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A quick review of the ESL’s TERP duties: 

Currently, the ESL calculates statewide Energy Savings and NOx Emissions Reduction From Energy 

Efficiency and Renewable Energy from five areas:

1. Code-Compliant Construction: Energy savings from new construction: Single-family construction, Multi-

family construction, Commercial construction

2. Green Power Production: Wind, PV and other renewables

3. PUCT SB7: Energy efficiency programs implemented by electric utilities under the Public Utility 

Regulatory Act §39.905 

4. SECO: Energy-efficiency programs in school districts, government agencies, city and county 

governments, private industries and residential energy consumers
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5. A/C Retrofits: Installation of SEER 13/14 replacement air conditioners in existing residences
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The calculated electricity savings from new, code-compliant SF and MF construction is shown in this map 

using building permit data provided by the Texas A&M Real Estate Center.

(click)

As you would expect, the largest amount of single-family residential construction took place near Austin 

(Harris county) and in Houston (Travis county), both of which are in ozone non-attainment areas. 

4



To determine the 2021 NOx emissions reduction from residential SF and MF code compliant 

construction we use the 2018 USEPA eGRID to determine which electric power plants are 

effected.

(click)

The distribution of the NOx emissions reduction from electricity savings from new, code-compliant 

SF and MF residences represents those counties where the fossil fuel power plants are located 

according to the 2018 eGRID.
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NOx emissions reductions from the electricity produced by wind farms has become increasingly significant 

in recent years.

Large portions of Texas have significant wind resources, especially in the panhandle and the McCamey

region (purple). 

In 2021 wind represented 24% of Texas’ electricity use (Source: ERCOT 2022)

6



To calculate the NOx emissions reductions from the electricity generated by wind in 2021 we used the 15-

minute electricity data recorded and archived at ERCOT for the wind farms across Texas. 

In 2021 there were 188 completed projects (34,174 MW-max) statewide with most of the new projects in 

ERCOT (orange colored counties), followed by wind farms in the Southwest Power Pool (SPP) (blue) and 

finally wind farms in the Western Electricity Coordinating Council (WECC) (green – El Paso).

In the ESL’s calculations of the NOx emissions reduction calculations a “normalized” model for each wind 

farm is created, which is needed to normalize the electricity production for the USEPA’s 2018 base-year 

calculations.
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To determine the NOx emissions reductions the ESL developed a weather normalization method that 

predicts the electricity and NOx emissions reductions in the USEPA baseyear.
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The procedure for “normalizing” the electricity power production from a wind farm is shown here. This 

“normalization” is required to “back-cast” the measured 2021 wind electricity production data to the 

USEPA-required base year, which is 2018.

The procedure begins by collecting the hourly 2021 NOAA wind speed near the wind farms (1.7 million 

records) and the  electricity generated by the wind farms every 15-minutes in 2021 (6.7 million records for 

188 wind farms). 
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In the next step the 2021 hourly wind speed is converted to average daily wind speed and the 15-minute 

electricity production from wind farms across the state in 2021 is converted to daily electricity production.

In addition, the hourly wind speed associated with each wind farm in 2021 and the hourly wind speed from 

the same NOAA station in 2018 are converted to average daily wind speed.
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Next, a change-point linear regression model is created of the daily total electricity production versus 

average daily wind speed for each wind farm using the 2021 data.
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The coefficients from the regression model of the electricity production in  2021 are then used to calculate 

the predicted average daily electricity production that would have been produced in 2018 from the wind 

turbines that existed in 2021, which yields the “2018 normalized electricity production” for this wind farm.

This process is required by the USEPA to determine the normalized NOx emissions reductions in the “2018 

base year”, which means it needs to be completed for each of the 188 wind farms in Texas.
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Here is an example of the results for a portion of the wind farms across the state. Graphs like these are 

produced for the 188 wind farms in 2021. In the graphs, for each wind site, values are shown for 2021 and 

for the 2018 normalized year.

