changes in LPD allowances. The changes are implemented in Tables
9.5.1, 9.6.1 and Section 9.6.3 of the ASHRAE 90.1 2010 code. The changes impact all building types.

Addendum cd: The addendum requires exterior lighting control rather than just control capabilities. The addendum
also adds bi-level control for general all night applications such as parking lots to reduce lighting when not needed.
Furthermore, the changes add control of fagade and landscape lighting not needed after midnight. These changes are
presented in section 9.4.1.3 and section 9.4.5 of the code. These changes affect offices, retail buildings, schools,
warehouses and restaurants.

Addendum ce: This additional control requires that all spaces (unless exempted) have multilevel control capability
(also commonly known as bi-level switching). Modifications are made to Section 9.4.1.2 of the ASHRAE 90.1 2010
code.

Addendum cf: This addendum requires stairwell lighting to be controlled automatically using control devices such
that the lighting power is reduced by at least 50% within 30 minutes of all occupants leaving the controlled zone.
Stairwell lighting under 90.1-2010 has a lighting power allowance of 0.6 W/ft2. The changes are presented in
Section 9.4.1.4 of the ASHRAE 90.1 2010 code. The changes affect all the building types except quick service
restaurants.

Addendum cn: This change adds two versions of a combined advanced control to the control incentives table.
These control system combinations involve personal workstation control and workstation-specific occupancy
sensors for open office applications. The control incentive will apply only to particular controls when they are
applied in open office areas. Modifications are made to Table 9.6.2 of the code.

Addendum ct: Requires daylight sensor control for side lit spaces 250 sq ft or larger. The changes are presented in
Section 9.4.1.3 of the ASHRAE 90.1 2010 standard. The changes affect offices, schools, healthcare buildings,
hotels, warehouses and restaurants.

Addendum cv: This addendum adds energy efficiency requirements for service water pressure booster systems.
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Addendum cz: This change incorporates bi-level control for parking garages to reduce the wasted energy associated
with unoccupied periods for many garages and allows an exception for lighting in the transition areas to
accommodate IES recommendations.

Addendum dc: The conditions and common practice that existed to create the need for this requirement on tandem
wiring are no longer practiced primarily with the new federal efficacy requirements and products available on the
market.

Addendum dd: The addendum reduces the area threshold where skylights are required to be designed into building
spaces down to 5000sqft and similarly reduces the threshold where daylighting controls must be applied to 900sgft.
The changes are presented in Section 5.5.4.2.2, 5.5.4.2.3, 9.4.1.4 and Table 9.6.2 of the ASHRAE 90.1 2010 code.
The changes affect primary schools and warehouses.

Addendum de: Reduces lighting power allowance for some lobbies to reflect advances in lighting technologies.
The changes are presented in Table 9.6.1 of the ASHRAE 90.1 2010 code. The changes affect office buildings,
schools, healthcare buildings, and small hotels.

Addendum df: The addendum adds requirements for elevator ventilation and lighting. The changes are
implemented in Section 10.4.3 of the ASHRAE 90.1 2010 standard. The changes affect medium and large offices,
secondary schools, healthcare buildings, hotels and apartment buildings.

Addendum do: This addendum attempts to clearly establish the goals and requirements of the lighting system
including controls and to ensure that the owner is provided all information necessary to best use and maintain the
lighting systems.

Addendum dr: The original purpose for this provision was to limit the use of inefficient lighting sources for high
wattage applications when there was not a comprehensive table od exterior LPD limits. With the table of
requirements now in 2007 and beyond versions of the standard, the need for this limit is superseded.

Addendum dg: This addendum modifies the calculations found in Appendix C in order to reflect modifications to
the modeling assumptions in the equations.

Addendums out for public review:

"by" LPDs

"dd" Toplighting change to 900 sq ft

"dc" remove Tandem wiring

""cz" Parking garage control + exception
"cu" Nighttime emergency lighting control
"ct" daylighting change to 250 sq ft

""cs" receptacle control refinements

"cn" advanced lighting control

"cf" stairway lighting control

"ce" multi-level control

"cd" exterior control

"bz" electrical monitoring

"cx" 40% allowance - Working group is formed and meeting

5.2.2.4  From the Energy Cost Budget Subcommittee and Appendix G of the code (Section 11)

Addendum ai: This addendum is intended to reduce the inequities typically associated with modeling district
cooling systems per the requirements of Appendix G of ASHRAE/IESNA Standard 90.1-2007. For a fair
comparison of district cooling systems, the addendum requires a baseline that also uses purchased chilled water.
This addendum details the modifications that are made to the baseline HVAC system when purchased chilled water
or heat are included. The changes are presented in Section G3.1.1.1 — G3.1.1.3 of the ASHRAE 90.1 2010 code.
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Addendum bj: This adds an exception within Appendix G that allows users to claim energy cost savings credit for
the increases ventilation effectiveness of certain HVAC system designs. The best example is a displacement
ventilation system. The changes are proposed in Section G 3.1.2.5 of the ASHRAE 90.1 2010 code.

Addendum cr: The definition for an unmet load hour is currently lacking a throttling range or limit to the setpoint.
It was decided that the baseline and proposed shall have the same thermostat throttling range. This required
additional language in the unmet load hour definition as to how throttling range effects determination of an unmet
hour along with additional language in Table 11.3.1 and Table G3.1, design model sections.

It was also discussed to remove the requirement that the proposed unmet hours be no more than 50 greater
than baseline unmet hours. Several LEED reviewers commented that they had required an analysis to be modified to
meet the 50 hour limit, which proved very difficult to do, and resulted in no appreciable differences in the results, as
long as the 300 hour total limit on loads not met was not violated. It appears to be a burdensome requirement that
does not result in a better or more accurate accounting of savings. Section 11.3.2i was revised to require both the
proposed and baseline unmet hours be no greater than 300 in both the baseline and proposed. This is the same
language used for unmet hours in Appendix G.

Lastly it was decided to remove the language allowing modification of the system coil capacities to reduce
unmet hours as needed. The consensus of the ECB subcommittee and of other modelers was that loads not being met
were almost never a result of undersized equipment, but rather some other fundamental flaw in the model.

Addendum cw: These changes address corrections and clarifications necessary to Section 11, Table 11.3.1 and
Section 11 Service Water Systems.

Addendum da: The intent of this addendum is to establish that the Appendix G baseline shall be based on the
minimum ventilation requirements required by local codes or a rating authority and not the proposed design
ventilation rates. The changes are specified in Section G3.1.2.5 exception ¢ of the ASHRAE 90.1 2010 code.

Addendum db: This addendum modifies supply air to room air temperature difference for laboratories and the fan
power requirements in appendix G section of the code. Changes are implemented in Section G3.1.2 of the code.

Addendum dg: This addendum adds a definition for the term field fabricated used in Section 5.4.3.2, which is
similar to the definition in California’s Title 24. This change also modifies Table G3.1 of the ASHRAE 90.1 2010
code.

Addendum dn: This addendum modifies the efficiencies of variable refrigerant flow equipment. This change is
specified in Section G3.1.1 of the ASHRAE 90.1 2010 code.

5.3  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 2010, the Laboratory redesigned its website
to make navigation easier. On the navigation bar is a tab that links to the TERP homepage (Figure 116). The
homepage contains the following items:

o Definition of the Texas Emissions Reduction Plan
e  Texas Work
0 TERP Objectives
0 TERP Elements
0 ESL’s TERP Responsibilities
0 Linksto
= Texas Legislative Testimony by the ESL
= TERP Legislative History
e National Work
o National Center of Excellence on Displaced Emission Reductions (CEDER)
o Linksto
= CEDER Program
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= EPA Recognizes ESL and Dallas Partners
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Laboratory ¥ Confer

Texas Emissions Reduction Plan

The Energy Systems Laboratory has a group 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).
TERP Objectives

@ Ensure that air in Texas meets the Federal Clean Air Act requirements (US EPA Page)
@ Reduce Nitrous Oxides (aka NOx) emissions in non-atiair tair
and voluntary programs, including the

t and near-nan-i

t counties through mandatory
ation of energy efficiency and 1

ble energy p (EE/RE)

TERP Elements
A diesel emissions reduction incentive program
A motor vehicle purchase or lease incentive program
Anew 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

A goal of 5% per year reduction in electrical consumption for facilities of political subdivisions in non-attainment and
near-non-attainment counties from 2002 through 2008

ESL's TERP Responsibilities

Assisting communities evaluate and quantify above code amendments to the International Residential Code (IRC) and
the International Energy Conservation Code (IECC), which define the minimum energy efficiency standards for the
State of Texas.

Training builders, code inspectors, code officials, manufacturers, homeowners and other interested groups on how to
cost effectively implement the energy efficiency standards of the codes.

Developing a self-certification form for builders outside of municipalities.

Evaluating Home Energy Rating Software (HERS) packages. The Laboratory will evaluate HERS offerings and assist
in defining changes required for the State of Texas.

Reporting annually to the Texas Commission on Environmental Quality (TCEQ) the energy savings (and resultant
emissions reduction) from implementation of building energy codes and to identify the municipalities and counties
whose codes are more or less stringent than the un-amended code.

Participating in an annual evaluation by the Public Utility Commission of Texas (PUCT) of the emission reductions
resulting fram utility-sponsored programs established under Senate Bill 5 and utility d programs
under the electric utility restructuring act (Section 39.905 Utilities Code)

See these pages for more information:
e Texas Legislative Testimon the ESL
¢ TERP | egislative History

National Work

National Center of Excellence on Displaced Emission Reductions (CEDER)

The US EPA has established a National Center of Excellence on Displaced Emission Reductions (CEDER) at the Energy
Systems Laboratory to research and gather the state-ofthe-art on air pollution quantification techniques for Energy
Efficiency / Renewable Energy (EE/RE) projects. measures.

See these pages for more information:

& More on the CEDER program.
e EPA recognizes ESL and Dallas Partners

Tii® |

Figure 116: TERP Home Page
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sponsored by SECO
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The TERP tab also contains a dropdown menu which provides links to the following sections (Figure 117):
e Code Compliance Calculator

o 1IC3
= Help and Support — contains 1C3 Help Resources including
e Supplemental Release Notes
e What’s New in this Version?
e Manual
o Detailed Release Notes for current release of I1C3
e Aggregate Reports from IC3 — Location, parameters and maps.
e Contact information
e RESNET Certification Resources
= News — includes information about improvements and fixes to 1C3
= Workshops — description of IC3 Workshops, including contact information
=  FAQs
= |C3 Reports — contains data from ESL’s research and software projects
e IC3 - Registry House Parameters (updated monthly)

o Envelope
0 Systems
0 Mixed
e Texas Building Registry Demographics
o Texas
o Counties
o Cities

0 TCV (Travis County & Austin)
e Weather Data
o TCV
= Help & Support — contains TCV Help & Support and contact information
= News - includes TCV News including
e What’s New in Version 1.1
e What is the Difference between TCV v1.1 and IC3 v3.x?
=  FAQs
o Credits

e Letters and Reports

0 Legislative Documents
0 Builders Information
o EPA/CEDER Work
= Background
= Reports provided to US EPA as part of CEDER Program
0 Reports — listed by year from 2002-2010

0 Legislative Testimony
0 Legislative Documents
0 Legislative History

e TERP Data Sets
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Weather Data
Texas Building Registry
= |C3/TCV Usage Reports
= |C3 House Construction Trends

e TERP Links

@]

O OO0 O0OO0OO0OO0OO0OO0oOOoOOo

eCalc Emissions & Energy Calculator

International Code Compliance Calculator (ICCC)

Public Utility Commission of Texas (PUC)

U.S. Department of Energy (DOE)

Texas State 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 (NCTCOGQG)
Alamo Area Council of Governments (AACOG)

Circle of Ten

Texas Home Energy Rating Organization (TXHERO)

e  Other Publications

O O O

Builders Information

Digital Library

Presentations

Proceedings
= Air Quality (CATEE)
= Hot & Humid

= |IBPSA
= |CEBO
= |ETC
o  Workshops

o IC3

0 |ECC Residential

o |ECC Commercial

0 ASHRAE
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5.3.1  Provide 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 complete file of these transactions is maintained
at the Laboratory.

5.3.2  Delivered “Statewide Air Emissions Calculations from Wind and Other Renewables:
Summary Report January 2010 — December 2010,” to the Texas Commission on
Environmental Quality in August 2010, revised November 2009 (Figure 47)

The Energy Systems Laboratory, in fulfillment of its responsibilities under this Legislation, submits its third 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  Supporting Documentation;
e Supporting data files, including weather data, and wind production data, which have been assembled as part
of the third year’s effort.

The executive summary provides summaries of the key areas of accomplishment this year, including:
o Continuation of stakeholder’s meetings;
e  Analysis of power generation from wind farms using improved method and 2006 data;
e  Analysis of emissions reduction from wind farms;
e Updates on degradation analysis;
o Analysis of other renewables, including: PV, solar thermal, hydroelectric, geothermal and landfill gas;
e Review of electricity generation by renewable sources and transmission planning study reported by
ERCOT;
e Review of combined heat and power projects in Texas; and
e  Preliminary reporting of NOx emissions savings in the 2007 Integrated Savings report to the TCEQ.

5.3.2.1  Analysis of wind farms using improved method and 2010 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 2007 measurement period, together with
wind data from the nearby NOAA weather stations. In the 2008 Wind and Renewables report to the TCEQ (Haberl
et al. 2008), weather normalization analysis methods were reviewed. An analysis was shown for the Sweetwater |
wind farm in Nolan, Texas, and then applied to all the wind farms in the ERCOT region.

The wind farm (Sweetwater 111) was used as an example in this report to present the same weather normalization
procedure, including 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 Days period (OSP), from July 15 to September 15, and Non-Ozone

Season days period (Non-OSP); prediction of 1999 wind power generation using developed coefficients from 2007
daily OSP and Non-OSP models; and the analysis on monthly capacity factors generated using the models.

Then, a summary of total predicted wind power production in the base year (1999) for all of the wind farms in the
ERCOT region using the developed procedure was presented and the new wind farms which started operation in
2007 were added. The total measured wind power generation in 2007 was 8,752,498 MWh, which is 17% less than
what the same wind farms would have produced in 1999. The measured wind power generation in the OSP of 2007
was 20,094 MWh/day, which is 25% lower than the estimated 1999 OSD wind 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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5.3.2.2  Analysis of emissions reductions from wind farms

In this report, the procedure for calculating annual and peak-day, county-wide NOx reductions from electricity
savings from wind projects implemented in the Power Control Areas in ERCOT listed in the

EPA’s eGRID was presented, including assigning the wind farms to PCA based on the information provided by the
PUCT, and calculating the NOx emission reductions based on the special version of 2007 eGRID developed by the
EPA for the TCEQ. According to the developed models, the total MWh savings in the base year 1999 for the wind
farms within the ERCOT region were10,226,401 MWh and 25,152 MWh/day in the Ozone Season Period. The total
NOx emissions reductions across all the counties amount to 6,051 tons/yr and 15 tons/day for the Ozone Season
Period.

The ESL has been working with the EPA and TCEQ regarding a new version of eGRID for all ERCOT counties in
Texas. A new version of eGRID was developed and presented in this report, which is based on the ERCOT
congestion management zones. As the TCEQ moves the base year to more recent years, this updated version of
eGRID, representing the current Texas market, may be used to estimate the emissions reduction from wind power in
the next year’s report.

5.3.2.3  Preliminary reporting of NOx emissions savings in the 2008 Integrated Savings report to TCEQ

In this report, the NOx emissions savings from the energy-efficiency programs from multiple Texas State
Agencies working under Senate Bill 5 and Senate Bill 7 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 cumulative savings estimates from all projects projected through 2020 for both the annual and
Ozone Season Day (OSD) NOx reductions. The NOx emissions reduction from all these programs were calculated
using estimated emissions factors for 2007 from the US Environmental Protection Agency (US EPA) eGRID
database, which had been specially prepared for this purpose.

5.3.2.4  Development of a degradation analysis

This report contains an updated analysis to determine what amounts of degradation could be observed in the
measured power from Texas wind farms. Currently, the TCEQ uses a very conservative 5% degradation per year for
the power output from a wind farm when making future projections from existing wind farms.

Accordingly, the TCEQ asked the ESL to evaluate any observed degradation from the measured data for

Texas wind farms. To accomplish this, nine wind farms (12 sites) from 2002 to 2007 and two wind farms

(Brazos wind ranch and Sweetwater) from 2004 to 2007 were evaluated with a total capacity of 1208 MW.

In this analysis, a sliding statistical index was established for each site that uses 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 are 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.

Of the 14 sites analyzed, ten sites showed an increase when one compares the 90th percentile of whole period to the
90th percentile of the first 12-month period, ranging from 3.5% to 23.7%. The remaining four sites showed a
decrease from -3.2% to -18.1%. The weighted average of this increase across all wind farms studied is 8.7%
(positive), which indicates that no degradation was observed from the aggregate energy production from these wind
farms over the studied operation period.

