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Outline
• Observations on ERCOT, February 2021
• ERCOT wind generation profile
• System cost of replacement energy (SCoRE)
• Coal plant retirements
• Cost of carbon capture and storage (CCS)
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ERCOT Generation Mix
M

W
h

Coal operates for several days as baseload

Natural Gas and Coal typically load follow to 
accommodate available Renewables

Natural Gas rises to meet increased system 
demand while making up for fewer available 

renewables until 2/15

Fuel Supply and Delivery Issues

Peak Solar 
down 81% from 

prior week
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Too Much Stress on one fuel source

ERCOT – Loss of Renewables
M

W
h

Fuel Supply 
infrastructure 

weatherization and 
space heating issues
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IAEE Economics of Energy & Environmental Policy

Reference – Rice U
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Short Term and Resource Power Potential Hourly Forecasts Vs Actual Generation

ERCOT 2023 Wind Generation data
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Generation forecast error minor most of the time but often significant, 
reaching ~8,400MW

Generation and forecast data from Hitachi Energy Velocity Suite. Actual generation values are impacted by 
curtailments
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Actual Generation

ERCOT 2023 Wind Generation data
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Energy

Total System Cost
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Objective
• Electricity systems changing with significant changes in the mix of power generation 

technologies 
• Traditional cost metrics – e.g., LCOE – fail to capture the additional costs of 

supporting certain capacity along the grid (e.g., storage or transmission)
• Need for a tool to estimate changes in total systems cost (TSC) from modifications 

motivated by decarbonization
Approach
• Dynamic tool estimates changes in TSC as new, low carbon technology (NLCT) 

replaces the capacity from a legacy, high carbon technology (LHCT)
• Technology replacements to achieve a decarbonization target 
• Compare technologies’ full implementation costs to implement maintaining 

reliability 
• Ensure zero loss of load events 

System Cost of Replacement Energy (SCoRE)
NETL SCoRE Tool

Energy Vol. 275, A Tool for Measuring the System Cost of Replacement Energy
Journal of Environmental Informatics Letter, Total Systems Cost: A Better Metric for Valuing Electricity in Supply Network Planning and 
Decision-Making

https://www.sciencedirect.com/science/article/pii/S0360544223007880#bbib3
https://www.researchgate.net/profile/Stephanie-Byrom/publication/351103952_Total_Systems_Cost_A_Better_Metric_for_Valuing_Electricity_in_Supply_Network_Planning_and_Decision-Making/links/608759802fb9097c0c0f9d0e/Total-Systems-Cost-A-Better-Metric-for-Valuing-Electricity-in-Supply-Network-Planning-and-Decision-Making.pdf
https://www.researchgate.net/profile/Stephanie-Byrom/publication/351103952_Total_Systems_Cost_A_Better_Metric_for_Valuing_Electricity_in_Supply_Network_Planning_and_Decision-Making/links/608759802fb9097c0c0f9d0e/Total-Systems-Cost-A-Better-Metric-for-Valuing-Electricity-in-Supply-Network-Planning-and-Decision-Making.pdf
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• Changes in the TSC from replacing a 
LHCT with a NLCT 

General Framework for Development

SCoRE Tool 

TH
E 

SY
ST

EM

Variable Generation

Firm/Dispatchable 
Generation

Storage

Consumers

Taxes & 
Levies

Fixed O&M 
Costs

Variable O&M 
Costs

Capital Costs

Source: Byrom, S, Bongers, G., Boston, A. and Garnett, A. (2021, April). Total System Cost: A better metric for 
valuing electricity in supply network planning and decision-making. Journal of Environmental Informatics Letters. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑎𝑎 =
𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖 − 𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖

𝑆𝑆𝑖𝑖𝑖𝑖
=
∆𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖−𝑖𝑖
𝑆𝑆𝑖𝑖𝑖𝑖

1

𝑇𝑇𝑆𝑆𝑆𝑆 = �
𝑎𝑎=1

𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚

𝑆𝑆𝑆𝑆𝐶𝐶 ∗ 𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝑎𝑎,𝑡𝑡 + 𝐶𝐶𝐹𝐹𝐹𝐹𝑎𝑎,𝑡𝑡 + 𝑉𝑉𝐹𝐹𝐹𝐹𝑎𝑎,𝑡𝑡 + 𝐶𝐶𝐹𝐹𝑆𝑆𝐹𝐹𝑎𝑎,𝑡𝑡 + 𝐼𝐼𝐼𝐼𝑇𝑇𝑎𝑎,𝑡𝑡 2

