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Clean Repowering: 
What it is and why it’s needed
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Executive Summary

More than 1.3 TW of proposed clean energy projects are stuck waiting years for permission to connect to the 
grid, while the demand for reliable, clean energy is skyrocketing.

Clean repowering — siting clean energy alongside existing fossil generators to leverage their grid connections 
via much faster surplus or generator replacement processes — is a near-term fix to help break this logjam.

We have identified 250 GW of economic clean repowering opportunities on an asset-by-asset level across the 
country that make use of new IRA incentives and surplus interconnection or generator replacement processes.

These are “no-regrets” opportunities, as they can reduce NPV of system costs by $21B through 2054 relative to 
BAU without impacting grid reliability, and are primarily concentrated in MISO, PJM, and the Southeast.

Establishing a generator replacement process in regions currently lacking a streamlined process could further 
expand this opportunity, unlocking up to 36 GW in PJM and ERCOT.
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~80% by 
2035
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>2x by 
2035

Achieving 1.5°C alignment requires the US electric sector 
to reliably meet ~2x demand while reducing emissions by 
80% by 2035 - not including AI-driven growth
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The Inflation Reduction Act (IRA) provides powerful 
incentives to supercharge both clean electricity 
deployment and electrification demand
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Improved & 
extended ITC and 

PTC

New tax credits 
for emerging 

clean technology

New loans to 
transition fossil 

assets

New home 
electrification & 

efficiency 
incentives

Expanded tax 
credits for vehicle 

electrification

*

*

>2x by 
2035

Demand projection for 1.5°C aligned scenario
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But US interconnection queues now have over 1.3 TW of 
renewables and storage with 3–5 years of wait time — a 
key barrier to 1.5°C alignment
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Clean repowering — deploying clean energy using 
existing fossil plants’ interconnections — can accelerate 
interconnection of cost-competitive clean energy

7

Surplus interconnection 
service: adding new generation 
at the site of an existing plant 
that would continue operating

Regional interconnection rules include two cases that allow for a more 
streamlined process

Generator replacement: 
adding new generation at the 
site of a retiring unit or plant

Two key IRA incentives 
improve the economics

Energy community 
tax credit bonuses: 
+10% on ITC or PTC

DOE Energy 
Infrastructure 
Reinvestment (EIR) 
Loans: up to $250B
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Clean repowering creates savings by reducing fossil 
operating costs and offsetting clean capital costs with 
IRA incentives
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Without clean
repowering

Clean repowering
capex net of IRA incentives

Clean repowering
opex

Fossil opex savings* With clean repowering

Clean costs increase largely 
offset by IRA benefits

Largest saving from 
avoided fuel and 

variable cost

*Including additional start up and 
ramp costs from lower utilization

Clean OpEx

Fossil OpEx

CapEx

Net Savings
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Clean repowering is a 250 GW “no-regrets” option, as it can 
reduce system costs by an NPV of $21B over a 30-year 
planning horizon while adding resources to improve reliability

Reliability
• Minimizes grid impacts of 

new generation + retirements

• Faster interconnection can 
help mitigate near-term 
reliability risks
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Affordability

• Avoids high costs of fossil 
fuel use and new 
transmission build

• Reduces interconnection 
process costs $0
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Several offshore wind projects along 
the East Coast are looking to use 

surplus or retiring fossil plant 
interconnections to connect to the grid

Plans for clean repowering projects are in development 
nationwide, and growing

10

Vistra is retiring its Joppa and 
Edwards coal plants and replacing 

them with battery storage

Xcel Energy plans to 
replace coal plants in 

Minnesota and Colorado 
with solar and long-

duration iron-air storage

Elevate Renewables is 
deploying storage at existing 

natural gas generation 
facilities and currently has a 
pipeline of 5 GW across 25 

locations in the Mid-Atlantic

Vistra replaced its Moss 
Landing natural gas plant 

with 750 MW of 4-hr 
battery storage

AES Indiana is adding 200 MW of storage (in 
addition to natural gas) to its retiring 
Petersburg coal-fired power station