5.3.25  Analysis of other renewable sources

Other renewable energy projects throughout the state of Texas were located to determine NOx emissions reduction
and are included in this section. Searches were conducted on five specific categories which include solar
photovoltaic, solar thermal, geothermal, hydroelectric, and Landfill Gas-Fired Power Plants. Many newly located
renewable energy projects are assembled for inclusion in this report.
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5.3.2.6  Review of electricity savings and transmission planning study reported by ERCOT

In this report, the information posted on ERCOT’s Renewable Energy Credit Program site
www.texasrenewables.com is 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 2008
reports to the Legislature and information from ERCOT’s listing of REC generators.

5.3.2.7  Review of Combined Heat and Power Projects in Texas

A summary of all the Combined Heat and Power (CHP) applications in Texas and analysis on how it can impact the
NOx emissions was provided in this section. As of 2007, 16,829 MW of CHP technologies were integrated into
infrastructure served by the Texas electrical grid according to the database maintained by the DOE and Oak Ridge
National Laboratory.
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Figure 118: Cover Page of "Energy Efficiency/Renewable Energy Impact in the Texas Emissions Reduction Plan
(TERP)," Revised November 2009
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5.3.3  Technical Assistance

The Laboratory provides technical assistance to the TCEQ, the PUC, SECO and ERCOT, as well as Stakeholders
participating in a number of conferences and presentations. In 2009, 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, and 2010 by the Laboratory, PUC, SECO, and Wind-ERCOT.

The Laboratory has also enhanced the previously developed emissions calculator by: expanding the capabilities to
include all counties in ERCOT, including the collection and assembly of weather from 1999 to the present from 17
NOAA weather stations, and enhancing the underlying computer platform for the calculator.

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.
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Table 1: 2000/2001 IECC Performance Path vs. 2009 TECC Performance Path

Total Annual Savings of the IECC 2009
Performance Path
IECC 2009 o~ compared to the IECC 2000/2001 (%)*
S Weather Zones Bocrey ype . Heat Pump
Gas Heating, . :
DITW Heating, Electric
DHW
Site 10.9 % 10.9%
HAR 2A
Houston (HAR] Source 11.9% 10.9%
. Site 16.4 % 13.6%
Brownsville (CAM) 2B Source 51 % 3.6%
Site 12.8 % 10.8 %
3A
Dallas (TAR) Source 123 % 10.8 %
Site 10.2 % 10.0%
Bl Tapos(ELE) 3B Source 112% 10.0%
Site 16.0 % 14.6 %
A illo (ARM 4B
marille (ARM) Source 16.7 % 14.6 %

*Base-case Simulation Assumptions: Analysis used single-family house, 2,500 ft%, single story, four bedrooms, slab-on-
grade, ducts in the unconditioned, ventilated attic, window-to-floor ratio: 18% for 2000/2001, 15% for 2009, windows
equally distributed (N.E,S, W), and no exterior shading. HVAC Distribution efficiency: 0.8 for 2000/2001, 0.88 for
2009. All other roof, wall and window parameters as per 2000/2001 and 2009 IECC for county shown (IC3 ver.
3.03.02).

**Source Energy Consumption:. A factor of 3.16 was used to calculate the source electricity consumption. A factor of
1.1 was used to calculate source gas energy consumption.

Table 2: 2000/2001 IECC Performance Path vs. 2009 IECC Prescriptive Path

Total Annual Savings of the IECC 2009
Prescriptive Path
TECC 2009 45 compared to the IECC 2000/2001 (%6)*
-y Weather Zones lneey fype : Heat Pump
Gas Heating, . :
DHEW Heating, Electric
DHW
Site 7.8 % 8.7%
Houston (HAR 2A
uston (KR Source 91% 8.7 %
. Site 143 % 11.6%
Brownsville (CAM) 2B r— B.0% 6%
Site 9.6 % 8.6%
Dallas (TAR 3A
Al Source 06 % 8.6 %
Site 7.0 % 8.3%
El Paso (ELP) 3B Source R0 0% 23%%
) Site 10.7% 11.9%
Amarillo (ARM) 4B Source 131 % 11.0%

*Base-case Simulation Assumptions: Analysis used single-family house, 2,500 ft?, single story, four bedrooms, slab-on-
grade, ducts in the unconditioned, ventilated attic, window-to-floor ratio: 18% for 2000/2001, 15% for 2009, windows
equally distributed (NLE,S, W), and no exterior shading. HVAC Distribution efficiency: 0.8 for 2000/2001; for

2009 IECC, HVAC distribution efficiency simulated using R8 insulation for supply, R6 for return ducts and total duct
leakage of 11% to outdoor. All other roof, wall and window parameters as per 2000/2001 and 2009 TECC for county
shown (IC3 ver. 3.03.02).

**Source Energy Consumption: A factor of 3.16 was used to calculate the source electricity consumption. A factor of
1.1 was used to calculate source gas energy consumption.
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Table 3: 2000/2001 IECC Performance Path vs. Chapter 11 of the 20092 TRC Prescriptive Path

Total Annual Savings of the IRC 2009
compared to the IECC 2000/2001 (%o)*

IECC 2009 o
County Weather Zones Energy Type Gas Heating, Heat Pump
DHW Heating, Electric

DHW

Site 7.7 % 77 %

Einuston (FIAE) 24 Source 83 % 77%
) Site 13.7 % 10.4 %
. . = Source 11.8 % 10.4 %
- Site 0.0 % 78 %

Dallas (TAR) 3A Source 9.0 % 7.8 %

, Site 71 % 71 %

K Exni(HLE) 2B Source 7.9% 7.1 %

) Site 10.7 % 11.9%
Amavillo GARND R Source 13.1 % 11.9 %

*Base-case Simulation Assumptions: Analysis used single-family house, 2,500 ft%, single story, four bedrooms, slab-on-
grade, ducts in the unconditioned, ventilated attic, window-to-floor ratio: 18% for 2000/2001, 15% for 2009 IRC,
windows equally distributed (N E,S W), and no exterior shading. HVAC Distribution efficiency: 0.8 for 2000/2001; for
2000 IRC, HVAC distribution efficiency simulated using B8 insulation for supply, R6 for return duets and total duct
leakage of 11% to outdoor. All other roof, wall and window parameters as per 2000/2001 and 2009 IRC for county

shown (IC3 ver. 3.03.02).

**Source Energy Consumption:. A factor of 3.16 was used to calculate the source electricity consumption. A factor of
1.1 was used to calculate source gas energy consumption.
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In August of 2010, Dr. Jeff Haberl made three presentations at the SimBuild Conference in New York.
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Energy Reductions = Emission Reductions

eCalc was asynchronous web-based calculator that emailed results to
user.

2010 TERP Report, Vol. Il pg. 162
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IC3 Example Run
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Summary

+ Web-based, code-compliant 2001-2009
IECC residential simulation developed for
Texas.

+ Software, database platforms, web
application and legacy software described.

+ Example session presented.

+ Tool is currently in use by builders in Texas
to check code compliance of new residential
construction.

« Additional information can be found at the

Laboratory's web site www esl tamu.edu
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The second presentation was based on a web-based calculator for residential.
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Energy Reductions = Emission Reductions
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Energy Reductions = Emission Reductions  Energy Reductions = Emission Reductions

2004 - Developed eCalc to help quantify NOx emissions reductions eCalcwas asynchronous web-based calculator that emailed results to
from buildings, municipal, renewables user.
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Energy Reductions = Emission Reductions

* Requires
17 TMY?2
weather
locations for
Texas

» Also uses
rneasurad
weather data
from from
1999 through
2008 for NOx
emissions
calculations

ﬁ Erery Sy ems Lok 2010
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DOE-2 Desktop Processor (DDP)
Spreadsheet-based Simulation

+ Used internally by the Laboratory for checking code
amendments from municipalities.

+ Used for calculating above code options.

Available Weather Rles
& Weather Station

. IR IR P T T N ST R

DOE-2 Desktop Processor (DDP) and DOE-2 Desktop Processor (DDP)
Example Input Spreadsheet Spreadsheet-based Simulation

* Uses a flexible, single-family BDL input file. * Allows for traceable analysis using DOE-2
* Runs DOE-2.1e simulation for each row of the simulations for any location in Texas

files.

spreadsheetvia DOE-2 INCLUDE & weather * Documentation automatically provided with DDP

TR
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IC3 Architecture

s Uses Microsoft NET & IS v 6.0

» Software groups:

- Views
+ HTML
+ Java

— Business & code rules
+ C#, SOL server
+ Range checking
+ Prints Cerfificate
+ Calculates emissions ‘

s 50+ concurrent users
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[ Login |
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IC3 Deployment

+ Deployed — 2 projects
- TCV
-1C3
+ Uses 3 server groups
- Production
- Testing
- Development
Work Queue/Servers
- Shares art work
- Shares databases
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IC3 Example Run
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IC3 Example Run
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IC3 Example Run
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IC3 Example Run
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IC3 Example Run
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IC3 Example Run
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IC3 On-line Documentation Summary
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The third presentation was a comparison of three RESNET-certified, code-compliant simulation programs.

OUTLINE
GOING BEYOND A RESNET CERTIFICATION FOR
CODE-COMPLIANT SIMULATIONS:A 2 Introduction
COMPARISON OF DETAILED RESULTS OF THREE
RESNET-CERTIFIED, CODE-COMPLIANT = Methodology

RESIDENTIAL SIMULATION PROGRAMS
+ Proposed/Standard Reference House

21 Liu, Hyojin Kim, Mini Malhoura,
Jaya Mukhopadhyay, Juan-Carlos Baltazar, « Comparison of Simulation Results
Jedf Haberl, Charles Culp, Bahman Yazdani, Cynthia Mantgamery

= Summary
Energy Systems Laboratory. Texas ASM University
August 2010
By B i, 300 v Gt w31, ' v
INTRODUCTION INTRODUCTION
RESNET Certification

N.‘;?I:‘lgr e %&Ef HERS BESTEST (Judkoff and

2|ECC Code Reference Home auto-generation tests,
1 HVAC tests

4 Duct distribution system efficiency tests,

s.Hot water system performance tests

e e
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INTRODUCTION METHODOLOGY u " D
. Comparison: Significant differences in results still - Proposed House: -
| remain for the RESNET Certified Software

l 2500 sq. ft., square-shaped, single-story, single-family, detached
house facing south.
2 Floor.ta-ceiling height of & feer., light-weight wood frame with
1x4" studs at 16" on center for wall, Slab-on.grade-floor

|.Energy Gauge® USA version 2.8 1 Ceiling insulation of 30, wall insulation of R13
4 Windew to floor ratio of 12.8%
3&@&','?3'““'0"“ Code Compliance Calculator (IC3) s Fenestration: U factor of 0.47 Beu/hr-sq.ft.°F and solar heat gain

coefficient (SHGC) of 0.4

3.REM/Rate REM/Design version 12.7. 4. Fixed internal gain of 3000Btu/hr per IECC 2000
i Specific leakage area of 0.00057

[ HVAC system and ductwork in attic

"

Space temperature set points: 88 F for heating, 78 F for cooling,
5 F sot-backiup

1o SEER 13 and AFUE B0%

11 EF of 0.54 for water heater

- -~ L ... L
METHODOLOGY METHODOLOGY
" Differences in Pr | House for Three Difference in Proposed House for Three Software:
Software: = # of Bedroom
1C3 and Software-2: 4,
I. Where feware did not have the ti h . -
others, the closest valties In these programs were ued. o/ Bafwary L0

IC3: 1500;  Software -2: 1434

., 1C3 and software-2 using 20% tile and 80% carpet. Software-1: 1548

&
Safrware-| using 100% carpet because the detailed option
Is not available.

st Eubvalent L-valua for Calling
163 0.033; Software 2. 0,03
Software-1: 0.034

2, Major difference in three software:
Mo of bedrooms and no of people settings.
HDD&S values

Equivalent U-values of the cellings and walls Equivalent U-value for Well
IC3: 0.078; Software 2 0.086
Software-1: 0.099

e

—— @
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B b o 5%

METHODOLOGY

1000 IECC Standard Reference House
Houston and Dallas respectively

18% window to floor ratio

ree prog imulate the house
differently, including the shape of the house, the framing
factor, the window frame. the HVAC system size, the ducts,
and the internal gains, ete.

METHODOLOGY
Difference in Standard Reference House for Three Software:

FRoof Framing Factor:
C3: 7%  Software-2: 10%  Software-1: N/A

Ceiling . i U Value:
C3:0.033 Software-2: 0.042 Software-1:
1

Wall Insulation/Equivalent U Valus:

1C3: R11/0.085 Software-2: 8.42/0.085
Software-1.0.212

‘Solar Aborptance:

IC3: 0.55 Software-2:0.5 Software-1-N/A
Dnor Oriantation:

1C3: 2 doors (S&N) Software-2: 8 amall doors

= .o Window Frame.

- - . 1G3: Alumninum w/o break Software-Z; Vimd
=1y Window Orientation:

= IC3:4 Software-2: 8 sunwum::n.t. .

METHODOLOGY
. Difference in Standard Reference House for Three Software:

System Sizing:
A7 \C3: Same as Proposed House  Software-2:

Different than Proposed House
/Duct Insulation and lecation:

1C3: RE/RA, In attic, using duct modsl
Software-2: R6/RE. leated Interior. using.
B0% dist. efficiency Software-1: RE/R4

DHW Use par Day

IC3: TOGal Software-2: 30 Gal Software-
LNfA

DHW EF

1C3: 0.54 Software-2: 0.59. Software-1: N/A
Intemal Gains:

IC3: Same as Proposed House, 0.44 kW for
lignting and 0,44 kW for equipment. Software-
2: Different than Proposed House, 15T KW
tatal for lighting and squipmant L)

Comparison Results
- The Proposed House in Houston:

1 1€3 :74.5 MMBtulyr, almost the same as the
Software-2 result of 74.6 MMBeu.

2. Software-1:84.3 MMBrtulyr, 13% higher than the
total annual energy use of IC3 and Software-2.
Standard Reference House in H

1. 1€3: 77.7 MMBtulyr, 8% higher than Software-2
1. Software-2:71.7 MMBtulyr
3. Software-1:90.9 MMBtulyr, 17% higher than IC3

L
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Comparison Results

The Proposed House in Houston:

1

£

oy o, £

Comparison Results

' Code Compliance Results (Houston):

1C3 : 4% above 2000 IECC
Software-2: 7% above 2000 IECC after

adjustment

Software-1:7.3% above 2000 [ECC.

Code Compliance Results (Dallas)

IC3 : 1% above 2000 IECC
Software-2: 4% above 2000 IECC after
adjustment

Software-|:6.6% above 2000 IECC
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Comparison Results
Analysis of Difference:

Il Low energy use of the
reference house 2
was due to an adjustment in the
bedroom input.

1 Low daily hot water usage in
the standard reference house
(Software 2) was calculated to

be 30 gallon per day, which is »

much less than that of the :

proposed house and the N =

standard reference house in IC3 e 0 CT)

and Software | (l.e., 70 e i

gallon/day). =1
3. The total energy use of the :EE-- 1-{

standard reference house
increases to 80.2 MMBtulyr
after the DHW adjustment. ) . -

B St 45

Comparison Results

The Proposed House in Dallas: —

L ‘ e
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Additional analysis

Additional analysis
Sensitivity Analysis for the Three Software:
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Summary

| Significant differences can exist between the RESNET
hCer(iﬁ&d tools when testing the same proposed

ouse.

1 Although the proposed house simulation showed very
close results fgr two of the program, it did not assure
consistent code-compliance ratings between the three
programs.

3 The difference in interpreting the 2000 IECC code,
the auto-generation mechanism between the
pl'ormsedghouse and standard reference house. and
other unknown assumptions for the other softwares,

4 Add | analysis, including Yy Tests on
important parameters for each program, may be
g_e;,ded to help identify pessible reasons for these

ifferences
. ®-
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5.3.4  Presented four papers at the 2010 ICEBO Conference in Safat, Kuwait, October
2010

Four papers were prepared and presented at the 2010 ICEBO conference in Safat, Kuwait in October 2010. Copies
of these papers have been posted on the Laboratory’s TERP web page. Titles and abstracts for each of the papers are
as follows.

e Kim, S.; Haberl, J. 2010 “Application of an ASHRAE 152-2004 Duct Model for Simulating Code-
Compliant 2000/2001 IECC Residences,” Proceedings of the Tenth International Conference for Enhanced
Building Operations, Safat, Kuwait, October 26-28, 2010

This paper traces the results of the application of the duct model based on ASHRAE 152-2004 — Method of Test for
Determining the Design and Seasonal Efficiencies of Residential Thermal Distribution Systems (ASHRAE 2004) to
the code-compliant 2001 International Energy Conservation Code (IECC) (IECC 1999, 2001) using DOE-2.1e
building energy simulation program.