• 𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖 : TSC under a non-replacement scenario

• 𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖 : TSC under a replacement scenario

• 𝑆𝑆𝑖𝑖𝑖𝑖 : Generation from replacement scenario 

• 𝑆𝑆𝑆𝑆𝐶𝐶 : Capital recovery factor

• 𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶 : Capital costs

• 𝐶𝐶𝐹𝐹𝐹𝐹 : Fixed O&M costs

• 𝑉𝑉𝐹𝐹𝐹𝐹 : Variable O&M costs

• 𝐶𝐶𝐹𝐹𝑆𝑆𝐹𝐹 : Fuel costs

• 𝐼𝐼𝐼𝐼𝑇𝑇 : Integration costs

• 𝑎𝑎: Replaceable 
capacity

• 𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚 : Maximum 
replaceable capacity

• 𝑡𝑡 : Year
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SCoRE Evaluation Flow Chart
Hourly generation 

by technology 
type and load (L)

Retire X GW of LHCT

Reduce hourly 
generation of 

LHCT by X GWh

Add X GW of NLCT

Increase hourly 
generation of new 

technology to replace 
reduced legacy 

technology generation

Increase firm low 
carbon capacity 
(FLCC) and NLCT 

generation to meet L

X = X + ΔX GW 
until X = 

existing fossil 
capacity

Compute 
decarbonization 
rate and SCoRE

Add NLCT 
capacity

Increase hourly 
generation of NLCT 

while decreasing 
LHCT generation

Compute 
decarbonization 

rate

Storage

Curtailment

Compute 
SCoRE

Excess 
generation?

Does new 
total 

generation 
= L?

Enough 
FLCC 

capacity to 
meet L?

Legacy 
Technology 
Replacement 
Factor (LTRF) = 1

LTRF < 1

Yes

No

No

Yes

Yes

No

Constraint: Load is Met
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Scenario NLCT description Label

1 Solar PV Solar
2 Land-based Wind Wind
3 CFPP with CCS Coal + CCS
4 NGCC with CCS NGCC + CCS
5 Solar PV + Li-ion Battery Storage Solar + Li-ion
6 Solar PV + Flow Battery Storage Solar + Flow Battery
7 Land-based Wind + Li-ion Battery Storage Wind + Li-ion

Summary of Scenarios Considered

Technology Pathways to Decarbonization
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Summary of Primary Results

Results 
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Results Continued…

Scenario NLCT 
LHCT 

Replaced 
(%)

MAXFC
(GW) TDR (%)

New 
Capacity 

at TDR 
(GW)

ADR %

1 Solar 24% 15.9 48 50 58
2 Wind 23% 15.5 68 78 90
3 Coal + CCS 100% 58.4 88 41 90
4 NGCC + CCS 100% 58.4 88 41 90
5 Solar + Li-ion 24% 15.9 45 64 72

6 Solar + Flow 
Battery 24% 15.9 45 64 72

7 Wind + Li-ion 23% 15.5 43 26 88

TDR: Point at which SCoRE value associated with a New Low 
Carbon Technology begins to increase exponentially
ADR: Maximum decarbonization rate achievable with a NLCT
LHCT: Legacy High Carbon Technology
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• Spreadsheet based tool developed for computing SCoRE
• Applied to ERCOT 2019 
• General methodology – currently tool can accept data from any year and any ISO

• SCoRE evaluated for decarbonization through exclusive paths 
• Solar only
• Wind only
• Coal w/ CCS 
• NGCC w/ CCS – Lowest SCoRE, TDR = 88%, ADR = 90%
• Solar + Li-ion Storage
• Solar + Flow Battery Storage
• Wind + Li-ion Storage

• SCoRE values are similar for some NLCTs
• Beyond 40% reduction, NGCC with CCS is a competitive pathway to decarbonization 

in ERCOT

Conclusion
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Anticipated Coal Plant Retirements

Source: America’s Power
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Retrofit costs