PNM is prioritizing 
storage resources that 

”leverage existing 
interconnections” in its 

latest RFP
Xcel Energy is 

adding solar to two 
of its oldest natural 

gas units in New 
Mexico and Texas

Alliant Energy received a grant from 
the DOE Office of Clean Energy 

Demonstrations to pilot a compressed 
CO2 energy storage project at its 

Columbia Energy Center
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Clean Repowering: 
How and why interconnection fast-tracks work 
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The standard interconnection study process has been a 
major source of project delays and costs

Cluster 
request 
window

Customer 
engagement 

window Interconnection 
agreement

Customers 
request to 

join a 
cluster

Grid operator 
fixes any 
deficient 
requests

Cluster 
study

Stability, power 
flow, and short 
circuit analyses

45 days 60 days

150 days/study

Standard Interconnection Process*

150 days 

Cluster re-studies
(if needed)

No cap on number of re-
studies, triggered every time 

a project drops out

Facilities 
study

Done on an individual basis to identify 
specific network upgrade costs

90–180 days

Affected 
system study

(if needed)

Done only if project affects a neighboring 
grid region with the option for re-studies

150 days + 60 days/re-study

*Updated to reflect FERC Order 2023



RMI – Energy. Transformed.

“Fast-track” interconnection processes are shorter and 
simpler than the standard process
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Impact and reliability 
assessment study 

Facilities study
(if needed)

Interconnection 
agreement

Checks to ensure there are no 
adverse impacts or reliability 

concerns

Often bypassed because system 
impacts from re-using existing 

infrastructure are minor

60–180 days* 90 days*

* Times vary by region and are not binding

Surplus interconnection process

Impact study 

Generator replacement process
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Surplus interconnection service requests are governed 
by a federal standard (FERC Order 845)
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Priority is given to existing 
generation owners

Interconnection rights 
expire within one year of 
existing facility retiring

No network upgrades 
allowed

Key Components of FERC Order 845

All regions in the United States except for NYISO 
and ERCOT follow Order 845 requirements

- NYISO received a waiver based on its treatment of 
existing grid resources

- ERCOT is not FERC-jurisdictional and only has a process 
for adding storage to solar PV resources

Must not exceed total 
interconnection service of 

existing plant 

Has a surplus interconnection process

Does not have a surplus interconnection 
process
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Generator replacement processes that are separate 
from the queue exist in some regions but not others

Has a generator replacement process separate 
from the standard interconnection queue

Separate generator replacement process 
pending

Does not have a separate 
generator replacement process

• MISO set the standard in 2018 with its generator 
replacement interconnection process

• Requests must be made at least one year prior to 
retirement and new generation must come on line within 
three years

• Initial process included restrictions on plant ownership that 
have been amended and relaxed over time

• CAISO and ERCOT have more limited processes 
that allow for in-kind replacements only

• CAISO makes an exception for batteries at fossil plants

• PJM and ISO-NE do not have defined processes, yet
• PJM initiated a stakeholder dialogue to consider the 

creation of a process in July 2023

Spreading generator replacement processes to new 
regions can increase the scale of the opportunity

15
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Both “fast-track” processes significantly reduce 
interconnection study timelines and costs
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What is the case for a separate fast-track 
interconnection process?

Projects are connecting to the grid at the same point of interconnection (POI) as existing or retiring generation.

The existing generation has a set level of capacity injection rights that it may not be fully utilizing or will no longer be 
utilizing, if retiring.

The new on-site generation can efficiently utilize the spare capacity injection rights, minimizing impact on the grid 
compared to new "greenfield" generation.

Given differences in technologies and capabilities of the new generation, some level of interconnection study is needed, but 
the study process can be streamlined and simpler than the full interconnection study process.

Clean repowering projects can help maintain reliability and support local economic development and policy objectives by 
connecting to the grid expeditiously and avoiding the need for costly, time-consuming transmission network upgrades.

