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Motivation: Electricity in ERCOT
• Isolated power grid
• Texas #1 in coal, gas, and wind

• Solar is small but growing fast

• Texas #1 in CO2, NOx & SO2
• Climate, ozone, PM2.5, regional 

haze, and health impacts 
• Hundreds of mortalities per year

• Motivating question: Can wind 
and solar displace coal 
throughout the year?
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ERCOT

ERCOT fact sheet; NREL seams study

http://www.ercot.com/content/wcm/lists/197391/ERCOT_Fact_Sheet_8.11.20.pdf
https://www.nrel.gov/analysis/seams.html


http://www.ercot.com/gridinfo/resource

Rapid growth in wind and solar
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Notes:
- The data presented here is based upon the latest information provided to ERCOT by resource owners and developers and can change without notice.
- Installed capacities are based on nameplate rating of the commercially operational generation and reflect retirements or rating changes due to facility expansions or repowering as  
these occur.

- Cumulative MW Installed does not include Private Use Network (PUN) units.
- Note that Installed capacities in ERCOT's Operations reports (such as for example Hourly Wind Output Reports) also include capacities for which Synchronisation to ERCOT grid has 
been approved (Part 2 Approval of the Commissioning Checklist) but not yet Approved for Commercial Operation. 

- Installed capacities include only wind facilities that have registered with ERCOT (Those larger than one megawatt and supply power to the ERCOT system.)
- Other Planned capacity reflects registered projects under 10 MW in size that are not included in the Resource Integration and Ongoing Operations Interconnection Services  
(RIOO-IS) System.

- This chart reports annual planned units with projected Commercial Operations Dates throughout the calendar year. In contrast, ERCOT's Capacity, Demand and Reserves   
(CDR) report shows planned capacity projected to be commercially available on or before the start of the Summer and Winter Peak Load seasons.

- Financial security posted for funding interconnection facilities does not include CREZ security deposits, which are refunded to the Interconnecting Entity 
when an IA is signed.

- Projects that have prior-year Projected CODs that have not been met, and for which ERCOT has not received COD updates, appear as planned projects for the subsequent year. 
- Cumulative MW Synchronized pertains to projects that ERCOT has approved to generate energy for the grid but have not passed all qualification testing necessary to be 
approved for participation in ERCOT market operations.

ERCOT Wind Additions by Year (as of Aug 31, 2020)

3,633 3,633 3,633

577 577 577

1,805

7,688

9,507

20

1,179

3,303

15 15 72 121 169 289
566

1,068

1,857
2,281

6,035

13,077

17,020

0  MW

2,000  MW

4,000  MW

6,000  MW

8,000  MW

10,000  MW

12,000  MW

14,000  MW

16,000  MW

18,000  MW

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cumulative MW Installed Cumulative MW Synchronized IA Signed-Financial Security Posted IA Signed-No Financial Security

Notes:

- The data presented here is based upon the latest information provided to ERCOT by resource owners and developers and can change without notice.

- Installed capacities are based on nameplate rating of the commercially operational generation and reflect retirements or rating changes due to facility expansions or repowering as  

these occur.

- Cumulative MW Installed does not include Private Use Network (PUN) units.

- Installed capacities include only solar facilities that have registered with ERCOT (Those larger than one megawatt and supply power to the ERCOT system.)

- Other Planned capacity reflects registered projects under 10 MW in size that are not included in the Resource Integration and Ongoing Operations Interconnection Services  

(RIOO-IS) System.

- This chart reports annual planned units with projected Commercial Operations Dates throughout the calendar year. In contrast, ERCOT's Capacity, Demand and Reserves (CDR)  

report shows planned capacity projected to be commercially available on or before the start of the Summer and Winter Peak Load seasons.

- Projects that have prior-year Projected CODs that have not been met, and for which ERCOT has not received COD updates, appear as planned projects for the subsequent year.

- Cumulative MW Synchronized pertains to projects that ERCOT has approved to generate energy for the grid but have not passed all qualification testing necessary to be 

approved for participation in ERCOT market operations.

ERCOT Solar Additions by Year (as of Aug 31, 2020)

Wind Solar

Note: Larger scale for wind than solar;
ERCOT peak demand ~75,000 MW

http://www.ercot.com/gridinfo/resource


Not much battery storage yet
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Notes:
- The data presented here is based upon the latest information provided to ERCOT by resource owners and developers and can change without notice.
- Installed capacities are based on nameplate rating of the commercially operational generation and reflect retirements or rating changes due to facility expansions or repowering as  
these occur.

- Cumulative MW Installed does not include Private Use Network (PUN) units.
- The installed capacities reflect only those facilities that have registered with ERCOT (Those larger than one megawatt and supply power to the ERCOT system.)
- Other Planned capacity reflects registered projects under 10 MW in size that are not included in the Resource Integration and Ongoing Operations Interconnection Services  
(RIOO-IS) System.