Code compliant DOE-2 simulation model was developed based on IECC and the duct model (Kim and Haberl,
2008) was applied to the IECC-code compliant model. Then, the efficiency analyses of the IECC-compliant
simulation model were performed on: 1) duct properties, and 2) the different locations of HVAC system and
ductwork including the attic space and conditioned space based on the different climate zones.

e Liu, J.; Baltazar, J-C.; Claridge, D. 2010 “Analysis of the Potential Energy Savings for 14 Office Buildings
with VAV Systems”, Proceedings of the Tenth International Conference for Enhanced Building
Operations, Safat, Kuwait, October 26-28, 2010.

At the beginning of an existing building commissioning (EBCx)/energy retrofit project, some form of screening is
usually applied to determine whether there is sufficient potential for savings to justify a formal EBCx
assessment/energy audit. In this study, an improved methodology for potential energy savings estimation from
EBCx/retrofit measures, based on Baltazar’s methodology (2006), is proposed to perform this type of screening.
The improvements are included on optimization parameters, pace load calculation, simulation of buildings with
multiple types of HVAC Systems, AHU shutdown simulation among others.

The improved methodology was used to estimate annual potential energy cost savings for 14 office buildings in
Austin, Texas with either single duct VAV (SDVAV) systems or dual duct (DDVAV) systems. The estimates were
based on very limited information about the buildings and the built-in HVAC systems as well as one year of uti8lity
bills. From this analysis the methodology has predicted an average total potential savings of 36% for SDVAV
systems with electric terminal reheat, 22% for SDVAV systems with hot water reset, and 25% for DDVAV systems.
To validate these results, the estimated potential savings are compared with savings proposed in respective EBCx
assessment reports. Based on the comparison of the report estimates and the potential savings with the improved
methodology, it was found that “generalized” factors of assessment predicted energy cost savings to estimated
potential energy cost savings could be found. The factors identified in these cases were 0.68, 0.66 and 0.61 for each
type of system — SDVAV wielectric reheat, SDVAV w/hot water reheat, and DDVAYV respectively.

e Baltazar, J.C., Haberl, J.; Liu, Z.; Mukhopadhyay, J.; Marshall, K.; Gilman, D.; Culp, C.; Yazdani, B.;
Lewis, C.; McKelvey, K.; Reid, V. 2010. “A Methodology for Calculating Integrated NOx Emissions
Reductions from Energy Efficiency and Renewable Energy (EE/RE) Programs across State Agencies in
Texas,” Proceedings of the Tenth International Conference for Enhanced Building Operations, Safat,
Kuwait, October 26-28, 2010.

This paper provides an update of the integrated NOx emissions reductions calculation procedures developed by the
Energy Systems Laboratory (ESL) for the State of Texas to satisfy the reporting requirements for Senate Bill 5 of
the Texas State Legislature. These procedures are used to report to the Texas Commission on Environmental
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Quality (TCEQ) from the state-wide energy efficiency and renewable energy-programs. These programs include:
the impact of code-compliant construction, Federal Buildings, furnace pilot light upgrades, the Texas Public
Commission (PUC), the energy efficiency programs managed by the Texas State Conservation Office (SECO),
electricity generated from wind power in the state and several additional statewide measures, including SEER 13 air

conditioner and pilot lights.

e Liu, Z.; Kim, H.; Mukhopadhyay, J.; Baltazar, J-C.; Haberl, J.; Culp, C.; Yazdani, B.; Montgomery, C.
2010. “Going Beyond a RESNET Certification for Code-Compliant Simulations: A Sensitivity Analysis of
Detailed Results of Three RESNET-Certified, Code-Compliant Residential Simulation Programs”,
Proceedings of the Tenth International Conference for Enhanced Building Operations, Safat, Kuwait,
October 26-28, 2010.

In many states, building code officials rely on certified, code-compliant simulations to determine whether or not a
residence satisfies the energy code requirements using a performance-path analysis. In the United States,
certification of residential code-compliant software is performed by the Residential Energy Services Network
(RESNET). Unfortunately, significant differences in results can exist when one compares the rating from one
certified software program to the next. This paper continues the exploration of some of these differences presented
in a previously published paper for an analysis of a code-compliant residence in Texas and presents a sensitivity
study using several of these RESNET-certified software in two locations in Texas.
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Calculated NOx Reduction Potential from Implementation of the 2000 IECC/IRC and ASHRAE Standard
90.1-1999

6.1 Calculated 2010 Electricity and Natural Gas Savings Due to the Implementation of the 2000 IECC/IRC
to New Residential Construction (Single-family and Multi-family) and the ASHRAE Standard 90.1-1999 to
New Commercial Construction Using Code-traceable, Fuel-Neutral Simulation.

A complete reporting of the savings from the implementation of the 2000 IECC/IRC and the ASHRAE Standard
90.1-1999 require tracking and analyzing savings to new construction and construction activity to existing buildings
that undergoes a building permit. Adoption of the 2000 IECC/IRC and the ASHRAE Standard 90.1-1999 are
expected to impact the following types of buildings:

single-family residential
multi-family residential
commercial buildings
industrial buildings

renewables

The following sections report calculations of the energy savings associated only with new construction activity in
new residences (i.e., single-family and multi-family), and commercial construction. Calculation of energy savings
adoption of the ASHRAE Standard 90.1-1999 in industrial building and renewables is currently under development
at the Laboratory, and will be reported in future reports.

6.1.1  IC3 Enhancements
No. 2009 Annual Report Volume 11 Proposed Changes
1 133 Enhanced the I1C3 calculator, Enhanced the I1C3 calculator,
Accomplishmen | which is energy code which is energy code compliance
ts since January | compliance software based software based on the Texas
2009 on the Texas Building Building Energy Performance
Energy Performance Standards by resolving minor
Standards by adding 3-story, defects found in the model,
multi-family model in the introducing new capability to add
calculator and extending the slab and floor insulation to IC3
code to include Houston interface, and updating manual
Amendments and 2009 and illustrations;
IECC,;
2 |37 - In 2010, IC3 developments
Technology for included:
Calculating and e Updated to v3.9 which
Verifying included enhanced reliability of
Emissions the models by resolving minor
Reduction from defects, an introduction of new
Energy Used in capability to add slab and floor
Buildings insulation for 1C3 users, and
better illustrations and updated
manual.
3 |38 Many enhancements were Many enhancements were added
Code Adoption, | added in the development of in the development of the
p.80 the International Code International Code Compliance
Compliance Calculator (IC3). Calculator (IC3). 2010 saw the
2009 saw the addition of enhanced reliability of the models
December 2011 Energy Systems Laboratory, Texas A&M University System
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three-story, pier and beam, by resolving minor defects and an
and multifamily. Workshops introduction of new capabilities
were developed to train Users for the users with better
in the IC3 software illustrations and updated manual.
application. Workshops were developed to
train Users in the 1C3 software
application.
4 |3.10 Enhance IC3 to support Enhance IC3 to support 2009
Planned Focus multifamily residences, and IECC code-compliance
for 2010 add other features to enhance calculations for both single-family
adoption. and multi-family with higher
reliability, and add other features
to enhance adoption.

6.1.2 Changes in single family input file

There have been four major version changes according to the changes in the single family input file since
the 2009 annual simulations. Table 4presents the summarized description of the changes in single family input file
since the 2009 annual simulation.

Table 4. Changes in single family input file

BDL

Version Description

4.01.04 | BDL used for the 2009 annual report

4.01.05 | Added a parameter (b17) for above-grade height of multifamily 2" and 3" floor units

4.01.06 | Removed code for alternate attic infiltration for case of insulation on roof
Modified construction for roof and ceiling for a case of insulation on ceiling

4.01.07 | Corrected 2009 IECC code for insulation on basement wall and crawlspace for Zone 3 and 4

A. Version 4.01.05

Added a parameter (b17) for above-grade height of multifamily 2™ and 3" floor units

The first change in the input file was that a new parameter for above-grade height of multifamily 2™ and 3" floor
units (i.e., where the multi-family 2nd floor units are located) was added in the original 2009 input file. One
parameter that was blank last year’s version, b17 was used to define the above-grade height of multifamily 2™ and
3" floor units. In the previous version, the 2" and 3" floor units were assumed to be located on the ground.

Before applying changes, the impact of different above-grade heights on 1C3 results was examined, including energy
usage and percentage above code. A series of tests were performed on the city of Houston (Climate Zone: 2) with
the three different height options (0 ft for base case, 8 ft for test case 1, and 16 ft for test case 2) for both user house
and 2001 IECC code-compliant house. Its impact on energy usage and percentage above code was then analyzed.
A total of three different building configurations (Building A, B, and C) were considered for the base-case model.
Each building is a two-storied building consisting of eight units. Four units are arranged on the first floor in sets of
two units, which share a common wall. A breezeway is situated between the two sets of units. Four more units are
arranged on the second floor in a similar configuration. Table 5 presents a schematic layout of the units arranged by
building type. The base-case units are square-shaped and one storied with a floor-to-ceiling height of 8 feet. The
floor area of each unit is either 1006 sg. ft. or 1500 sqg. ft. The units on the second floor have a vented attic with a
roof pitched at 23 degrees.
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Table 6 summarizes the total, cooling and heating energy use of each unit and the entire building in MMBtu for
three different height options of the 2nd floor units (O ft for base case, 8 ft for test case 1, and 16 ft for test case 2).
Differences in energy usage between base case and test cases were noted as percentage.

Table 7 lists the percentage above code of each unit and the entire building for three different above-grade height
options of the 2nd floor units. Differences in the percentage above code between base case and test cases were also
calculated.

As a result, for the test case 1 (8 ft height), the average % difference in percentage above code of the four 2nd floor
units ranged from 0.31 % to 0.38 % by building type. For the entire building, the % difference in percentage above
code ranged from 0.17 % to 0.19%. For the test case 2 (16 ft height), the average % difference in percentage above
code of the four 2nd floor units ranged from 0.52 % to 0.66 % by building type. For the entire building, the %
difference in percentage above code ranged from 0.27 % to 0.35%.

Therefore, it would be more accurate to calculate the energy use if the above-grade height where the second or third
floor units are located can be provided by the user. As a result, a new parameter was added to the BDL version
4.01.05 of IC3 to be used for this situation.

More details can be found in the Laboratory’s follow-up report®®.

Table 5: Schematic Layout of the Units by Building Type

Builidng Type |  Unit# LInit Floor Building Plan
A1 Total of eight units, 4 on first floor
j;g 1stfloor unit A and 4 units on second floor
A-d
A = 37 AN 458
AB 2nd floor unit
AT e 1/5 1 216
A-B
B-1
g_g 15t floor unit !
- 5 /| 418
B o2 : i
B-5 ; | - ;
B- . ! ™) !
57 2nd floor unit ; ;
B-38
C-1
C-2 .
15t floor unit |
C-3 LA™
- |
c g_; T
C-6 . l\ /JI 218
7 2nd floor unit | .
— Pl

¥ Kim, H., Z. Liu, and J.S. Haberl. 2010. Impact of Different Above-Grade Heights of Multi-Family 2" Floor Units on 1C3
Results. ESL-ITR-10-02-02. College Station, TX: Energy Systems Laboratory, Texas A&M University System
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Table 6: IC3 Results for Three Different Height Options (0 ft, 8 ft, and 16 ft) of the 2" Floor Units (User House vs.
2001 IECC Code House)

Energy Use (MMBTU/yr) % Difference
Base case Test Case 1 Test Case 2 Test Case 1 Test Case 2
Unit # (2nd Floor Unit Height = 0 ft) (2nd Floor Unit Height = 8 ft) (2nd Floor Unit Height = 16 ft) (2nd Floor Unit Height = 8 ft) (2nd Floor Unit Height = 16 ft)
Unit Unit Unit Building Unit Unit Unit Building Unit Unit Unit Building Unit Total Unit Unit Building Unit Total Unit Unit Building
Total | Cooling | Heating Total Total Cooling | Heating Total Total Cooling | Heating Total Cooling | Heating Total Cooling | Heating Total
A1 35.1 3.2 18 35.1 3.2 18 35.1 3.2 18
A-2 35 3.1 18 35 3.1 18 35 3.1 18
A3 35.6 2.9 2.6 35.6 2.9 2.6 35.6 29 2.6
A4 35.4 2.8 2.6 35.4 2.8 2.6 35.4 2.8 2.6
A5 44 7.8 4.7 s 44.1 7.7 5.1 181 44.3 7.6 5.3 3189 0.23% | -1.28% | 8.51% 032% 0.68% | -2.56% | 12.77% 057%
A-6 43.6 7.7 4.6 44 7.6 4.9 44.1 5 Gl 0.92% | -1.30% | 6.52% 1.15% | -2.60% | 10.87%
AT 44.4 7.1 5.9 44.6 7 6.3 44.8 7 6.6 0.45% | -1.41% | 6.78% 0.90% | -1.41% | 11.86%
A8 44 7 5.8 44.3 6.9 6.2 44.6 6.9 6.4 0.68% | -1.43% | 6.90% 136% | -143% | 10.34%
B-1 35.1 3.2 18 35.1 3.2 18 35.1 3.2 18
B-2 35 31 18 35 31 18 35 3.1 18
B-3 35.6 2.9 2.6 35.6 29 2.6 35.6 2.9 2.6
User B-4 35.5 2.8 2.6 35.5 2.8 2.6 35.5 2.8 2.6
House B-5 50.6 9 9.7 3448 51 8.9 10.3 3468 513 8.8 10.7 8.1 0.79% | -1.11% | 6.19% 0.58% 1.38% | -2.22% | 10.31% 0-96%
B-6 50.2 8.8 9.4 50.7 8.7 10 51 8.6 10.4 1.00% | -1.14% | 6.38% 1.59% | -2.27% | 10.64%
B-7 51.6 8.3 11.6 52.2 8.2 12.2 52.5 8.1 12.6 116% | -1.20% | 5.17% 1.74% | 2.41% | 8.62%
B-8 51.2 8.2 113 51.7 8.1 12 52.1 8 12.4 0.98% | -1.22% | 6.19% 1.76% | -2.44% | 9.73%
C1 38.1 3.8 4.1 38.1 3.8 4.1 38.1 3.8 4.1
Cc2 37.9 37 4 37.9 3.7 4 37.9 3.7 4
Cc3 39.1 3.4 5.4 39.1 3.4 5.4 39.1 3.4 5.4
C4 38.9 3.3 53 38.9 3.3 5.3 38.9 33 5.3
C-5 44.7 7.9 5.3 3331 44.8 7.7 5.7 3343 45 7.7 6 3351 0.22% 7.55% 0-36% 0.67% | -2.53% | 13.21% 0-60%
C-6 44.3 7.8 52 44.7 7.6 515 44.9 J745) 5.8 0.90% 5.77% 1.35% | -3.85% | 11.54%
Cc7 45.2 7.2 6.6 45.5 7.1 7.1 45.8 7.1 7.4 0.66% 7.58% 1.33% | -1.39% | 12.12%
Cc8 44.9 7.2 6.5 45.3 7.1 6.9 45.4 7 7.2 0.89% 6.15% 111% | -2.78% | 10.77%
A1l 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
A-2 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
A3 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
A4 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
A5 44.8 8.8 6.3 328 45.2 8.7 6.8 3296 45.6 8.6 ol 3308 0.89% | -1.14% | 7.94% 0.49% 1.79% | -2.27% | 12.70% 0-85%
A-6 45 8.8 6.3 45.4 8.7 6.8 45.6 8.7 7.2 0.89% | -1.14% | 7.94% 1.33% | -1.14% | 14.29%
AT 44.8 8.8 6.3 45.2 8.7 6.8 45.6 8.6 Usdl 0.89% | -1.14% | 7.94% 1.79% | -2.27% | 12.70%
A8 45 8.8 6.3 45.4 8.7 6.8 45.6 8.7 7.2 0.89% | -1.14% | 7.94% 133% | -1.14% | 14.29%
B-1 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
B-2 37.2 4.4 4.2 37.2 4.4 4.2 37.2 4.4 4.2
2001 B-3 37.1 4.4 4.2 37.1 4.4 4.2 37.1 4.4 4.2
IECC B-4 37.2 4.4 4.2 37.2 4.4 4.2 37.2 4.4 4.2
Code B-5 52.9 113 11 3602 53.6 11.2 11.8 363 54.1 11.2 12.3 365 1.32% | -0.88% | 7.27% 078% 2.27% | -0.88% | 11.82% 133%
House B-6 52.9 113 11 53.6 113 11.8 54.1 1.2 123 1.32% | 0.00% | 7.27% 2.27% | -0.88% | 11.82%
B-7 52.9 113 11 53.6 11.2 11.8 54.1 1.2 12.3 1.32% | -0.88% | 7.27% 2.27% | -0.88% | 11.82%
B-8 52.9 113 11 53.6 113 118 54.1 112 12.3 1.32% | 0.00% | 7.27% 2.27% | 0.88% | 11.82%
C-1 41.9 5.9 7 419 5.9 7 41.9 5.9 7
C-2 419 6 7 419 6 7 419 6 7
Cc3 41.9 5.9 7 41.9 5.9 7 41.9 5.9 7
C-4 41.9 6 7 55 41.9 6 7 357 41.9 6 7 3584 0.56% 0.96%
c5 46.8 9 7.9 47.3 8.9 85 47.7 8.8 8.9 : 107% | -1.11% | 7.59% : 1.92% | -2.22% | 12.66% :
Cc-6 46.9 9 7.9 47.4 8.9 8.5 417 8.9 8.9 107% | -1.11% | 7.59% 171% | -111% | 12.66%
c7 | 468 9 7.9 473 8.9 85 477 8.8 8.9 1.07% | -1.11% | 7.59% 1.92% | -2.22% | 12.66%
Cc-8 46.9 9 7.9 47.4 8.9 8.5 417 8.9 8.9 107% | -111% | 7.59% 1.71% | -1.11% | 12.66%

