Calculation of Integrated NOx Emissions
Reductions from Energy Efficiency and
Renewable Energy (EE/RE) Programs across
State Agencies in Texas

Jeff Haberl PhD, PE, Bahman Yazdani PE,
Juan-Carlos Baltazar PhD, PE,

International Conference for Enhanced Building Operations
| ¥ Tsinghua University - Beijing, China -September 14 -17, 2014

ACKNOWLEDGEMENTS

Faculty/Staff:  Jeff Haberl PhD, PE, Bahman Yazdani PE,
Juan-Carlos Bal PhD, PE, Jaya Mukhopadhyay PhD, Sung Lok Do PhD,
Shirley Ellis, Patrick Parker, Gali Zilbershtein PhD, Vic Reid, Ivonne
Mancouset, Stephen 0’Neal, Tammy Jennings, Larry Degelman, Ed

Dryden,
Students: Chunliu Mao, Sukjoon Oh
TCEQ: Vincent Meiller, Bob Gifford
PUCT: Therese Harris, Katie Rich
SECO: Dub Taylor, Stephen Ross
ERCOT: Paul Wattles, Dana Lazarous
USEPA: Art Diem, Julie Rosenberg

LEGISLATIVE RESPONSE

Legislation to reduce energy/emissions 2001 to Present

TERP Amended (81 Legislature, 2009)
Ch. 382. Health and Safety Code

Senate Bill 5 (77th Legislaturs, 2001)
Gh. 386 Texas Emissions Reduction Plan

‘Sec. 386.205. Evaluation OF State Energy Efficiency Programs (with PUC)
Ch. 388, Texas Buiding Energy Performance Standards

‘Sec. 388,003, Adoption Of Building Eneray Effiiency Performance Standards,

(8 386.252 (a) and
of TERP t0 2019 and requites Commission (o contract with
Laboratory for reditable EE/RE emissions reductions.

‘Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipaliy.
‘Sec. 388,007 Distribution Of Information And Technical Assistance.

‘Sec. 388.008. Development Of Home Energy Ratings.

TERP Amended (82 Legislature, 2011)
Ch. 477,004 Health and Safety Codo.
HB 51 Section 2, b-2, establishes advisory committee, which including
the Laboratory.
Section 3 & 4 amends review of municipal's amendments.
Gh. 388. Texas Buiding Enorgy Performance Standards Ch. 389,003 & 388,007 Health and Safety Code
(HB 1365) Sec. 388.004. Enforcement Of Energy Standards Outside Of S e T T e e e erar s amaraanis
Municipaly Ch. 385.006 Health and Safely Cade.
(HB]]300) Soc; 908,009 (Enerey;Sficlent Bk g Pourss: SB 898 Section 2, requires the Laboratory to calculate energy savings.
Ch. 388. Texas Buking Energy Performance Standards and emissions reductions for poliical subdivsions reporting to SECO.
(HB 3235) Sec. 388,009, Certfication of Municipal Inspectors. T 295061 IR o,
S8 924 Section 1g,h and Section 2c.d requires the Laboratory to

TERP Amended (78th Legislature, 2003)

TERP Amended (79th Legislature, 2005) and emissior
Ch. 382. Health and Safety Code subdivisions reporting to SECO.
(HB 2129) Sec. NO new amendments were passed in the 83" Legislature, 2013

wind and other renewables.
(HB 965) Sec. 3820275 Commission Action Relating to Water Heaters.

TERP Amended (80th Legislature, 2007)
Ch. 382. Health and Safety Code

(©-2). (b:3)

dopt
new editions of the [ECC based on writen recommendations from the Laboratory.
5

consiructed residences.

Ch. 386.252 Health and and Safety Code

(S8 12) Section 388,03 added subsection (b-1), (b-2) alows SECO to adopt new
editions

of the IECC based on written recommendations from the Laboratory.

OZONE ALERTS —Spatial & Temporal

North-Central Texas Southeast Texas
Sep 1, 2009 7 AM Auz 14, 2008 7 AM

EPA CRITERIA FOR SIP CREDITS

Quantifiable: The emission reductions must be quantifiable and include
procedures to evaluate and verify over time the level of
emission reductions actually achieved.

Surplus:  Emission reductions are surplus as long as they are not
otherwise relied on to meet air quality attainment requirements
in air quality programs related to your SIP.

Enforceability: (1) Directly against a source; (2) Against another party responsible
for the energy efficiency or renewable energy activity; or (3) Included
under our voluntary measures policy.