DOE Carbon Management Liftoff

Pathways to Commercial Liftoff: Carbon Management 
(energy.gov)

https://liftoff.energy.gov/wp-content/uploads/2023/04/20230424-Liftoff-Carbon-Management-vPUB_update.pdf?utm_medium=email&utm_source=govdelivery
https://liftoff.energy.gov/wp-content/uploads/2023/04/20230424-Liftoff-Carbon-Management-vPUB_update.pdf?utm_medium=email&utm_source=govdelivery
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Natural Gas Combined Cycle with 97% CO2 Capture vs. No 
Capture (Greenfield)

Fossil Baseline Study Rev 4a Webinar Slides T. Schmitt, S. Leptinsky, et al (2022) Cost and Performance Baseline for Fossil Energy Plants Volume 1: Bituminous Coal 
and Natural Gas to Electricity (Technical Report) | OSTI.GOV

https://netl.doe.gov/projects/files/NETLsUpdatedPerformanceandCostEstimatesPowerGenerationFacilitiesEquippedwithCarbonCapture_020223.pdf
https://www.osti.gov/biblio/1893822
https://www.osti.gov/biblio/1893822
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Pulverized Coal with 99% CO2 Capture vs. No Capture
(Greenfield)

Fossil Baseline Study Rev 4a Webinar Slides T. Schmitt, S. Leptinsky, et al (2022) Cost and Performance Baseline for Fossil Energy Plants Volume 1: Bituminous Coal 
and Natural Gas to Electricity (Technical Report) | OSTI.GOV

https://netl.doe.gov/projects/files/NETLsUpdatedPerformanceandCostEstimatesPowerGenerationFacilitiesEquippedwithCarbonCapture_020223.pdf
https://www.osti.gov/biblio/1893822
https://www.osti.gov/biblio/1893822


21

Inflation Reduction Act
Incentive

Electricity and Industrial Sectors Only
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Electricity & Industrial Sectors

Inflation Reduction Act – Selected Tax Incentives

• 45: Production Tax Credit for Electricity from Renewables (placed in service 
before 2025) - 0.3 cents/kW, can increase by 5x if prevailing wage and 
apprenticeship (PWA) requirements are satisfied, with 10% bonus credits for 
“domestic content” and “energy community” siting available

• 45Y: Clean Electricity Production Tax Credit (projects placed in service in 2025 or 
thereafter) – similar credits to §45 above, now includes all zero-GHG emitting 
technologies

• 48: Investment Tax Credit for Energy Property (pre2025 facilities)– 6% of qualified 
investment for renewable energy facilities, can increase by 5x if  PWA 
requirements are satisfied, with 10%  point bonus credits for “domestic content” 
and “energy community” siting criteria available 

• 48E: Clean Electricity Investment Tax Credit (post 2025) – similar credits to §48 
above, now includes all zero-GHG emitting technologies

• 48(e): Low-Income Communities Bonus Credit – 10-20% point adder for qualified 
projects sited in low income areas 

• 168(e)(3)(B): Cost Recovery for Qualified Facilities, Qualified Property, and Energy 
Storage Technology - treated as 5-year property for depreciation purposes
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Electricity & Industrial Sectors

Inflation Reduction Act – Selected Tax Incentives

• 45U: Zero-Emission Nuclear Power Production Credit - 0.3 cents/kWh, can increase 
by 5x if  PWA  requirements are satisfied

• 48C: Advanced Energy Project Credit - 6% of taxpayer's qualifying investment
• 45X: Advanced Manufacturing Production Credit- domestic manufacturing of 

components for solar and wind energy, inverters, battery components, and 
critical minerals. Credit varies by technology

• 45Q: Credit for Carbon Oxide Sequestration - $17/metric ton of carbon dioxide 
captured and sequestered; $12/metric ton for carbon dioxide that is injected for 
enhanced oil recovery or utilized. Those amounts are $36 and $26, respectively, 
for direct air capture facilities. can increase by 5x if (PWA) requirements are 
satisfied

• 45V: Clean Hydrogen Production Tax Credit - $0.60/kg multiplied by the 
applicable percentage. The applicable percentage ranges from 20% to 100% 
depending on lifecycle greenhouse gas emissions. can increase by 5x if  PWA  
requirements are satisfied
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