Table 7: Percentage Above Code for Three Different Height Options (0 ft, 8 ft,

and 16 ft) of the 2™ Floor Units

Energy Use (MMBTUlyr) % Difference
) Base case Test Case 1 Test Case 2 Test Case 1 Test Case 2
Unit# (2nd Floor Unit Height = 0 ft) (2nd Floor Unit Height = 8 ft) (2nd Floor Unit Height = 16 ft) (2nd Floor Unit Height = 8 ft) (2nd Floor Unit Height = 16 ft)
Unit Unit Unit | Building Unit Unit Unit Building Unit Unit Unit Building Unit Total Unit Unit | Building Unit Total Unit Unit | Building
Total | Cooling | Heating | Total Total | Cooling | Heating Total Total | Cooling | Heating | Total Cooling | Heating | Total Cooling | Heating | Total
Al 54% | 21.3% | 57.1% 54% | 21.3% | 57.1% 54% | 21.3% | 57.1%
A2 5.7% | 29.5% | 57.1% 57% | 29.5% | 57.1% 57% | 29.5% | 57.1%
A-3 40% | 34.1% | 38.1% 40% | 341% | 38.1% 40% | 34.1% | 38.1%
A4 | 46% | 364% | 381% | oo | 46% | 364% | 381% | 45y | 46% | 36.4% | 381% | 0. 0.47% 0.27%
A5 1.8% | 11.4% | 25.4% 24% | 115% | 25.0% 29% | 11.6% | 25.4% 0.65% | 0.13% | -0.40% 1.07% | 0.26% | -0.04%
A-6 3.1% | 12.5% | 27.0% 3.1% | 12.6% | 27.9% 3.3% | 13.8% | 29.2% -0.03% | 0.14% | 0.96% 0.18% | 1.29% | 2.18%
AT 0.9% | 19.3% | 6.3% 1.3% | 19.5% 7.4% 18% | 18.6% | 7.0% 0.43% | 0.22% | 1.00% 0.86% | -0.71% | 0.69%
A8 22% | 20.5% | 7.9% 2.4% | 20.7% 8.8% 22% | 20.7% | 11.1% 0.20% | 0.24% | 0.89% 0.03% | 0.24% | 3.17%
B-1 54% | 27.3% | 57.1% 54% | 27.3% | 57.1% 54% | 27.3% | 57.1%
B-2 59% | 29.5% | 57.1% 59% | 29.5% | 57.1% 5.9% | 29.5% | 57.1%
B-3 4.0% | 341% | 38.1% 40% | 341% | 38.1% 40% | 341% | 38.1%
%Above | B-4 4.6% | 36.4% | 38.1% 46% | 36.4% | 38.1% 4.6% | 36.4% | 38.1%
Code | B-5 | 43% | 20.4% | 11.8% 4% 4.9% | 205% | 12.7% 5% 5.2% | 21.4% | 13.0% 4.8% 0.50% | 0.18% | 0.89% 0.19% 0.83% | 1.07% | 1.19% 0.35%
B-6 51% | 22.1% | 14.5% 54% | 23.0% | 15.3% 57% | 23.2% | 15.4% 0.31% | 0.88% | 0.71% 0.63% | 1.09% | 0.90%
B-7 2.5% | 26.5% | -5.5% 2.6% | 26.8% | -3.4% 3.0% | 27.7% | -2.4% 0.15% | 0.24% | 2.06% 0.50% | 1.13% | 3.02%
B-8 32% | 21.4% | 21% 35% | 283% | -1.7% 3.7% | 28.6% | -0.8% 0.33% | 0.88% | 1.03% 0.48% | 1.14% | 1.91%
C1l 9.1% | 35.6% | 41.4% 9.1% | 35.6% | 41.4% 9.1% | 35.6% | 41.4%
C2 9.5% | 38.3% | 42.9% 9.5% | 38.3% | 42.9% 9.5% | 38.3% | 42.9%
C3 | 6.7% | 42.4% | 22.9% 6.7% | 42.4% | 22.9% 6.7% | 42.4% | 22.9%
C4 7.2% | 45.0% | 24.3% 7.2% | 45.0% | 24.3% 7.2% | 45.0% | 24.3%
C5 45% | 12.2% | 32.9% 6.2% 53% | 135% | 32.9% 6.4% 57% | 12.5% | 32.6% 6:5% 0.80% | 1.26% | 0.03% 0.1%% 117% | 0.28% | -0.33% 0.35%
C-6 | 55% | 13.3% | 34.2% 5.7% | 146% | 353% 5.9% | 15.7% | 34.8% 0.15% | 1.27% | 1.12% 0.33% | 2.40% | 0.65%
c7 3.4% | 20.0% | 16.5% 3.8% | 20.2% | 16.5% 40% | 19.3% | 16.9% 0.39% | 0.22% | 0.01% 0.56% | -0.68% | 0.40%
C8 43% | 20.0% | 17.7% 4.4% | 20.2% | 18.8% 48% | 21.3% | 19.1% 0.17% | 0.22% | 1.10% 0.56% | 1.35% | 1.38%
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B. Version 4.01.06

Removed code for alternate attic infiltration for case of insulation on roof

The change in the input file was to eliminate a conditional statement for attic infiltration which was based on the
location of insulation on roof. As a result, the code for a case of insulation on roof was removed, and the code for a
case of insulation on ceiling was used for both cases.

[Version 4.01.05]

##IF #[P-ROOFRPOS[] EQS C] $ WHEN ATTIC INSULATION IS ABOVE CEILING,
M.MALHOTRA, 02/03/2009C

##IF #[#[P-INFMETHOD[] EQS ACH] OR #[P-INFMETHOD[] EQS CSF]]

INF-METHOD = AIR-CHANGE $ DOE-2 DEFAULT=NONE,OR CRACK,AIR-
CHANGE,RESIDENTIAL,S-G
##1F #[P-INFMETHODI] EQS ACH] $ INFILTRATION METHOD, M.MALHOTRA 05/27/2008

AIR-CHANGES/HR = P-ATTINFIL[] $ M.MALHOTRA, 02/03/2009B
##ELSEIF #[P-INFMETHOD[] EQS CSF]
INF-CFM/SQFT = #[#[#[ATTICVOL[] / ATTICAREA[]] / 60] * P-ATTINFIL[]] $ M.MALHOTRA, 02/03/2009B
##ENDIF
##ELSEIF #[P-INFMETHOD[] EQS SG] $ SHERMAN-GRIMSRUD INFILTRATION METHOD,
M.MALHOTRA 07/14/2008
INF-METHOD =S-G
HOR-LEAK-FRAC =09
NEUTRAL-LEVEL =05
FRAC-LEAK-AREA = P-ATTICFLA[]
##ENDIF

H#H#ELSEIF #[P-ROOFRPOS[] EQS R] $ WHEN ATTIC INSULATION IS UNDERSIDE THE ROOF,
M.MALHOTRA, 02/03/2009C

##1F #[#[P-INFMETHOD[] EQS ACH] OR #[P-INFMETHODI[] EQS CSF]]

INF-METHOD = AIR-CHANGE $ DOE-2 DEFAULT=NONE,OR CRACK,AIR-
CHANGE,RESIDENTIAL,S-G
##IF #[P-INFMETHODI] EQS ACH] $ INFILTRATION METHOD, M.MALHOTRA 05/27/2008
AIR-CHANGES/HR = AIRCHANGE[] $ ACH=NORMALIZED LEAKAGE(0.57)xXWEATHER

FACTOR(FROM ASHRAE STANDARD 136)
##ELSEIF #[P-INFMETHOD[] EQS CSF]
INF-CFM/SQFT = P-INFCFM/SQFTJ]
##ENDIF
##ELSEIF #[P-INFMETHOD[] EQS SG] $ SHERMAN-GRIMSRUD INFILTRATION METHOD,
M.MALHOTRA 07/14/2008
INF-METHOD =S-G
HOR-LEAK-FRAC = P-HLF[]
NEUTRAL-LEVEL = P-NL[]
FRAC-LEAK-AREA = P-FLA][]

#HENDIF
[Version 4.01.06]
##1F #[#[P-INFMETHOD[] EQS ACH] OR #[P-INFMETHOD[] EQS CSF]]
INF-METHOD = AIR-CHANGE $ DOE-2 DEFAULT=NONE,OR CRACK,AIR-
CHANGE,RESIDENTIAL,S-G
##IF #[P-INFMETHODI] EQS ACH] $ INFILTRATION METHOD, M.MALHOTRA 05/27/2008

AIR-CHANGES/HR = P-ATTINFIL[] $ M.MALHOTRA, 02/03/2009B
##ELSEIF #[P-INFMETHOD[] EQS CSF]
INF-CFM/SQFT = #[#[#[ATTICVOL[] / ATTICAREA[]] / 60] * P-ATTINFIL[]] $ M.MALHOTRA, 02/03/2009B
##ENDIF
##ELSEIF #[P-INFMETHOD[] EQS SG] $ SHERMAN-GRIMSRUD INFILTRATION METHOD,
M.MALHOTRA 07/14/2008
INF-METHOD =S-G
HOR-LEAK-FRAC =09
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NEUTRAL-LEVEL =05

FRAC-LEAK-AREA  =P-ATTICFLA[] $ REMOVED CONDITIONS FOR ATTIC INFILTRATION, JAYA M.
01/21/2010

#H#ENDIF

Modified construction for roof and ceiling for a case of insulation on ceiling
The change in the input file was to modify glitch in code for a case of insulation on ceiling.
[Version 4.01.05]
CLA 2 = LAYERS
INSIDE-FILM-RES = 0.765
MATERIAL = (BATT-ACEIL,ROOF_STUD,GP01) ..

[Version 4.01.06]

CLA 2  =LAYERS
INSIDE-FILM-RES = 0.765
##IF #[#[P-ROOFRPOS[] EQS C] AND #[P-CEILR[] GE 0.1]]
MATERIAL = (BATT-ACEIL,ROOF_STUD,GP01) ..

##ELSEIF #[P-CEILR[] LT 0.1] $ 02/20/2009E, M.MALHOTRA

MATERIAL = (BATT-ACEIL,ROOF_STUD,GP02) ..

##ELSEIF #[P-ROOFRPOS[] EQS R] $ 01/21/2010, JAYA M. CORRECTED TO ACCOMODATE CASE OF INS
ON ROOF

MATERIAL = (ROOF_STUD,GP02) ..

##ENDIF
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C. Version 4.01.07

Modified 2009 IECC code for insulation on basement wall and crawlspace for Zone 3 and 4

The change in the input file was to add specifications for 2009 IECC code-compliant house in warm-humid
locations of Zone 3 and to modify basement and crawlspace insulation requirements for 2009 IECC code-compliant
house in Zone 4.

[Version 4.01.06]

##ELSEIF #[CZ[] EQS 3]
##SET1 P-WINDOWU 0.50
##SET1 P-SHGF 0.3
##SET1 P-CEILR 27.84
##SET1 P-WALLR 11.8
##SET1 WALLEXT-R 0
##SET1 P-FLOORR 19
##SET1 P-BSWALLR 5
##SET1 P-SLABR 0
##SET1 P-CRWALLR 5
##SET1 WALL-U 0.082
##SET1 P-STUD 3.5

##ELSEIF #[CZ[] EQS 4]
##SET1P-WINDOWU  0.35
##SET1 P-SHGF 0.4
##SET1 P-CEILR 3251
##SET1 P-WALLR 11.8
##SET1 WALLEXT-R 0
##SET1P-FLOORR 19
##SET1P-BSWALLR 0
##SET1 P-SLABR 10
##SET1P-CRWALLR 0
##SET1 WALL-U 0.082
##SET1 P-STUD 35

[Version 4.01.07]

##ELSEIF #[CZ[] EQS 3*]
##SET1 P-WINDOWU 0.50
##SET1 P-SHGF 0.3
##SET1 P-CEILR 27.84
##SET1 P-WALLR 11.8
##SET1 WALLEXT-R 0
##SET1 P-FLOORR 19
##SET1 P-SLABR 0
##SET1 WALL-U 0.082
##SET1 P-STUD 3.5
##SET1 P-BSWALLR 0
##SET1 P-CRWALLR 0

##ELSEIF #[CZ[] EQS 3]
##SET1P-WINDOWU  0.50
##SET1 P-SHGF 03
##SET1 P-CEILR 27.84
##SET1 P-WALLR 11.8
#4SET1 WALLEXT-R 0
##SET1P-FLOORR 19
##SET1 P-SLABR 0
##SET1 WALL-U 0.082
##SET1 P-STUD 35
#4SET1P-BSWALLR 5
#4SET1P-CRWALLR 5

#H#ELSEIF #[CZ[] EQS 4]
##SET1P-WINDOWU  0.35
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##SET1 P-SHGF 0.4
##SET1 P-CEILR 32.51
##SET1 P-WALLR 11.8
##SET1 WALLEXT-R 0
##SET1 P-FLOORR 19
##SET1 P-BSWALLR 10
##SET1 P-SLABR 10
##SET1 P-CRWALLR 10
##SET1 WALL-U 0.082
##SET1 P-STUD 3.5

6.1.3 2010 Results for New Single-family Residential Construction

In this section of the report, calculations are provided regarding the potential electricity reductions and associated
emissions reductions from the implementation of the 2000 IECC/IRC to new single-family residences in the 41 non-
attainment and affected counties as well as other counties in the ERCOT region®’. To calculate the NOx emissions
reductions from the implementation of the 2000 IECC/IRC, a number of procedures were followed. First, new
construction activity by county had to be determined, then energy savings attributable to the 2000 IECC/IRC had to
be modeled using the code-traceable, DOE-2 simulation that the Laboratory has developed for the TERP. These
estimates were then applied to the NAHB Builder’s survey data to determine the appropriate number of housing
types. Then estimates of the NOx reduction potential from the electricity reductions in each county were calculated
using the US EPA’s 2007 eGRID database®.

In Table 8 and Table 9, the 1999 and the 2000 IECC/IRC code-compliant building characteristics are shown for each
county. The 1999 building characteristics reflect those published by the NAHB, ARI and GAMA for Texas. The
2000 IECC/IRC code-compliant characteristics are the minimum building code characteristics required by the 2000
IECC/IRC for each county for single-family residences (i.e., Type A.1)?*. In Table 10 and Table 11, the rows are
sorted first by the US EPA’s non-attainment, affected designation, and other ERCOT Counties, then alphabetically.
Next, in the fourth column, the NAHB survey classification is listed. The fifth column in Table 8 and Table 9 lists
the window area for the average house as defined by the NAHB survey?.

20The three new counties, Henderson, Hood and Hunt were added in the 2003 Legislative session are included in this.

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 utility service districts as
indicated.

22 As modified by the 2001 Supplement.

2 This value represents the NAHB’s reported number of window units times an average window size of 3 x 5 feet, which was determined by surveying local building suppliers. Additional
information about the procedures used to determine these values can be found in the MS Thesis by Im (2003).
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The sixth, seventh, eighth, and ninth columns show the NAHB’s average glazing U-value, Solar Heat Gain
Coefficient (SHGC), roof insulation and wall insulation, respectively. In columns ten through fourteen of Table 10
and Table 11, the corresponding values from the 2000 IECC / IRC code-compliant house are listed for each county
(i.e., percent area, glazing U-value, SHGC, roof and wall insulation R-value). For each county, the identical window
percent area was used for the 1999 and code-compliant calculation (i.e., window-to-wall area).

The 2000 IECC/IRC SHGC is 0.4 for all non-attainment and affected counties since they all fall below the 3,500
HDDes, as required by the 2000 IECC/IRC. All the 1999 houses were assumed to have an air-conditioner
efficiency® equal to a SEER 11, a furnace efficiency (AFUE) of 0.80, and a domestic water heater efficiency of
76%. All the 2000 IECC/IRC code-compliant houses were assumed to have an air-conditioner efficiency equal to a
SEER 13%. The values shown in Table 10 and Table 11represent the only changes that were made to the simulation
to obtain the savings calculations. All other variables in the simulation remained the same for the 1999 and the 2000
IECC/IRC code-compliant simulation. In cases where the 1999 values were more efficient than the 2000 IECC/IRC
code-compliant simulation, the 1999 values were used in both simulations, since this indicates that the prevailing
practice is already above code. For example, in Brazoria County, according to the NAHB, the roof insulation is R-
27.08, which is already above the code-required insulation of R-19. Therefore, R-27.08 was used in both
simulations.