17
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Clean repowering is a multi-step, 
multi-jurisdictional process

18

Project development

Treatment of 
existing asset: 

Retire or continue 
operating existing 

plant?

Procurement of 
new generation: 

RFP or 
owned/affiliate?

Project finance: 
debt,* equity, 

available IRA and 
state incentives 

Interconnection: 
could be separate 

process from 
regional queue, rules 

region-dependent

State regulatory approval, public 
comment required in states with 
IRPs

Grid operator (RTO or utility) 
sets interconnection rules

FERC oversight to ensure principles of competition, open access maintained

[Behind 
same POI 
as 
existing 
plant]

Legend:
Asset owner Developer/IPP Federal govtInvestors State govt RTO/grid operator

*Could be private or 
public (e.g., EIR)
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Why is clean repowering needed?

Ex. 1: Brandon Shores coal plant retirement delayed due to 
transmission impacts, lack of timely replacement options

• Brandon Shores coal plant in MD 
announced plans to retire in 2025

• Deactivation study revealed 
significant transmission upgrades 
that would be required, 
necessitating delayed retirement, 
RMR contract 

• 260 MW of storage at Brandon 
Shores are waiting in the queue, 
likely until ~2026

• Root causes of this sub-optimal 
outcome include lack of proactive 
transmission planning + lack of 
efficient process for generator 
replacement in the region

Brandon 
Shores
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Why is clean repowering needed?

Ex. 2: OPPD’s planned retirement of two coal units stymied by the slow 
interconnection of storage replacement resources 

20

• OPPD had initially planned to retire its North Omaha Station coal plant at the 
end of 2023.

• Now, partly due to the delayed interconnection of its planned storage 
replacement project, OPPD plans to keep operating the plant until 2026.

• The storage project in question submitted an interconnection request in 2018 
with an expected in-service date of December 2024.

• In April 2023, SPP published its System Impact Study for the cluster including 
the project, allocating nearly $12M in upgrade costs to the storage project.

• OPPD and others have cited the delay in this project’s progress through the 
interconnection queue as a primary reason for postponing the retirement of 
their remaining coal units.

May 2018 — new 100 MW battery 
request enters SPP queue

April 2023 – results published 
from cluster system impact study: 

$12M in upgrade costs

~
5

 c
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July 2020 — SPP's 
new replacement 
process in effect

[Note: SPP filed with FERC to create a generator replacement process in 2020, which 
was approved by FERC and effective on July 1, 2020, but that was after the initiation 
of the interconnection request for this storage project]

https://nebraskapublicmedia.org/en/news/news-articles/in-a-twist-oppd-could-keep-burning-coal-as-renewable-projects-undergo-study/
https://www.spp.org/documents/62517/20200630_order%20-%20revisions%20to%20implement%20generator%20replacement%20process_er20-1536-000.pdf
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Clean Repowering: 
How IRA incentives enhance the economics

21
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Utilities owning 80% of coal could efficiently use tax incentives 
to build just 4 GW of solar per year — nationally.

Tax normalization rules meant that IOU-owned solar + storage 
was far more expensive for consumers than PPAs.

New solar was seen as a threat to utility revenues and a 
mandatory cost burden on consumers.

Fossil capital costs that don’t go away with clean deployment 
cost consumers ~$25B/year.

Permitting, transmission, and interconnection barriers make 
building out RE very challenging.