Record Keeping: The measure should be permanent throughout the term for which
the credit is granted unless it is replaced by another measure
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SAVINGS FROM CODE COMPLIANT CONSTRUCTION
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STATEWIDE SAVINGS FROM CODE COMPLIANCE

Savings (2002 to 2011) Demand Reduction in 2011

Electricity - $1,082 million 834 MW

Demand - $1,245 million More than one power plant

jlotalk $2,327 million Emissions Reduction in 2011
Increased Costs (2002 to 2011) 466 tons-NOx/year,

Costs - $ 724 million (About 158,923 cars)
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SAVINGS FROM RENEWABLES

Dam at Elephant Butte, EI Paso, TX

Webberville Solar Project, Austin, TX, Residential Solar Thermal System

Biomass Landfill Gas Geothermal

STATEWIDE SAVINGS FROM CODE COMPLIANCE
002 _ 2()
How much electricity has been saved from residential code compliance for all
single-family housing 2000-2011?
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STATEWIDE WATER SAVINGS AT POWER PLANTS
002 20
Electricity/Water Savings from SF (Code Compliance) and Total TERP (EE/RE)

Anmual teciric Smvings

R kA

2011 Total 2011 Total
Electricity Savings Water Savings

MWh/yr gal/yr acre-ft/yr
Single Family 1,366,174 587,454,820 1,803
Total TERP 37,494,180 | 16,122,497,400 49,478

WIND PROJECTS IN TEXAS (2013)

Substantial increases in measured electricity from wind energy.
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Total capacity: 11,401 MW in ERCOT
12,372 MW in Texas
New peak wind power generation in 2013: 3,690,464 MWh/month
Average Ozone Season Period (OSP) power generation increasing




WIND PROJECTS IN TEXAS

Completed, Announced, and Retired Wind Projects in Texas, as of Dec. 2013

g & @ 90 Wind Projects Completed
ERCOT Power Grid and M‘_ﬁ.:’oﬁ O 38 Wind Projects Announced
Wind Farms in Texas ol e ] )
T @ 1 Wind Project Retired

TRACKING WIND POWER GENERATION

Example: Indian Mesa ;
1 82.5 MW
: There is not Degradation!

Indisn Mesa (17.580) - Wind Powsr Generation of Sikding 12-Month Pericd (2002-2013)
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NOx REDUCTIONS USING eGRID

NOx Emissions Reductions Calculation
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NOx EMISSIONS REDUCTIONS FROM WIND

Regression Analysis for Indian Mesa o -
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Capacity Factors Using N-OSP & OSP Mosl
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WIND FARMS CAPACITY/PRODUCTION

Design and Hourly Measured Maximum Capacity for Wind Farms
OSP Wind Power Generation in Texas
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NOx REDUCTIONS FROM WIND POWER

New 2010 Annual eGrid for NOx Emissions

Unit: Ibs of NOX/MWh




NOx REDUCTIONS FROM WIND POWER

New 2010 OSD eGrid for NOx Emissions
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SAVINGS FROM OTHER RENEWABLES

Renewables: Biomass, Hydro, Landfill Gas, Solar, Wind
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Wind energy is the largest portion’
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Annual Electricity Generated in Texas by Resewable Sources

Solar has considerable

increased over 2013 ®lliaman = Hylre Wlandd gas * Solar

Steady in Landfill over
2013

Considerable decreased
in hydro over 2013

lectricity tene raieddin MWl

Also decreased in
biomass over 2013

INTEGRATED NOx SAVINGS

Integrated Emissions Savings Across Agencies To Report Savings To TCEQ
and EPA

State agencies included:
- TEES/ESL
-PUC
-SECO
- ERCOT/Wind
- SEER 12 Single/Multifamily

Total savings across agencies
Annual emissions reductions:
- By program
- By county
- By SIP area
- By ERCOT counties
- By City and Surrounding area with in 200km Radius
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WIND POWER IN TEXAS

OSD Power Generation and NOx Emissions Reductions (2008 base year)

Renewables*:
Solar PV
(3,223 projects)

Biomass
Hydro
Landfill Gas
Geothermal
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INTEGRATED NOx SAVINGS

2013 Integrated NOx Emissions Savings
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2013 integrated emissions savings are calculated using new 2010 eGrid
ESL Code Compliance (0.61 tons/day)
PUC SB7 programs (1.55 tons/day)
SECO Political Sub. (050 tons/day)
Green Power (Wind) (9.06 tons/day)
Residential AC Retrofits (0.50 tons/day)
Total (2013) (12.22 tons/day)




REPORTS: TERP U.S. AIR QUALITY IMPROVEMENT FROM 2005 - 2011

RBhdristriz)éhriotgiy @8 esIwin.tamu.edu/

2012 Reports:
+ IC3 Validation with EnergyPlus
/TRNSYS (Stage 3 & 4)
+ Recommendations for15% above
Code for Small Office and Retail

+ 2011 Renewable Report

B 2013 Reports

+ State wide savings from IECC
code
Methodology for Calculating
Cooling and Heating EIR from the
Rated SEER OR HSPF
A Simplified Residential Base-
case Model
Comparison of 2009 IECC Code-
Compliant House Performance
Predictions Using IC3,
REM/Rate, & ResCHECK
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