The code-traceable simulation results are shown for each county. In a similar fashion as Table 8 and Table 9, Table
10 and Table 11 are first divided into US EPA affected and then non-attainment classifications, followed by an
alphabetical listing of counties. In the third column of Table 10 and Table 11, the 2000 IECC/IRC climate zone is
listed followed by the number of projected new 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, and, 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 tables in the 2010 Volume I11 Appendix, which remain the same as the 2009
listing, 24 simulations were run for each county, which were then distributed according to the NAHB’s survey data
to account for 1 story, 2 story, slab-on-grade, crawlspace, and three different system types. In the seventh and eighth
columns, the total pre-code and code-compliant peak OSD energy use is reported for the Ozone Season Day across
all counties?’. In a similar fashion as the annual pre-code and code-compliant energy use, these values are from the
associated tables for each county in the Volume 111 Appendix to this report for the 2010 peak OSD results. In the
ninth and tenth columns, the total annual electricity and peak OSD savings are shown for each county, respectively.
A 7% transmission and distribution loss is used in the 2010 report, which represents a fixed 1.07 multiplier for the
electricity use. In the eleventh and twelfth 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. Similarly, in columns
thirteen and fourteen, the simulated total peak OSD natural gas use on the peak Ozone Season Day (OSD) is shown
for each county. Finally, in columns fifteen and sixteen, the total annual and peak OSD natural gas savings are
shown for each county.

In Table 12 and Table 13, the PCA assignments for each county are shown. These assignments are the same as the
ones used in the 2006 annual report. These assignments were expanded from the 2005 report because all ERCOT
counties are shown in the 2006 report. In Table 14, the annual electricity savings are assigned to PCA provider(s)
according to Table 12 and Table 13. The total electricity savings for each PCA, as shown in Table 15 then entered
into the bottom row of Table 14 and Table 16, which is the 2007 US EPA eGRID database for Texas. eGRID then
proportions each MWh of electricity savings according to the 1999 measured data from the power plants assigned to
that PCA. For each county in which there is a power plant the Ibs-NOx/MWh are calculated and displayed as NOx
reductions (Ibs) in the column adjacent to the PCA column. Adding across the rows then totals the NOXx reductions
in each county from multiple PCAs that have power plants in that county. Counties that do not show NOXx reductions
represent counties that do not have power plants in eGRID’s database. In Table 16 the PCA assignments for peak
reductions are shown for each county; and in Table 17 the peak OSD NOXx reductions are shown calculated with
eGRID.

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

% Based on the regulation effective.

2 The number of projected new housing units uses the published values for the new housing units in 2010. A vacancy rate of 0% was assumed for 2010 calculations, based on information
suggested by the Real Estate Center at Texas A&M University.

27 In the 2005 report, the peak Ozone Season Day (OSD) was used to report peak savings. This is different than the peak day for 2004, which was August 19, 1999. This change was made at the
request of the TCEQ. In the 2002 and 2003 reports, these dates represent the TMY2 non-coincident dates that were chosen by the DOE-2 simulation program as the peak date for the houses
simulated in a specific county. Hence, the 2002 and 2003 dates did not correspond to the same calendar date.
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Table 8: 1999 and the 2000 IECC/IRC Code-compliant Building Characteristics used in the DOE-2 Simulator for
Single-family Residential (1)

Division 1999 Average 2000 IECC
County C;;r:‘ae‘e (East or pren o S\azmg Roof wall Glazing Roof wall

West) 6 -value SHGC Insulation Insulation Area % U-value SHGC Insulation | Insulation
(Btu/ hr-fi2-F) (hr-ft2-F/Bt) | (hr-f2-FiBtu) (Btu/ hr-ft2-F) (hr-ft2-F/Btu) | (hr-ft2-F/Btu)
BRAZORIA 3 East Texas 13.8] 1.11 0.71] 27.08| 13.99 13.8 0.75 0.40 19.00 11.00
CHAMBERS 4 East Texas 13.8] 111 0.71] 27.08| 13.99 13.8 075 0.40 26.00 13.00
COLLIN 6 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.46 0.40 38.00 16.00
DALLAS 5 West Texas 20.6) 0.87 o. g 26.75, 20,6, 0.50 0.40 38.00 13.00
DENTON 6 West Texas 20.6 0.87 0.66 26.75 20.6 0.46 0.40 38.00 16.00
EL PASO 6 West Texas 206, 0.87 0.66, 26.75 206 0.46 0.40 38.00 16.00
FORT BEND 4 East Texas 13.8] 1.11 0.71] 27.08] 13.8 0.75 0.40 26.00 13.00
N GALVESTON 3 East Texas 13.8] 1.11 0.71 27.08| 13.8] 0.75 0.40 19.00 11.00
HARDIN 4 East Texas 13.8] 1.11 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
HARRIS a4 East Texas 13.8] 111 0.71] 27.08| 13.8 075 0.40 26.00 13.00
JEFFERSON 4 East Texas 13.8] 111 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
LIBERTY 4 East Texas 13.8] 111 0.71] 27.08| 13.8 075 0.40 26.00 13.00
MONTGOMERY 4 East Texas 13.8 111 0.71 27.08 13.8 0.75 0.40 26.00 13.00
ORANGE 4 East Texas 13.8 1.11) 0.71] 27.08 13.8 0.75 0.40 26.00 13.00
TARRANT 5 West Texas 20.6 0.87f 0.66| 26.75) 20.6] 0.50 0.40 38.00 13.00
WALLER 4 East Texas 13.8] 1.11 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
BASTROP 4 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.52 0.40 30.00 13.00
BEXAR a4 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.52 0.40 30.00 13.00
CALDWELL 4 West Texas 20.6] 0.87| 0.6/ 26.75) 20.6] 0.52 0.40 30.00 13.00
COMAL 4 West Texas 20.6] 0.87| 0.66] 26.75) 20.6] 052 0.40 30.00 13.00
ELLIS 5 West Texas 206 0.87 0.66 26.75| 206 0.50 0.40 38.00 13.00
GREGG 6 East Texas 13.8 1.11 0.71] 27.08| 13.8 0.60 0.40 30.00 13.00
GUADALUPE 4 West Texas 20.6 0.87] 0.66| 26.75| 20.6] 0.52 0.40 30.00 13.00
HARRISON 6 East Texas 13.8] 1.11 0.71] 27.08] 13.8 0.60 0.40 30.00 13.00
HAYS 5 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.50 0.40 38.00 13.00
HENDERSON 5 East Texas 13.8] 111 0.71] 27.08| 13.8 0.65 0.40 30.00 13.00
HOOD 5 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 050 0.40 38.00 13.00
HUNT 6 West Texas 20.6) 0.87 o. g 26.75 20.6, 0.46 0.40 38.00 16.00
Affected  [JOHNSON 5 West Texas 206 0.87 0.66 26.75 206 0.50 0.40 38.00 13.00
KAUFMAN 6 West Texas 20.6 0.87 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
NUECES 3 East Texas 13.8] 1.11 0.71] 27.08| 13.8 0.75 0.40 19.00 11.00
PARKER 6 West Texas 20.6 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
ROCKWALL 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
RUSK 5 East Texas 13.8] 111 0.71] 27.08| 13.8 0.65 0.40 30.00 13.00
SAN PATRICIO 3 East Texas 13.8] 111 0.71] 27.08| 13.8 075 0.40 19.00 11.00
SMITH 5 East Texas 13.8 111 0.71] 27.08 13.8 0.65 0.40 30.00 13.00
TRAVIS 5 West Texas 206, 0.87 0.66 26.75 206 0.50 0.40 38.00 13.00
UPSHUR 6 East Texas 13.8] 1.11 0.71] 27.08| 13.8 0.60 0.40 30.00 13.00
VICTORIA 3 East Texas 13.8] 1.11 0.71] 27.08] 13.8 0.75 0.40 19.00 11.00
WILLIAMSON 5 West Texas 20.6 0.87] 0.66| 26.75| 20.6| 0.50 0.40 38.00 13.00
WILSON 4 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.52 0.40 30.00 13.00
ANDERSON 5 East Texas 13.8] 111 0.71] 27.08| 13.8 0.65 0.40 30.00 13.00
ANDREWS 6 West Texas 20.6) 0.87 0.66| 26.75, 20.6, 0.46 0.40 38.00 16.00
ANGELINA 5 East Texas 13.8 111 0.71 27.08 13.8 0.65 0.40 30.00 13.00
ARANSAS 3 East Texas 13.8 1.11) 0.71] 27.08 138 0.75 0.40 19.00 11.00
ARCHER 7 West Texas 20.6 0.87] 0.66| 26.75| 20.6] 0.45 0.40 38.00 19.00
ATASCOSA 3 West Texas 13.8] 1.11 0.71] 27.08| 13.8 0.60 0.40 30.00 13.00
AUSTIN 4 East Texas 13.8 1.11 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
BANDERA 5 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.50 0.40 38.00 13.00
BAYLOR 7 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 045 0.40 38.00 19.00
BEE 3 East Texas 138 111 0.71] 27.08| 13.8 0.75 0.40 19.00 11.00
BELL 5 West Texas 206 0.87 0.66 26.75| 206 0.50 0.40 38.00 13.00
BLANCO 5 West Texas 206, 0.87 0.66, 26.75 206 0.50 0.40 38.00 13.00
BORDEN 7 West Texas 20.6 0.87] 0.66| 26.75) 20.6] 0.45 0.40 38.00 19.00
BOSQUE 5 West Texas 20.6] 0.87] 0.66 26.75] 20.6] 0.50 0.40 38.00 13.00
BRAZOS 4 East Texas 13.8 1.11 0.71] 27.08| 13.8] 0.75 0.40 26.00 13.00
BREWSTER 5 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.50 0.40 38.00 13.00
BRISCOE 8 West Texas 20.6] 0.87| o, g 26.75) 20.6] 0.41 0.40 38.00 19.00
BROOKS 2 East Texas 13.8] 111 0.71] 27.08| 13.8 0.90 0.40 19.00 11.00
BROWN 5 West Texas 206 0.87 0.66 26.75| 206 0.50 0.40 38.00 13.00
BURLESON 4 East Texas 13.8] 1.1 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
BURNET 5 West Texas 20.6] 0.87] 0.66| 26.75| 20.6 0.50 0.40 38.00 13.00
CALHOUN 3 East Texas 13.8 1.11 0.71] 27.08] 13.8 0.75 0.40 19.00 11.00
CALLAHAN 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
CAMERON 2 East Texas 13.8] 111 0.71] 27.08| 13.8 0.90 0.40 19.00 11.00
CHEROKEE 5 East Texas 138 1.11] 0.71] 27 E 13.8 0.65 0.40 30.00 13.00
CHILDRESS 7 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 045 0.40 38.00 19.00
CLAY 7 West Texas 206 0.87 0.66 26.75 206 0.45 0.40 38.00 19.00
ERCOT COKE 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
COLEMAN 5 West Texas 20.6] 0.87] 0.66| 26.75) 20.6] 0.50 0.40 38.00 13.00
COLORADO 4 East Texas 13.8 1.11 0.71] 27.08| 13.8 0.75 0.40 26.00 13.00
COMANCHE 5 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.50 0.40 38.00 13.00
CONCHO 5 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.50 0.40 38.00 13.00
COOKE 6 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.46 0.40 38.00 16.00
CORYELL 5 West Texas 20.6) 0.87 0.66, 26.75 20.6, 0.50 0.40 38.00 13.00
COTTLE 7 West Texas 206 0.87 0.66 26.75 206 0.45 0.40 38.00 19.00
CRANE 5 West Texas 20.6 0.87| 0.66| 26.75| 20.6] 0.50 0.40 38.00 13.00
CROCKETT 5 West Texas 20.6 0.87| 0.66| 26.75| 20.6| 0.50 0.40 38.00 13.00
CROSBY 7 West Texas 20.6| 0.87| 0.66| 26.75| 20.6] 0.45 0.40 38.00 19.00
CULBERSON 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
DAWSON 7 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 045 0.40 38.00 19.00
DE WITT 3 East Texas 138 111 0.71] 27.08| 13.8 0.75 0.40 19.00 11.00
DELTA 6 West Texas 20.6 0.87 0.66 26.75 20.6 0.46 0.40 38.00 16.00
DICKENS 7 West Texas 206, 0.87 0.66 26.75 206 0.45 0.40 38.00 19.00
DIMMIT 3 West Texas 13.8 1.11 0.71] 27.08| 13.8 0.60 0.40 30.00 13.00
DUVAL 3 East Texas 13.8 1.11 0.71] 27.08| 13.8 0.75 0.40 19.00 11.00
EASTLAND 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
ECTOR 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
EDWARDS 5 West Texas 20.6] 0.87| 0.66| 26.75) 20.6] 0.50 0.40 38.00 13.00
ERATH 6 West Texas 20.6) 0.87 0.66, 26.75 20.6, 0.46 0.40 38.00 16.00
FALLS 5 West Texas 206 0.87 0.66 26.75| 206 0.50 0.40 38.00 13.00
FANNIN 6 West Texas 20.6 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
FAYETTE 4 East Texas 13.8 1.11 0.71] 27.08] 13.8] 0.75 0.40 26.00 13.00
FISHER 6 West Texas 20.6| 0.87| 0.66| 26.75| 20.6 0.46 0.40 38.00 16.00
FOARD 7 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.45 0.40 38.00 19.00
FRANKLIN 6 West Texas 20.6] 0.87| 0.66| 26.75| 20.6] 0.46 0.40 38.00 16.00
FREESTONE 5 West Texas 206 0.87} o. zﬁ 26.75| 20.6 0.50 0.40 38.00 13.00
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Table 9: 1999 and the 2000 IECC/IRC Code-compliant Building Characteristics used in the DOE-2 Simulator for
Single-family Residential (2)

Division 1999 Average 2000 IECC
P— C;omnaere (East or Glazing Roof wall Glazing Roof wall
west) Area % U-value SHGC Insulation Insulation Area % U-value sHGC Insulation | Insulation

(Btu/ hr-ft2-F) (hrfi2-F/Bw) | (hr-ft2-F/Btu) (Btu/ hr-t2-F) (hr-ft2-F/Btu) | (hr-ft2-F/Btu)