Tax transferability and 
direct pay

No storage ITC 
normalization

PTC for solar, LMI and 
EJ tax adders

Energy Infrastructure 
Reinvestment (EIR)

EIR for reconductoring

Pre-IRA, clean energy incentives didn’t work for fossil-
heavy electric utilities and their customers: now they do
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✓ Projects qualify for a 10% bonus on the ITC and 

PTC if they are:

• Located in or adjoining a coal closure (mine or 

power plant) community

• On a site considered brownfield

• In a metropolitan statistical area (MSA) that has 

fossil employment above 0.17% and an 

unemployment rate that is higher than average

23

Tax Credit Transfer

Energy Community Tax Credit Bonus

Direct Pay ✓ States, localities, tribes, co-ops, and nonprofits receive 

a direct payment for the dollar value of the tax credit 

✓ Entities claiming tax credits can sell them to other 

buyers for cash, creating a tax credit transfer market 

The IRA improves the economics of the clean 
repowering opportunity: Tax credits  
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Must pass through savings and 
include community outreach

• Electric utilities must pass on 
financial benefits to 
customers/communities

• All entities must develop 
outreach plan

• Retool, repower, repurpose, or 
replace energy infrastructure 
that has ceased operations; 
OR

• Enable operating energy 
infrastructure to avoid, reduce, 
utilize, or sequester air 
pollutants or GHGsQ
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re Remediation explicitly included

Examples:
• Plant decommissioning
• Coal ash ponds
• Mine reclamation
• Water pollution

Other Explicit Requirements

A facility and associated 
equipment used for:

• The generation or 
transmission of electricity; OR

• The production, processing, 
and delivery of fossil fuels, 
fuels derived from petroleum, 
or petrochemical feedstocks

The IRA improves the economics of the clean 
repowering opportunity: DOE EIR program 

Surplus 
interconnection

Generator 
replacement

$250 billion in direct loan or loan guarantee 
authority

Can cover up to 80% of project costs and be 
repaid over up to a 30-year term

Must reach conditional commitment by 
September 30, 2026

Department of Energy (DOE) Loan Program Office’s (LPO's) Energy Infrastructure Reinvestment (EIR) Program

Priced at a 37.5bp spread over treasuries of 
comparable tenor
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1 GW existing asset
$400M unrecovered 

balance

1 GW existing asset
$400M unrecovered 

balance

Plant balance paid off through 
rates (6.6% ROR)

EIR refinances unrecovered 
balance over 30 years

New Solar + Storage 
in 2031

Traditional Financing: Reinvestment in 2031

New Solar + Storage 
partially financed 

w/EIR debt

Accelerated Reinvestment with EIR in 2025

Outcomes

2025 30-year NPV

Utility 
Earnings:

$15M $430.1M

Ratepayer 
Costs:

$224M $1.8B

Outcomes

2025 30-year NPV

Utility 
Earnings:

$67.1M $488.6M

Ratepayer 
Costs:

$80.8M $1.8B

25

Electric utilities can utilize EIR low-interest debt 
to pull forward reinvestment in clean energy
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Clean Repowering:
The scale of the opportunity
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Our analysis identifies attractive clean repowering 
opportunities across the country by modeling the 
potential in each balancing authority

The model begins 
with all major 
existing fossil 

generation in the 
balancing authority 
and identifies the 

potential renewable 
sites within 45 km.

It then creates a set 
of portfolios in 
which it selects 

increasing amounts 
of renewables and 
storage at the sites 
where renewables 
are most attractive 

relative to the 
incumbent fossil 

generator.

For each portfolio, it 
simulates hourly 

operations using 15 
years of historical 
data to estimate 
production costs 

and ensure there is 
no lost load.

Finally, it selects the 
sequence of 

portfolios that 
maximizes utility 
earnings without 

increasing a 
balancing 
authority’s 

aggregate levelized 
cost of generation, 

factoring in 
applicable IRA 

provisions.

27

See Modeling Approach for further details.



RMI – Energy. Transformed.