In general, the 2018 base year (green lines) was windier than 2021 (white lines). However, this was not 

uniform across all the wind farms. 
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These are graphs of the results for all the 188 wind farms in 2021. 
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In the next step the NOx emissions from the electricity produced by the fossil fuel burning electricity plants 

that was displaced by the wind-generated electricity in 2021 is determined for each power plant using the 

USEPA’s eGRID database for Texas (red = highest reduction, green = least).

The NOx emissions reduction for each county can then be compared to the location of the non-attainment to 

estimate the effectiveness of the NOx reduction in the non-attainment.

This sort of analysis helps Texas air quality planners estimate the progress of reducing NOx emissions from 

those power plants located near to the ozone non-attainment counties (which also tends to be the area of the 

largest populations. 
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The ESL also calculates the electricity power production from renewable sources, including: Solar PV, 

hydroelectricity, biomass, landfill gas, and wind farms as well as the electricity savings from the use 

of solar thermal (DHW and space heating) and ground-coupled heat pump HVAC systems 

(geothermal).

16



For several years now, Texas has been the largest producer of wind energy in the United States. 

As of January 2022, the installed capacity of wind turbines was 34,174 MW with another 6,530 MW 

announced for new projects to be completed by 2023.

These wind turbines produced 36,694 GWH/month in December of 2021.
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The ESL has been tracking the power produced by renewables in Texas since 2001. 

This graph shows the growth of all renewables in Texas from 2001 (the beginning of the TERP) through 

2021, resulting in 117,752 GWh (or 117.752 million MWh) of electricity generated in 2021.

Of this total the largest amount was generated by wind (green portion of the graph), with smaller but 

growing amounts of electricity generated from solar PV, landfill gas, hydro and biomass renewable sources.

Problem with this graph is that it hides the significant growth in non-wind renewables.
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When we remove the wind energy electricity generation and rescale the graph, we can see the enormous 

increase in solar PV from 8,779 GWh/yr in 2020 to 15,762 GWh/yr in 2021 (179% increase).

On this graph the electricity generated by other renewables includes: 

Biomass (248 GWh/yr),

Hydro (222 GWh/year), and 

Landfill (209 GWh/yr).
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These “other” renewables are scattered around the state, which requires contacting numerous sources for 

information each year. 

Non-utility Solar, 

Utility-scale Solar, 

Solar Thermal, 

Biomass, 

Hydroelectric, 

Geothermal, 

Landfill Gas
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So, in this way the integrated savings are calculated, each year, across state agencies, including:

TEES/ESL

PUC

SECO

ERCOT/wind, solar and

SEER 13/14 replacement

The NOx emissions reductions are then determined by: program, county, SIP area, ERCOT-served 

counties, Cities and surrounding areas.

are then rolled-up into a total value for:

SF, 
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This brings us to the total results for 2021, which unfortunately don’t fit well on a standard linear graph 

because of the 100x difference in the magnitude of the savings.

So, we’ll break this down into the non-renewable and energy efficiency programs. 
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First, we’ll show:

ESL Code Compliance    (0.57  tons/day)         

PUC SB7 programs         (0.37  tons/day)        

SECO Political Sub.*        (0.87  tons/day)         

Residential AC Retrofits   (0.47  tons/day)          

Then project these through 2026 (5 years ahead).
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Then, we show the renewables:

2021 Renewables (ERCOT)     (104.65  tons/day)         

(click)

(click)

(click)

2026 Renewables (ERCOT)     (389 tons/day)

Which is a 37% per year increase.

(click)

We can also see that the largest portion of the increase is attributable to the growth in solar PV.
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2021 = 25 tons/OSD

2026 = 389 tons/OSD
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The technical details for the NOx emissions reductions are presented in the ESL’s TERP report to the 

TCEQ (5 reports):

Statewide 2020 Air Emission Calculations from Wind and Other Renewables (Vol I and Vol II)

TCEQ 2020 Annual Preliminary Report: Integrated NOx Emissions Savings from EE/RE Programs 

Statewide

TCEQ 2020 Annual Report Volume I: Technical Report

TCEQ 2020 Annual Report Volume II: Technical Appendix

All reports are posted on-line at the ESL’s TERP web site.
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