FRIO 3 West Texas 13.8] 111 0.71) 27.08] 13.99) 13.8 0.60 0.40 30.00 13.00
GILLESPIE 5 West Texas 20.6 0.87| 0.66 26.75 14.18] 20.6 0.50 0.40 38.00 13.00
GLASSCOCK 6 West Texas 20.6) 0.87| 0.66 26.75 14.18| 20.6 0.46 0.40 38.00 16.00
GOLIAD 3 East Texas 13.8] 111 0.71) 27.08] 14.18] 13.8] 0.75 0.40 19.00 11.00
GONZALES 4 West Texas 20.6| 0.87] 0.66, 26.75] 14.18 20.6 0.52 0.40 30.00 13.00
GRAYSON 6 West Texas 20.6| 0.87| 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
GRIMES 4 East Texas 13.8 1.11] 0.71 27.08| 13.99 13.8) 0.75 0.40 26.00 13.00
HALL 8 West Texas 20.6| 0.87] 0.66) 26.75] 14.18] 20.6| 0.41 0.40 38.00 19.00
HAMILTON 5 West Texas 20.6 0.87] 0.66, 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
HARDEMAN 7 West Texas 20.6| 0.87| 0.66 26.75| 14.18| 20.6 0.45 0.40 38.00 19.00
HASKELL 6 West Texas 20.6) 0.87| 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
HIDALGO 2 East Texas 13.8] 111 0.71) 27.08] 13.99) 13.8 0.90 0.40 19.00 11.00
HILL 5 West Texas 20.6 0.87| 0.66 26.75] 14.18] 20.6 0.50 0.40 38.00 13.00
HOPKINS 6 West Texas 20.6) 0.87| 0.66 26.75 14.18| 20.6 0.46 0.40 38.00 16.00
HOUSTON 5 East Texas 13.8] 111 0.71) 27.08] 13.99) 13.8] 0.65 0.40 30.00 13.00
HOWARD 6 West Texas 20.6| 0.87] 0.66, 26.75] 14.18 20.6 0.46 0.40 38.00 16.00
HUDSPETH 6 West Texas 20.6| 0.87| 0.66 26.75 14.18| 20.6 0.46 0.40 38.00 16.00
IRION 5 West Texas 20.6) 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
JACK 6 West Texas 20.6| 0.87] 0.66 26.75] 14.18] 20.6| 0.46 0.40 38.00 16.00
JACKSON 3 East Texas 13.8 1.11 0.71] 27.08 14.18] 13.8] 0.75 0.40 19.00 11.00
JEFF DAVIS 6 West Texas 20.6| 0.87f 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
JIM HOGG 2 West Texas 13.8 1.11) 0.71 27.08| 13.99 13.8) 0.60 0.40 30.00 13.00
JIM WELLS 3 East Texas 13.8] 111 0.71) 27.08] 14.18] 13.8] 0.75 0.40 19.00 11.00
JONES 6 West Texas 20.6 0.87 0.66 26.75] 14.18] 20.6 0.46 0.40 38.00 16.00
KARNES 3 West Texas 13.8) 1.11] 0.71] 27.08| 13.90| 13.8] 0.60 0.40 30.00 13.00
KENDALL 5 West Texas 20.6| 0.87 0.66) 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
KENEDY 2 East Texas 13.8] 111 0.71) 27.08] 13.99 13 8] 0.90 0.40 19.00 11.00
KENT 7 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.45 0.40 38.00 19.00
KERR 5 West Texas 20.6) 0.87 0.66 26.75 14.18| 20.6 0.50 0.40 38.00 13.00
KIMBLE 5 West Texas 20.6| 0.87 0.66 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
KING 7 West Texas 20.6| 0.87 0.66 26.75] 14.18] 20.6 0.45 0.40 38.00 19.00
KINNEY 4 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.52 0.40 30.00 13.00
KLEBERG 2 East Texas 13.8] 1.11] 0.71] 27.08] 13.99) 13.8] 0.90 0.40 19.00 11.00
KNOX 7 West Texas 20.6| 0.87 0.66) 26.75] 14.18] 20.6| 0.45 0.40 38.00 19.00
LA SALLE 3 West Texas 13.8| 1.11 0.71 27.08] 13.99] 13.8| 0.60 0.40 30.00 13.00
LAMAR 6 East Texas 13.8) 1.11] 0.71] 27 oj 13.90| 13.8] 0.60 0.40 30.00 13.00
LAMPASAS 5 West Texas 20.6] 0.87 0.66) 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
LAVACA 4 East Texas 13.8] 111 0.71) 27.08] 13.99 13.8] 0.75 0.40 26.00 13.00
LEE 4 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.52 0.40 30.00 13.00
LEON 5 East Texas 13.8] 1.11] 0.71] 27.08| 13.90| 13.8] 0.65 0.40 30.00 13.00
LIMESTONE 5 West Texas 20.6| 0.87 0.66 26.75] 14.18] 20.6 0.50 0.40 38.00 13.00
LIVE OAK 3 East Texas 13.8 111 0.71] 27.08 14.18] 13.8] 0.75 0.40 19.00 11.00
LLANO 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
LOVING 6 West Texas 20.6] 0.87, 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
MADISON 4 East Texas 13.8] 111 0.71) 27.08] 13.99) 13.8 0.75 0.40 26.00 13.00
MARTIN 6 West Texas 20.6 0.87 0.66 26.75 14.18] 20.6 0.46 0.40 38.00 16.00
MASON 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
MATAGORDA 3 East Texas 13.8] 1.11] 0.71] 27.08] 14.18] 13.] 0.75 0.40 19.00 11.00
MAVERICK 3 West Texas 13.8] 111 0.71) 27.08] 13.99 13.8 0.60 0.40 30.00 13.00
MCCULLOCH 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
MCLENNAN 5 West Texas 20.6) 0.87 0.66 26.75] 14.18| 20.6 0.50 0.40 38.00 13.00
MCMULLEN 3 West Texas 13.8] 111 0.71) 27.08] 13.99) 13.8] 0.60 0.40 30.00 13.00
ERCOT MEDINA a West Texas 20.6 0.87 0.66, 26.75] 14.18] 20.6) 0.52 0.40 30.00 13.00
MENARD 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
MIDLAND 6 West Texas 20.6] 0.87, o.66| 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
MILAM 4 West Texas 20.6| 0.87 0.66) 26.75] 14.18 20.6| 0.52 0.40 30.00 13.00
MILLS 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
MITCHELL 6 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
MONTAGUE 6 West Texas 20.6] 0.87, 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
MOTLEY 7 West Texas 20.6| 0.87 0.66, 26.75] 14.18 20.6) 0.45 0.40 38.00 19.00
NACOGDOCHES 5 East Texas 13.8] 1.11] 0.71] 27.08| 13.90| 13.8] 0.65 0.40 30.00 13.00
NAVARRO 5 West Texas 20.6) 0.87 0.66] 26.75 14.18| 20.6 0.50 0.40 38.00 13.00
NOLAN 6 West Texas 20.6| 0.87 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
PALO PINTO 6 West Texas 20.6 0.87 0.66 26.75] 14.18] 20.6 0.46 0.40 38.00 16.00
PECOS 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
PRESIDIO 5 West Texas 20.6] 0.87, o.66| 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
RAINS 6 West Texas 20.6| 0.87 0.66, 14.18 20.6) 0.46 0.40 38.00 16.00
REAGAN 5 West Texas 20.6| 0.87 0.66 14.18| 20.6 0.50 0.40 38.00 13.00
REAL 5 West Texas 20.6 0.87 0.66 14.18| 20.6 0.50 0.40 38.00 13.00
RED RIVER 6 East Texas 13.] 1.11] 0.71] 13.99) 13.8] 0.60 0.40 30.00 13.00
REEVES 6 West Texas 20.6| 0.87 0.66, 14.18 20.6) 0.46 0.40 38.00 16.00
REFUGIO 3 East Texas 13.8| 1.11] 0.71 14.18| 13.8| 0.75 0.40 19.00 11.00
ROBERTSON 4 East Texas 13.8 1.11) 0.71 13.99| 13.8) 0.75 0.40 26.00 13.00
RUNNELS 5 West Texas 20.6| 0.87 0.66, 14.18] 20.6) 0.50 0.40 38.00 13.00
SAN SABA 5 West Texas 20.6 0.87 0.66) 14.18] 20.6) 0.50 0.40 38.00 13.00
SCHLEICHER 5 West Texas 20.6 0.87 0.66 14.18| 20.6 0.50 0.40 38.00 13.00
SCURRY 7 West Texas 20.6] 0.87, o.66| 26.75] 14.18] 20.6) 0.45 0.40 38.00 19.00
SHACKELFORD 6 West Texas 20.6| 0.87 0.66, 26.75] 14.18 20.6) 0.46 0.40 38.00 16.00
SOMERVELL 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
STARR 2 East Texas 13.8] 1.11] 0.71] 27.08| 13.90 13.9] 0.90 0.40 19.00 11.00
STEPHENS 6 West Texas 20.6] 0.87, 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
STERLING 6 West Texas 20.6, 0.87, 0.66, 26.75) 14.18 20.6) 0.46 0.40 38.00 16.00
STONEWALL 7 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.45 0.40 38.00 19.00
SUTTON 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
TAYLOR 6 West Texas 20.6] 0.87, 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
TERRELL 5 West Texas 20.6 0.87 0.66, 26.75] 14.18] 20.6) 0.50 0.40 38.00 13.00
THROCKMORTON 6 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
TITUS 6 East Texas 13.] 1.11] 0.71] 27.08| 13.90| 13.8] 0.60 0.40 30.00 13.00
TOM GREEN 5 West Texas 20.6| 0.87 0.66, 26.75] 14.18 20.6) 0.50 0.40 38.00 13.00
UPTON 5 West Texas 20.6| 0.87 0.66 26.75| 14.18| 20.6 0.50 0.40 38.00 13.00
UVALDE 4 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.52 0.40 30.00 13.00
VAL VERDE 4 West Texas 20.6] 0.87, o.66| 26.75] 14.18] 20.6) 0.52 0.40 30.00 13.00
VAN ZANDT 6 West Texas 20.6| 0.87, 0.66) 26.75] 14.18 20.6) 0.46 0.40 38.00 16.00
WARD 6 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
'WASHINGTON 4 East Texas 13.8) 1.11] 0.71 27.08| 13.99 13.8| 0.75 0.40 26.00 13.00
WEBB 3 West Texas 13.] 1.11] 0.71] 27 oﬁ 13.99) 13.8 0.60 0.40 30.00 13.00
WHARTON 3 East Texas 13.8 111 0.71] 27.08 14.18 13.8] 0.75 0.40 19.00 11.00
WICHITA 7 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.45 0.40 38.00 19.00
WILBARGER 7 West Texas 20.6] 0.87, o.66| 26.75] 14.18] 20.6) 0.45 0.40 38.00 19.00
WILLACY 2 East Texas 13.8] 111 0.71) 27.08] 13.99 13.8] 0.90 0.40 19.00 11.00
\WINKLER 6 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
\WISE 6 West Texas 20.6 0.87 0.66 26.75| 14.18| 20.6 0.46 0.40 38.00 16.00
YOUNG 6 West Texas 20.6] 0.87, 0.66) 26.75] 14.18] 20.6) 0.46 0.40 38.00 16.00
ZAPATA 2 West Texas 13.8 111 o 7ﬂ 27.08] 13.99) 13 8] 0.60 0.40 30.00 13.00
ZAVALA 3 West Texas 13.] 1.11] o.71] 27.08] 13.99) 13.8] 0.60 0.40 30.00 13.00
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Table 10: 2010 Annual and Peak-day Electricity Savings from Implementation of the 2000 IECC / IRC for Single-
family Residences Using 1999 Base Year (1)

2010 Summary TRY 1999
Precode | C€0de Code- ATnonT; Total OSD
No. of compliant Precode Elec. Precode Code- Code- Total Annual Total OSD
Total compliant | Elec. Precode OSD
County Climate | Projected Annual Total OsDElec. | ooifpee | savings | S2ngs | Total NG | compliant NG Use compliant | NG Savings | NG Savings
Zone Units Annual Use (MWh/day) Use  [Total NG Use OSD NG Use | (Therm/yr) | (Therm/day)
(2010) Elec. Use | 000 "ice | (Mwhiday) Use MWhIYD | S0 20608 | (thermiyry | thermiyry | TMe™93Y) | i armiday)
i | (Mwhiday) | wi 7%of | o 0
T&D Loss
BASTROP 4 31 92| 436 2.03] 1.69) 59 0.37 3,669 3,416 6.74] 6.41] 254 0.33)
BEXAR 4 3,151] 50,015] 44,957 194.13 164.35] 5,412 31.86] 299,598 275,583 515.38] 490.88 24,015] 24.50
CALDWELL 4 10| 164 146 0.67] 0.56 19| 0.12] 872 812 1.60 1.52] 60 0.08]
COMAL 4 846 13,428 12,070 52.12 44.13 1,453 8.56 80,438 73,990 138.37 131.79 6,448 6.58
[ELLIS 5 87| 8,532 7,618 33.80 2817 977, 6.02| 62,821] 57,840] 75.86 72.07 4,981 3.79)
GREGG 6 198 3,261 2,868 13.18 10.81] 420 2.54] 33,741 28,628 41.89 39.79 5,113 2.09)
GUADALUPE 4 868] 13,777 12,384] 53.48 4527 1,491 8.78| 82,530 75,914] 141.97] 135.22| 6,615 6.75)
HARRISON 6 36 591] 521 2.38] 1.95] 76 0.45 6,198 5,253 7.62] 7.24] 945| 0.38
HAYS 5 1,130} 18,545 16,493 75.29 62.85] 2,196 13.32 98,481 91,701' 180.86 172.07 6,780 5.79'
HENDERSON 5 60 984] 872 3.95| 3.27] 120| 0.73 10,383] 8,945 12.69 12.06) 1,439 o.e%
HOOD 5 77 1,349 1,205 5.34] 4.45 155] 0.95] 9,@' 9,145 11.99 11.40 788| 0.60)

Atrected HUNT, 6 37 649 576] 2.57] 2.12] 79 0.47 4,785] 4,332 5.76| 5.48] 453 0.29)

County JOHNSON 5 37| 7,656 6,836 30.33 2528 877 5.40) 56,371 51,902 68.07 64.67 4,470 3.40)
KAUFMAN 6 187] 3,283 2,914 13.00 10.78 394 2.38| 24,123 21,565] 29.13 27.68 2,558 1.45|
NUECES 3 699 11,220 9,858 42.80 35.97 1,457 7.32] 75,211 68,860 156.18 148.80 6,352 7.38
PARKER 6 144] 2‘@| 2,244 10.01] 8.30) 304 1.3% 18,576] 16.606] 22.43 21.31 1,970 1.12]
ROCKWALL 3 489 8,585 7,621 34.00 28.20 1,031 6.21] 63,080] 56,391 76.17 72.37 6,689 3.80)
RUSK 5 0| 0| 0| 0.00) 0.00) 0| 0.00] 0| 0| 0.00 0.00 0| 0.00)
SANPATRICIO| 3 126 2,022 1,777 7.72] 6.48| 263 1.32] 13,557 12,412 28.15 26.82] 1,145 1.33]
SMITH 5 201 3,296 2,916 13.23] 10.92] 407 2.47] 34,783 30,538 42.52 40.40 4,246 2.12)
TRAVIS 5 3,140 51,533 45,831 209.22 174.64 6,101 37.00 273,654 254,815 502.56 478.14 18,839 24.42
UPSHUR 6 15 252] 224] 1.03 0.85 30 0.19 2,645 2,324 3.17 3.01] 321] 0.16]
VICTORIA 3 a7 702] 628] 2.72] 2.29] 80 0.46) 5,867 5,266 10.76) 10.26) 600] o.sﬂ
WILLIAMSON 5 1,889 31,002] 27,571] 125.87 105.06 3,671 22.26 164,628 153,295 302.34] 287.65] 11,334 14.69)
WILSON 4 31] 492] 242] 1.91 1.62] 53 0.31] 2,94_7| 2,711 5.07] .83 236 o,z?l
BRAZORIA 3 1,647 25,4&' 22,476 100.89) 83, &ﬂ 3,220] 18.20 194,265 176,111 362.68, 345.29 18,154 17.39]
CHAMBERS 4 226| 3,500 3, 0§| 13.75 11.42| 445] 2.49 24,421 50.67| 48.28| 2,460 2.3%
COLLIN 6 4,171 73,225] 64,910 290.03 239.92] 8,897 53.62 486,986] 649.72] 617.29) 51,066] 32.43
DALLAS 5 2,742 43,:@‘ 42,894| 190.30] 5,504 33.89 6| 427.13 405.80 28,045] 21.3_2|
DENTON 6 2,568 45,083 40,03' 178.57 5,415 32.62 400.02 380.05] 35,130) 19.97]
EL PASO 6 2,961 48,529 43,278 158.82 5,618 23.80] 362,975 324,034] 502.02] 478.99 38,941 23.02]
FORT BEND 4 4,724 73,143 64,493' 289.67 9,256 52.33] 557,150} 503,520' 1,040.25 990.37 53,530 49.89'

ont GALVESTON 3 1,731 26.785| 106.04] 3,384] 1913 204.173] 185,003 381.18] 362.90) 19,080)