- The capacities in this chart may not match those reported in the ERCOT Capacity, Demand and Reserves (CDR) report. The CDR report lists seasonal resource ratings expected at 
the time of the system hourly peak load. Such ratings are typically zero MW for battery storage facilities designed to provide short-duration grid reliability services such as frequency
regulation.

- This chart reports annual planned units with projected Commercial Operations Dates throughout the calendar year. In contrast, ERCOT's CDR report shows planned capacity 
projected to be commercially available on or before the start of the Summer and Winter Peak Load Seasons.

- For battery storage facilities co-located with generation equipment (hybrid systems), the installed capacities reflect the standalone battery capacity amounts.
- Projects that have prior-year Projected CODs that have not been met, and for which ERCOT has not received COD updates, appear as planned projects for the subsequent year.
- Cumulative MW Synchronized pertains to projects that ERCOT has approved to generate energy for the grid but have not passed all qualification testing necessary to be 
approved for participation in ERCOT market operations.

ERCOT Battery Additions by Year (as of Aug 31, 2020)

http://www.ercot.com/gridinfo/resource

Note: Small relative to 
75,000 MW peak demand

http://www.ercot.com/gridinfo/resource


Prior research: Air quality and health 
impacts of Texas coal power plants
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Hundreds of deaths per year, mainly due to SO2 à PM2.5

Strasert et al., 2018

https://doi.org/10.1080/10962247.2018.1537984


Comparison of CAMx / BenMAP, APEEP, and 
EASIUR health impact estimates

Strasert et al., 2018 6
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https://doi.org/10.1080/10962247.2018.1537984


Direct costs and externalities of coal electricity
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Direct variable O&M Externalities to climate and mortality

Average direct O&M + air & climate externalities for plants remaining open in 2019: $111.67/MWh
(Neglects capital costs and externalities to water and haze)

(Retired sites denoted by X)Strasert et al., 2018

x x x x

https://doi.org/10.1080/10962247.2018.1537984


Prior research: 
Complementarity of wind and 
solar resources in Texas
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Slusarewicz and Cohan, 2018

West TX wind

Solar

South TX wind

Considered only a dozen sites;
did not compare to coal output

https://jrenewables.springeropen.com/articles/10.1186/s40807-018-0054-3


Approach
• Wind and solar projects in ERCOT interconnection queue
• NREL System Advisor Model and WIND toolkit database to 

simulate solar and wind power output
• Meteorology data for 2009 – 2011

• ERCOT coal output and systemwide load data for 2019
• Treat system as single region (no transmission constraints)
• Mixed-integer optimization to select least-cost set of new wind 

and solar projects to displace >90% of coal output
• Can create surpluses at other times if zero-out coal
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Average capacity factors by county
(Simulations with 2009-2011 meteorology)
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Wind Solar



Capacity factors by month, hour, and region
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Proposed wind and solar projects by status
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FIS: Full Interconnection Study
IA: Interconnection Agreement

ERCOT June 2020 Generator Interconnection Status Report



Remaining coal plants in ERCOT (15,065 MW)
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Closed 2020



Proposed wind and solar projects
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Wind (108 sites; 26,272 MW) Solar (262 sites; 73,655 MW)

ERCOT June 2020 Generator Interconnection Status Report



Optimization modeling
• Building all 370 projects would cover 96.5% of coal load and 

yield surpluses at other times, but be costly
• Mixed-integer model: Minimize cost to satisfy p% of coal load
• Costs: Computed from NREL 2020 Annual Technology Baseline

• Wind: $118.48 per kW capacity per year
• Solar: $92.50 per kW capacity per year
• Coal: $111.67 per MWh (Strasert et al. 2018, direct + externalities)
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Cost-optimized solar and wind sites to 
replace 90% of coal output
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Wind (76 out of 108 sites) Solar (51 out of 262 sites)

$3.05 billion/year cost for new wind and solar
$7.83 billion in averted direct costs + externalities from coal (if $111.67/MWh)



Optimization results
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Costs to displace coal increase 
linearly until ~90% is displaced

Wind sites chosen first; 
Solar added to cover more coal load*

*Note: Our optimization does not consider time-varying price of electricity, 
which would tend to favor solar



Sites chosen by 90% optimization
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Note: Wind has lower 
$/MWh cost, but some 
solar is chosen for 
complementary timing



Generation in 90% optimization case
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Actual 
generation 

in 2019 Added wind

Added solar

Zero-out coal, 
add wind and 

solar Removed coal



Load left for other sources 
(not wind, solar, or coal) to cover
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January July

Surplus

Gap
Gap

Surplus

Red: Status quo
Blue: Zero out coal, add wind and solar from 90% optimization

Note: Needs become spikier (mild duck curve) in January; little change in July

Gap



Conclusions

• Substantial health impacts from coal in Texas
• Wind and solar provide output at complementary times
• Projects already in interconnection queue can displace coal
• Optimization identified least-cost path to displace 90% of coal
• No severe gaps in output if zero out coal, add wind and solar
• Future research will examine transmission and storage

21Acknowledgment: Funding from Energy Foundation