County HARDIN 4 87 5.30) 172 0.96 10,348 9,401 19.50 18.59 947 I
HARRIS 4 11,057 171,198 678 21,664 122.48] 1,304,067 1,178,774 2,434.82] 231805 125,203 116.76)
JEFFERSON 4 959 14,869) s8] 1,899 10.59 114,068 103,629) 215.00) 204.87] 10,439 10.13
LIBERTY 4 193] 2,991 2,636 12 380 2.14] 22,762 20,576 42.50] 40.46 2,187 2.04
MONTGOMERY]| 4 2,723 42,161 37,175 166.97| 5,335 30.16 321,152 290,296 599.62 570.87 30,856 28.75
ORANGE 4 210) 3.256 2,867 13 416 2.32| 24,978 22,693 47.08 44.86 2,286 2.22)
TARRANT 5 4,203 73,633/ 65,749) 292] 8,436] 51.05] 542,169 499,181] 654.71] 622.02] 42,988 32.68
WALLER 2 9 139 123 0.55] @1 0.10 1,061 959) 1.98] 1.89| 102| 0.10)
ANDERSON 5 16 244] 218 0.91] 28 0.16 2,727 2,414 3.70) 3.53] 312] 0.17]
ANDREWS 6 31 555 495 1.64] 65' 0.25] 5,390} 4,805 5.47 5.23 585 0A24|
[ANGEL INA 5 43] 656 587 2.45| 7A| 0.42 7,:@' 6,489 9.95 9.49 839 0.4%
[ARANSAS 3 100 1,605, 1,410 6.12] 208 1.05] 10,760} 9,851 22.34 21.29 909 1.06}
ARCHER 7 12 245] 216 0.79) 32 0.14) 2,548 2,254 2.01] 1.92| 294] 0.09|
ATASCOSA 3 34 538| 284 2.09) 58 0.34) 3,229 2,969 5.56 5.30 260) 0.26]
AUSTIN 4 18 279 246 1.10) 35 0.20 2,123 1,919 3.96] 3.77 204] 0.19)
BANDERA 5 0| 0] 0| 0.00 0 0.00| 0 0| 0.00 0.00 0] 0.00]
BAYLOR 7 0 0 0 0.00) 0.00 0| 0.00 0| 0 0.00 0.00 0 0.00)
BEE 3 9 134] 120 0.52] 0.44) 15| 0.09) 1,123 1,008 2.06) 1.96] 115] 0.10)
BELL 5 1,750 31,473] 28,001] 118.10 98.21 3,715 21.29] 255,053 235,695 296.51 282.90) 19,358 1361
BLANCO 5 5| 82 73 0.33] 0.28 10 0.06) 3] 0] 0.80 0.76) 30 0.04]
BORDEN 7 19 335 300 0.88] 0.76) 37 0.12 5,944 5,294 4.70] 4.50 650 0.20]
BOSQUE 5 2 36 32 0.13] 0.11] 4| 0.02 291 269 0.34) 0.32 22 0.02)
BRAZOS 4 760] 11,767] 10,376] 46.60] 38.73 1,489 8.42] 89,635 81,023 167.36] 150.33] 8,612 8.03
BREWSTER 5 18] 332| 297 1.03 0.88] 37, 0.17) 3,215 2,969 3.04] 2.90) 246 0.14)
BRISCOE 8 7 156 135] 0.31] 0.28] 23 0.03 2,269 1,845 1.31] 1.25] 424 0.05]
BROOKS 2 3] 101] 83 0.38] 0.32) d 0.07 682] 616] 1.30) 1.24] 66 0.06)
BROWN 5 69 1,241 1,104 4.66 3.87 146| 0.84 10,056 9,293 11.69 11.15 763 0.54]
BURLESON 4 11 170| 150] 0.67] 0.56] 22| 0.12) 1,207 1173 2.42] 2.31] 125] 0.12)
BURNET 5 189 3,102 2,759 12.59 10.51] 367 2.23] 16,472 15,338 30.25 28.78 1,134 1.47]
CALHOUN 3 56 837] 748] 3.25] 2.73] 95 0.55 6,990 6,275 12.82] 12.23 715] o.sﬂ
CALLAHAN 6 2] 37 33 0.12] 0.10 5| 0.02 356] 317 0.34) 0.33 39 0.02)
CAMERON 2 1,062 17,848 15,578 68.24 56.87] 2,429 12.16 118,603 108,522 237.72 226.51 10,081 11.21]
CHEROKEE 5 16 244 218 0.91] 0.77] 28| 0.16 2,727 2,414 3.70] 3.53 312 0.17|
CHILDRESS 7 3 53 a7 0.14] 0.12) 6| 0.02 939 836 0.74) 0.71] 103[ 0.03
CLAY 7 0| 0| 0| 0.00) 0.00 0| 0.00 0| 0| 0.00 0.00 0 0.00)
COKE 6 0| 0| 0| 0.00) 0.00 0| 0.00 0| 0| 0.00 0.00 0 0.00)

ERCOT  [COLEMAN 5 1 19 17, 0.06] 0.05 2 0.01] 179 165] 0.17, 0.16 14 0.01]
COLORADO 4 7] 108 96 0.43] 0.36 14 0.08| 826 746 1.54] 1.47] 79 0.07]
COMANCHE 5 1 18] 16 0.07] 0.06 2| 0.01 146 135 0.17] 0.16 11 0.01]
CONCHO 5 1 18 17, 0.06| 0.05, 2 0.01] 179 165 0.17] 0.16) 14 0.01]
COOKE 6 26 456 204 1.80 1.49| 55 0.33] 3,35% 3,044 4.05 3.85 318] o,z%
CORYELL 5 194] 3,489 3,104 13.09 10.89 12| 2.36| 28,274 26,128] 32.87 31.36 2,146 1.51]
COTTLE 7 0 0 0 0.00 0.00] of 0.00] of of 0.00] 0.00] 0| 0.00|
CRANE 5 2| 36 32| 0.11 0.09 4 0.02] 348' 323 0.35 0.34 25 OADZI
CROCKETT 5 19 351 314 1.09] 0.92] (ﬂ 0.1% 3,%‘ 3,134 3.21 3.06 260 0.1%
CROSBY 7 0| 0 0 0.00) 0.00 0| 0.00 0| 0| 0.00 0.00 0 0.00)
CULBERSON 6 3| 29 4] 0.16] 0.14) 6| 0.02) 367] 328| 0.51] 0.49) 39 0.02)
DAWSON 7 1 36 31 0.09) 0.08| 4 0.01] 615] 537] 0.48 0.46) 78 0.02)
DEWITT 3 7] 105 93| 0.41 0.34] 12] 0.07] 874] 784] 1.60 1.53 89 0.07]
DELTA 6 3| 53 47| 0.21 0.17] 6 0.04 387 350 0.47] 0.44 37| 0.02|
DICKENS 7 0| 0| 0| 0.00) 0.00| 0| 0.00 0| 0| 0.00 0.00 0 0.00|
DIMMIT, 3 5| 85 75 0.32] 0.27) 11] 0.05 397 370] 0.82] 0.78 27 0.04)
DUVAL 3 0| 0| 0| 0.00) 0.00 0| 0.00 0| 0| 0.00 0.00 0| 0.00)
EASTLAND 6 1 19 16 0.06] 0.05 2| 0.01] 178] 158] 0.17 0.16 19 0.01]
ECTOR 6 268 4,800 4,275 14.17 12.18 561 2.13 46,602 41,540 47.28 45.20] 5,061 2.08|
EDWARDS 5 0 0 0| 0.00| 0.00 0| 0.00 0| 0| 0.00 0.00 0 0.00)
ERATH 6 45 837] 742 2.68] 2.26] 102 0.44) 8,004 7,130 7.71] 7.36] 874] o.3j
FALLS 5 5| 90 80 0.34] 0.28 11] 0.06) 729 673] 0.85 0.81] 55 0.04)
FANNIN 6 1 18 16| 0.07] 0.06) 2 0.01] 129 117 0.16 0.15 12) 0.01]
FAYETTE 4 5 77 68 0.31] 0.25 10 0.06 590] 533] 1.10| 1.05] 57 0.05]
FISHER 6 0| 0] 0 0.00 0.00| 0| 0.00 0 0 0.00| 0.00 0 0.00]
FOARD 7 0 0 0| 0.00) 0.00 0| 0.00 0| 0| 0.00 0.00 0 0.00)
FRANKLIN 6 2| 35 31] 0.14] 0.12) 4 0.03 258] 234] 0.31] 0.30 24 o.ﬂ
FREESTONE 5 9 162 144] 0.61] 0.51] 19 0.11] 1,312 1,212 1.52] 1.45] 100] 0.07]
FRIO 3 11] 1# 157 0.68| 0.57) 19 0.11] 1,045 960 1 aﬁ 1.71] 84 0.09]

December 2011 Energy Systems Laboratory, Texas A&M University System



2010 TERP Report, Vol. 11, pg. 199

Table 11: 2010 Annual and Peak-day Electricity Savings from Implementation of the 2000 IECC / IRC for Single-
family Residences Using 1999 Base Year (2)

2010 Summary TRY 1999
Total
Code- Total OSD
No. of Precode | o pliant | Precode Code- Annual Elec. Precode Code- Code- | Total Annual | Total OSD
Total compliant | Elec. . Precode OSD - .
County Climate | Projected Anmual Total ospElec. | oot | savings | S2Yings | Total NG | compliant NG Use compliant | NG Savings | NG Savings
Zone Units Elee Use | Annual Use Use Mwhiyny | MWhiday) Total NG Use| (0 |OSD NG use | (Thermiyn) | (Therm/day)
(2010) Elec. Use | (MWh/day) w/ 7%o0f | (Therm/yr) | (Therm/yr) (Therm/day)
(MWhiyr) (Mwh/day) [ w/ 79%of
(MWh/yr) T&D Loss
T&D Loss

GILLESPIE 5 34 558| 96| 2.27] 189 0.40 2,963 2,759 5.18| 204 0.26]
GLASSCOCK 6 0| 0 0 0.00) 0.00) 0.00 0 3 0.00 0 0.00)
GOLIAD 3 0| 0 0 o.q 0.00] 0 0| 0.00] 0 0.00)
GONZALES 4 1 16 14 0.06) 0. 95 87 0.16 8 .01
GRAYSON 6 75 1315 1,167 5.2_0| 0. 9,699 8.781] 11.10 o18| 58]
GRIMES 4 3| 46| 1] 0.18] 0. 354 320] 0.63 34] .03
HALL ) 0 0 0 0.00 0. 0 0| 0.00 0 00|
HAMILTON 5 0 0 0 0.00} 0.00] 0 0| 0.00] 0 ogl
HARDEMAN 7 0 0 0 0.00) o.ﬂ 0 o 0.00 0 0.00)
HASKELL 6 2 37 33 0.12] o.% 356] 317] 0.33 39 n.ogl
HIDALGO 2 3,101 52,114 454{# 199.26] 35.51] 346,317 316,881 ee1.zﬂ 29,436 32.75}
HILL 5 9 162] 1a4] 0.61] 19 0.11] 1312 1.45| 100| 0.07|
HOPKINS 6 10} 176 156 0.70) 21] 0.13] 1,290 1.48 122 0.08}
HOUSTON 5 2 31 27 0.11] 3 0.02) 341] 0.44) ﬁ 0.02]
HOWARD 6 2 36 32 0.11] 4 0.02) 348| 0.34) :ﬁl 0.02]
HUDSPETH 6 0 0 0 0.00) 0 0.00 0 0.00 0 0.00)
IRION 5 0| o of 0.00| 0| 0.00 0| of 0.00 of 0.00|
JACK 6 4 74 66[ 0.24] 9 0.04] 711 634 0.65[ 78[ n,cgl
JACKSON 3 12) 179 160 0.70) 20| 0.12) 1,498 1,345| 2.62] 153| 0.13]
JEFF DAVIS 6 0 0 0 0.00} 0 0.00 0 0| 0.00) 0 0.00|
JIM HOGG 2 0 0 0 0.00) 0 0.00 0 0| 0.00 0 0.00|
JIM WELLS 3 18 289 254] 1.10| yz| 0.19) 1,937 1,773 3.83 164] 0.19|
JONES 6 0 0 0 0.00] 0 0.00 0 0| 0.00) 0 0.00]
KARNES 3 25 395 354] 1.52 4%‘ o.ﬁ 2,309 2,130} 4.02 179 0.19|
KENDALL 5 202] 3,200 2,877 12.41] 345 2.03] 19,148] 17572 31.47 1,576) 1,57
KENEDY 2 a1 689 601] 2.63] 94} 0.4# 4,579) 4,190} 8.74) 389 0.43]
KENT 7 0| o 0| 0.00| of 0.00[ of of 0.00 0| 0.00)
KERR 5 41] 673 598| 2.73] 80| 0.4% 3,573 3,327 6.24 246] 0.32}
KIMBLE 5 1 18 7‘ 0.06) 2| 0.01] 179 165] 0.16 14 0.01]
KING 7 of 0| of 0.00] of 0.00] 0| of 0.00 0| 0.00)
KINNEY 4 0 0 of 0.00) 0 0.00 0 0| 0.00 0 0.00)
KLEBERG 2 19 305] 268| 1.16] 39| 0.20 2,042 1,870 4.04) 172| 0.20|
KNOX 7 0| 0| 0| 0.00} 0| 0.00| 0| of 0.00] 0| 0.00|
LA SALLE 3 6| 102] 90 0.39) 13| 0.06) 76| 444 0.94) 32| o.oEI
LAMAR 6 6] 754] 665| 3.03] 96} 0.58 7,924 6.707] 9.25] 1.217 0.49|
LAMPASAS 5 14 252| 224] 0.94] 3 2,040 1,886 2.26] 155] 0.11]
LAVACA 4 9 134] 120) 0.52] 1121 1,004 1.96] 117] 0.10]
LEE 4 4 66 58 0.27] 349 325] 0.61] 24 0.03]
LEON 5 0 0 0 0.00) 0 0| 0.00 0 0.00)
LIMESTONE 5 4 72| 64 0.27] 583 539) 0.65] 44 0.03]
LIVE OAK 3 8 128] 113 0.49) 861] ﬁ' 1.70| 73 0.08|
LLANO 5 195 3,200] 2,846 12.99 16.994] 15,@' 29.69) 1,170 1.52]
LOVING 6 0 0 0 o. ﬂ 0 ol 0.00 0 0.00)
MADISON 4 19 294] 259 1.17] 2,241 2,026} 3.98 215| o.z_ol
MARTIN 6 9| 161 144 0.48] 1,565 1,395 1. g 170 0.07
MASON 5 9 148] 131 0.60) ﬁ' 730] 1.37] 54 0.07]
MATAGORDA 3 68 1,016 908| 3.94] 8,488 7,620} 14.85 869| 0.72]
MAVERICK 3 156 2,642| 2,329 10.07 12,377 11,543] 24.45] 834] 1.21]
MCCULLOCH 5 0 0 0 0.00) 0| 0.00 0 0.00]
MCLENNAN 5 442 7,949 7,072 29. g 64,419 59,530 71.45| 4‘@ 3.44]
MCMULLEN 3 0 0 0 0 0| 0.00 0 0.00)
ercor  |MEDINA 4 12) 190| 171] 1,141 1,050 1.87] o1 o.o%
MENARD 5 0 0 0 0 o 0.00 0 0.00]
MIDLAND 6 394] 7.057] 6.286] 68,511] 61.070) 66.45 7,441 3.06|
MILAM 4 3| 49 43 263 243] 0.46) 20] 0.02]
MILLS 5 0 0 0 0 0| 0.00 0 0.00)
MITCHELL 6 1 19 16 178 158 0.16) 19 0.01]
MONTAGUE 6 0 0 0 0 o 0.00 0 0.00)
MOTLEY 7 0 0 0 0 0| 0.00 0 0.00|
NACOGDOCHE{ 5 38 580 518 6,476 5,734 8.39) 742| o.AgI
NAVARRO 5 10 180 160 1,457 1,347 1.62] 11ﬂ 0.08|
NOLAN 6 1] 19| 16 178 1i—9| o.d 19[ o.oll
PALO PINTO 6 16| 298 264 2,846 2,535} 2.62| 311 0.12]
PECOS 5 6} 111 99 1,072 990] 0.97] El 0.05|
PRESIDIO 5 2| 37, 33| 357] 330| 0.32] 27, 0.02}
RAINS 6 0 0 0 0 o 0.00 0 0.00)
REAGAN 5 0 0 0 0 0| 0.00 0 0.00)
REAL 5 0 0 0 0 ol 0.00 0 0.00)
RED RIVER 6 11] 180] 159 1,895 1,604 2.21] 291] 0.12]
REEVES 6 1] 18| 16 174 155[ 0.17] 19 0.01}
REFUGIO 3 3 zﬁ 40 374] 336] 0.65 Tﬂ u.cd
ROBERTSON 4 6 93] 82| 708] 640} 1.26] 68| 0.06]
5 1 18] 17 17ﬂ 165] 0.16) 14 0.01]

SAN SABA 5 0 0 0 of 0| 0.00 0 0.00]
SCHLEICHER 5 0 0 0 of 0| 0.00] 0 0.00|
SCURRY 7 50 880 790] 15‘64£| 13,931 11.85 1711 53]
SHACKELFORH 6 0| 0 0 0 3 0.00 0 .00
SOMERVELL 5 8| 140| 125 1,032] 950] 1.18] 82 .06
STARR 2 2 34 29 223] 204] 0.43 d .02
STEPHENS 6 3] 56] 49] 534 475 0.49 5% .02]
STERLING 6 0| 0 0 0 0| 0.00 0 .00
STONEWALL 7 0| 0| [§ 0| of 0.00 of ogl
SUTTON 5 0 0 0 0 o 0.00 0 .00
TAYLOR 6 270 5,025 4,453 48,024 42,781 44.18] 5,243 10|
TERRELL 5 [ 0| 0| A of 0.00] 0| ogl
THROCKMORT: 6 ol 0 0 0 0| 0.00 o] 0.00)
TITUS 6 4] 66| 58] 689) 583] 0.80 106[ 0.04
TOM GREEN 5 177 3,269 2,925 31,610] 29,191] 28.50 2,419 1.38|
UPTON 5 1 18 16 174 161] 0.17] 13 0.01]
UVALDE 4 10 159 143 951 875 1.56] 76| 0.08|
VAL VERDE 4 30} 476 28| 2,852 2,624] 4.67) 229 .23
VAN ZANDT 6 5| 88| 78 ed 584] 0.74) 61 .04
6 7| 125 112) 1217 1,085 1.18] 132] 05|

WASHINGTON 4 54 836| 737 X 6,369 5,757 11.32 sﬁ' 57|
WEBB 3 636 10,770 9,493 50,461 47,061 99.70] &4@' 4.s§|
WHARTON 3 61 912] eﬁ' 0.60 7,614 6.835] 13.32] 779| 0.64]
WICHITA 7 145 2,962 2,604] 30,787 27,230 23.21 3,557| 1.13|
WILBARGER 7 2) zﬁ 36| 425 ﬁ' 0.32] 49| u.tgl
WILLACY 2 16 269] 235| 1,787 1,635 3.41] 152] 0.17]
WINKLER 6 1 18] 16 174) 155 0.17] 19 u,oll
WISE 6 31 544] 82| 3,999 3,619] 4.59) 380) 0.24]
YOUNG 6 5| s% s% 889 79_2| 0.82 97| 0.04
ZAPATA 2 0 0 0 0 o O.ﬁ 0 0.00)
ZAVALA 3 4| 68| 60| 317 296] o.sﬁl 21 0.03]
TOTAL 66,017] | | 706,054 599)
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Table 12: Allocation of PCA for each of 41 non-attainment and Affected Counties, and ERCOT Counties (1)
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___Count Elec. Utilities 1 PCA Percentage Elec. Utilities 2 PCA Percentage |
NDERSON ONCOR XU Electric/PCA 00%|Trinity Valley EC O
|ANDREWS ONCOR XU Electric/PCA 00%]|Cap Rock EC 0
|JANGELINA ONCOR XU Electric/PCA 00 am Houston EC o]
ARANSAS CPL(AEP) merican Electric Power - West (ERCOT)/PCA 00 an Patricio EC 0
ARCHER ONCOR TXU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
ATASCOSA CPL(AEP) American Electric Power - West (ERCOT)/PCA 54%|CPSB San Antonio Public Service Bd/PCA 46
AUSTIN RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 100%|Bellville O
BANDERA* Bandera EC
BASTROP ONCOR TXU Electric/PCA 100%| Smithville 0%]
BAYLOR ONCOR TXU Electric/PCA 100%|Seymour 0%]
BEE CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|San Patricio EC 0%]
BELL ONCOR TXU Electric/PCA 100%|Bartlett EC 0%
BEXAR CPSB San Antonio Public Service Bd/PCA 100%|Bandera EC 0%
BLANCO* Pedernales EC Central Texas EC
BORDEN* Lyntegar EC Big Country EC
BOSQUE T-NMP Texas-New Mexico Power Co/PCA 100%|United Coop Services 0%
BRAZORIA RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 97%|T-NMP. Texas-New Mexico Power Co/PCA 3%
BRAZOS* BRYAN College Station
BREWSTER \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Rio Grande EC 0%
RISCOE XCEL(SPS) WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%)|
ROOKS CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Medina EC 0
ROWN ONCOR TXU Electric/PCA 85%|WTU(AEP)  American Electric Power - West (ERCOT)/PCA 15
URLESON ENTERGY Entergy Electric System/PCA 00 O
URNET ONCOR TXU Electric/PCA 00%|Pedernales EC o]
ALDWELL CPL(AEP) American Electric Power - West (ERCOT)/PCA 00 0
ALHOUN CPL(AEP) American Electric Power - West (ERCOT)/PCA 00%|Victoria EC 0
ALLAHAN TU(AEP) American Electric Power - West (ERCOT)/PCA 00 |T§ylorEC 0
AMERON CPL(AEP) American Electric Power - West (ERCOT)/PCA 00 Ma%ic Valley EC 0
HAMBERS RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 70%|ENTERGY Entergy Electric System/PCA 30
HEROKEE ONCOR TXU Electric/PCA 100%|Cherokee County EC 0
HILDRESS \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Greenbelt EC 0
LAY ONCOR TXU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
COKE \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Concho Valley EC 0
COLEMAN \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Coleman 0
COLLIN ONCOR TXU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2%
COLORADO CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Weimar 0%]
COMAL CPSB San Antonio Public Service Bd/PCA 100%]New Braunfels 0%
COMANCHE ONCOR TXU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2%
CONCHO \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Concho Valley EC 0%
COOKE ONCOR TXU Electric/PCA 100%|Cooke County EC 0%
CORYELL ONCOR TXU Electric/PCA 98%| T-NMP. Texas-New Mexico Power Co/PCA 2%
COTTLE \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|South Plains EC 0%
CRANE ONCOR TXU Electric/PCA 100%, 0%
CROCKETT \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Rio Grande EC 0%
CROSBY* XCEL(SPS) Crosbyton
CULBERSON EPEC El Paso Electric Co/PCA 100%|Rio Grande EC 0%
DALLAS ONCOR XU Electric/PCA 100%|Garland 0%
DAWSON ONCOR XU Electric/PCA 100%|Lyntegar EC 0
DELTA ONCOR XU Electric/PCA 100%]Lamar County EC o]
DENTO! ONCOR XU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
DEWIT, CPL(AEP) merican Electric Power - West (ERCOT)/PCA 00%]|Yoakum 0
DICKENS TU(AEP) American Electric Power - West (ERCOT)/PCA 00%]|South Plains EC 0
DIMMIT CPL(AEP) American Electric Power - West (ERCOT)/PCA 00%]|Medina EC 0
DUVAL CPL(AEP) American Electric Power - West (ERCOT)/PCA 00%]|Medina EC 0
EASTLAND ONCOR TXU Electric/PCA 85%|WTU(AEP) American Electric Power - West (ERCOT)/PCA 15
ECTOR ONCOR TXU Electric/PCA 00%)]Goldsmith o]
EDWARDS CPL(AEP) American Electric Power - West (ERCOT)/PCA 00%]|Rio Grande EC 0
ELLIS ONCOR XU Electric/PCA 00%]|Navarro County EC 0
ERATH ONCOR XU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
FALL! ONCOR XU Electric/PCA 100%|Belfalls EC O
FANNIN ONCOR XU Electric/PCA 98%]| T-NMP Texas-New Mexico Power Co/PCA 2
FAYETTE* La Grange Schulenburg
FISHER \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Big Country EC 0%]
FOARD~ XCEL(SPS) Floydada
FORT BEND RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 100%, 0%
FRANKLIN SWEPCO(AEP) Southwestern Public Service Co/PCA FEC Electric
FREESTONE ONCOR TXU Electric/PCA 100%|Navasota Valley EC 0%
FRIO CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Medina EC 0%
GALVESTON RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 97%| T-NMP Texas-New Mexico Power Co/PCA 3%
GILLESPIE* Fredericksburg Pedernales EC
GLASSCOCK ONCOR TXU Electric/PCA 100%|Cap Rock EC 0%
GOLIAD CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Karnes EC 0%
GONZALES CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Gonzales 0%
GRAYSON ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
GRIMES ENTERGY Entergy Electric System/PCA 100%|Mid-South EC 0%
GUADALUPE CPSB San Antonio Public Service Bd/PCA 00%]|Seguin 0
HALL \WTU(AEP) American Electric Power - West (ERCOT)/PCA 00%]Lighthouse EC 0
AMILTON T-NMP Texas-New Mexico Power Co/PCA 00%]|United Coop Services 0
ARDEMAN \WTU(AEP) American Electric Power - West (ERCOT)/PCA 00%]|South Plains EC 0
ARRIS RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 70%|ENTERGY. Entergy Electric System/PCA 30
IASKELL \WTU(AEP) American Electric Power - West (ERCOT)/PCA 00%]|Big Country EC 0
HAYS San Marcos Lower Colorado River Authority/PCA 00%|Pedernales EC o]
HENDERSON ONCOR TXU Electric/PCA 00%| Trinity Valley EC O
HIDALGO CPL(AEP) American Electric Power - West (ERCOT)/PCA 00%]|Magic Valley EC 0
HILL ONCOR XU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
HOOD ONCOR XU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2
HOPKINS ONCOR XU Electric/PCA 00%|SWEPCO(AEP) O
HOUSTON ONCOR XU Electric/PCA 00%]Houston County EC o]
HOWARD ONCOR XU Electric/PCA 00%]|Cap Rock EC 0%]
HUDSPETH EPEC El Paso Electric Co/PCA 100%|Rio Grande EC 0%
HUNT ONCOR TXU Electric/PCA 98%|T-NMP Texas-New Mexico Power Co/PCA 2%
IRION \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Cap Rock EC 0%
JACK ONCOR TXU Electric/PCA 98%| T-NMP. Texas-New Mexico Power Co/PCA 2%
JACKSON CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Jackson EC 0%
JEFF DAVIS \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Rio Grande EC 0%
JIM HOGG CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Medina EC 0%
JIM WELLS CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Nueces EC 0%
JOHNSON ONCOR TXU Electric/PCA 98%| T-NMP. Texas-New Mexico Power Co/PCA 2%)
JONES \WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Taylor EC 0%
KARNES CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Floresville 0%
December 2011 Energy Systems Laboratory, Texas A&M University System
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Table 13: Allocation of PCA for each of 41 non-attainment and Affected Counties, and ERCOT Counties (2)

County Elec. Utilities 1 PCA Percentage Elec. Utilities 2 PCA Percentage
KAUFMAN ONCOR TXU Electric/PCA 100%)| Trinity Valley EC 0%
KENDALL* Boerne Central Texas EC
KENEDY* Nueces EC Magic Valley EC
KENT WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|South Plains EC 0%
KERR* Kerrville Bandera EC
KIMBLE WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]Central Texas EC 0%
KING WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]| South Plains EC 0%
KINNEY CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Rio Grande EC 0%
KLEBERG CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Nueces EC 0%
KNOX WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%)| Tri-County EC 0%
LA SALLE CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Medina EC 0%
LAMAR ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
LAMPASAS ONCOR TXU Electric/PCA 100%]|Lampasas 0%
LAVACA* Schulenburg Yoakum
LEE* Giddings Lexington
LEON ONCOR TXU Electric/PCA 75%|ENTERGY Entergy Electric System/PCA 25%)
LIMESTONE ONCOR TXU Electric/PCA 75%|ENTERGY Entergy Electric System/PCA 25%)
LIVE OAK CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|San Patricio EC 0%
LLANO* Llano Pedernales EC
LOVING ONCOR TXU Electric/PCA 100% 0%
MADISON ENTERGY Entergy Electric System/PCA 100%]|Houston County EC 0%
MARTIN ONCOR TXU Electric/PCA 100%]|Cap Rock EC 0%
MASON* Mason Cap Rock EC
MATAGORDA CPL(AEP) American Electric Power - West (ERCOT)/PCA 19%]|RELIANT(CENTER POINT) [Reliant Energy HL&P/PCA 81%)|
MAVERICK CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Rio Grande EC 0%
McCULLOCH WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Brad! 0%
McLENNAN ONCOR TXU Electric/PCA 98%]| T-NMP Texas-New Mexico Power Co/PCA 2%
McMULLEN CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Karnes EC 0%
MEDINA CPL(AEP) American Electric Power - West (ERCOT)/PCA 54%|CPSB San Antonio Public Service Bd/PCA 46%
MENARD WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Cap Rock EC 0%
MIDLAND ONCOR TXU Electric/PCA 100%]|Cap Rock EC 0%
MILAM ONCOR TXU Electric/PCA 75%|ENTERGY Entergy Electric System/PCA 25%)
MILLS* Goldwaithe Cap Rock EC
MITCHELL ONCOR TXU Electric/PCA 100%]|Cap Rock EC 0%
MONTAGUE ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
MONTGOMERY ENTERGY Entergy Electric System/PCA 30%|RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 70%)
MOTLEY WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]Lighthouse EC 0%
NACOGDOCHES |ONCOR TXU Electric/PCA 100%]| Cherokee County EC 0%
NAVARRO ONCOR TXU Electric/PCA 100%]|Navarro County EC 0%
NOLAN WTU(AEP) American Electric Power - West (ERCOT)/PCA 15%]ONCOR TXU Electric/PCA 85%)
NUECES CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]| Robstown 0%
PALO PINTO ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
PARKER ONCOR TXU Electric/PCA 100%]| Weatherford 0%
PECOS WTU(AEP) American Electric Power - West (ERCOT)/PCA 15%]|ONCOR TXU Electric/PCA 85%)
PRESIDIO WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Rio Grande EC 0%
RAINS T-NMP Texas-New Mexico Power Co/PCA 100%|FEC Electric 0%
REAGAN WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Cap Rock EC 0%
REAL CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Bandera EC 0%
RED RIVER ONCOR TXU Electric/PCA 100%| SWEPCO(AEP) 0%
REEVES WTU(AEP) American Electric Power - West (ERCOT)/PCA 15%|ONCOR TXU Electric/PCA 85%
REFUGIO CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]San Patricio EC 0%
ROBERTSON ENTERGY Entergy Electric System/PCA 100%]|Hearne 0%
ROCKWALL ONCOR TXU Electric/PCA 100%| FEC Electric 0%
RUNNELS WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%] Coleman County EC 0%
RUSK SWEPCO(AEP) Southwestern Public Service Co/PCA 0%|ONCOR TXU Electric/PCA 100%
SAN PATRICIO CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|San Patricio EC 0%
SAN SABA* San Saba Central Texas EC
SCHLEICHER WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Pedernales EC 0%
SCURRY ONCOR TXU Electric/PCA 100%]|Cap Rock EC 0%
SHACKELFORD  |WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%| Fort Belknap EC 0%
SMITH ONCOR TXU Electric/PCA 100%| SWEPCO(AEP) 0%
SOMERVELL T-NMP. Texas-New Mexico Power Co/PCA 100%]|United Coop Services 0%
STARR CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Medina EC 0%
STEPHENS ONCOR TXU Electric/PCA 100%]|Comanche EC 0%
STERLING WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Cap Rock EC 0%
STONEWALL WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Big Country EC 0%
SUTTON WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Pedernales EC 0%
TARRANT ONCOR TXU Electric/PCA 100%)| Tri-County EC 0%
TAYLOR WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%] Taylor EC 0%
TERRELL T-NMP. Texas-New Mexico Power Co/PCA 100%]|Rio Grande EC 0%
THROCKMORTON |WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%|Fort Belknap EC 0%
TITUS SWEPCO(AEP) Southwestern Public Service Co/PCA 0%]| T-NMP. Texas-New Mexico Power Co/PCA 100%
TOM GREEN WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]| Concho Valley EC 0%
TRAVIS ONCOR TXU Electric/PCA 97%|Austin Energy Austin Energy/PCA 3%
UPTON WTU(AEP) American Electric Power - West (ERCOT)/PCA 15%]|ONCOR TXU Electric/PCA 85%
UVALDE CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Bandera EC 0%
VAL VERDE CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Rio Grande EC 0%
VAN ZANDT ONCOR TXU Electric/PCA 100%|SWEPCO(AEP) 0%
VICTORIA CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%)| Victoria EC 0%
WALLER RELIANT(CENTER POINT) |Reliant Energy HL&P/PCA 100%|Hempstead 0%
WARD ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
'WASHINGTON ENTERGY Entergy Electric System/PCA 100%|Bluebonnet EC 0%
WEBB CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Rio Grande EC 0%
'WHARTON RELIANT(CENTER POINT) [Reliant Energy HL&P/PCA 81%|CPL(AEP) American Electric Power - West (ERCOT)/PCA 19%
WICHITA ONCOR TXU Electric/PCA 100%|Electra 0%
WILBARGER WTU(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Vernon 0%
WILLACY CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%|Magic Valley EC 0%
WILLIAMSON ONCOR TXU Electric/PCA 97%|Austin Energy. Austin Energy/PCA 3%,
WILSON Floresville San Antonio Public Service Bd/PCA 100%)|Guadalupe Valley EC
WINKLER ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
WISE ONCOR TXU Electric/PCA 100%|Bridgeport 0%
YOUNG ONCOR TXU Electric/PCA 98%| T-NMP Texas-New Mexico Power Co/PCA 2%
ZAPATA CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Medina EC 0%
ZAVALA CPL(AEP) American Electric Power - West (ERCOT)/PCA 100%]|Medina EC 0%
December 2011 Energy Systems Laboratory, Texas A&M University System
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Table 14: 2010 Totalized Annual Electricity Savings from the 2000 IECC / IRC by PCA for Single-family

Residences Using 1999 Base Year

pCA Total Electricity Savings by PCA
(MWh) 2010-TRY 1999
American Electric Power - West (ERCOT)/PCA 15,208.46
Austin Energy/PCA 354.87
Brownsville Public Utils Board/PCA 0.00l
Lower Colorado River Authority/PCA 2,291.89
Reliant Energy HL&P/PCA 35,883.11
San Antonio Public Service Bd /PCA 8,562.67
South Texas Electric Coop Inc/PCA 0.00l
Texas Municipal Power Pool/PCA 0.00l
Texas-New Mexico Power Co/PCA 647.36
TXU Electric/PCA 51,094.67
El Paso Electric Co/PCA 30.13
Entergy Electric System/PCA 8,750.52
Total 122,823.67

December 2011

Energy Systems Laboratory, Texas A&M University System
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