The model selected the most economically attractive 
sites for renewables as candidates for clean repowering

28

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site
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Clean repowering is a 250 GW opportunity* concentrated 
in MISO, PJM, and the Southeast

29
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*on top of the 170 GW of clean generators in advanced development

Clean Capacity 
in Advanced 
Development
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Clean repowering could reduce US electricity emissions 
by 25% relative to our counterfactual baseline through 
2035

30

196 MMT

812 MMT

171 MMT

1,962 MMT

262 MMT

1,925 MMT

813 MMT

2,530 MMT

745 MMT

32%
28%

31%

22%

208 MMT

812 MMT

231 MMT

2,890 MMT

262 MMT

2,658 MMT

1,170 MMT

3,251 MMT

944 MMT

CAISO ERCOT ISONE MISO NYISO PJM SPP Southeast West

Clean repowering 
reduction

Emissions after 
Clean repowering
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Over half of the clean repowering opportunity is 
concentrated with 20 generation owners

31

3 GW

4 GW

4 GW

4 GW

5 GW

5 GW

5 GW

6 GW

6 GW

7 GW

7 GW

7 GW

8 GW

8 GW

9 GW

10 GW

13 GW

14 GW

15 GW

23 GW

DTE Energy

Constellation Energy Corp.

Pinnacle West Capital Corp.

Associated Electric Coop., Inc.

Tennessee Valley Authority

NRG Energy, Inc.

Emera, Inc.

American Electric Power Co.,…

Riverstone Holdings, LLC

OGE Energy Corp.

Ameren Corp.

Evergy, Inc.

Xcel Energy, Inc.

LS Power

Energy Capital Partners

Vistra Corp.

Entergy Corp.

NextEra Energy, Inc.

Southern Co.

Duke Energy Corp.

Solar

Wind

Battery
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Clean repowering creates savings by reducing fossil 
operating costs and offsetting clean capital costs with 
IRA incentives

32

Without clean
repowering

Clean repowering
capex net of IRA incentives

Clean repowering
opex

Fossil opex savings* With clean repowering

Clean costs increase largely 
offset by IRA benefits

Largest saving from 
avoided fuel and 

variable cost

*Including additional start up and 
ramp costs from lower utilization

Clean opex

Fossil opex

Capex

Net Savings
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Clean Repowering: 
Conclusions and calls to action

33
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With the IRA, the time is now to look at uneconomic or 
underutilized generation and consider clean repowering

34

Takeaways

• Clean repowering can support faster 
interconnection of clean energy resources 
and minimize costly transmission network 
upgrades (for both the developer and 
the system as a whole).

• IRA incentives make this even more 
economic for asset owners to pursue — 
but some, like the EIR, are time-limited.

• Maximizing this opportunity will ensure we 
make the best use of the existing grid and 
minimize reliability risks associated with 
retiring generation.

Calls to action

Generation 
Owners

Build new clean generation at existing 
generation sites where possible

State 
Regulators

Evaluate IRPs and generation asset 
decisions accounting for economic 

and interconnection realities 

System 
Operators 

and 
National 

Regulators

Ensure interconnection rules for such 
projects are just and reasonable, and 
extend throughout the United States
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Clean Repowering:
Region-specific slides

35
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MISO: Interconnection Fast-Track Rules

36

• Process follows FERC Order 845 guidelines 
(compliance filing approved June 2020)

Surplus Interconnection Service

• Vistra plans to replace two recently retired Illinois coal plants (the 
948 MW Joppa plant and 560 MW Edwards plant) with 37 MW battery 
storage projects owned by subsidiaries.

• AES Indiana (formerly IP&L) had planned to acquire a 250 MW 
solar/150 MWh storage project from NextEra to replace retiring 
capacity at its coal-fired Petersburg Generating Station; its latest IRP 
includes plans for 800 MWh of storage and natural gas.

• Xcel Energy has issued RFPs for a combined 710 MW of solar to be 
built near the site of its retiring Sherco Generating Station in 
Minnesota, with an aim of the new capacity being operational by 
2025.

Relevant Examples

• Replacement generator must be at same POI + voltage level

• Request must be made at least 1 year before retirement of existing plant, and 
new generator must come on line within 3 years of the retirement date

• Initial rules prohibited changes to plant ownership during the period from a 
year prior to making request until new generator is on line

• MISO modified these rules in 2021 to permit partial transfer of the 
existing plant (incumbent must retain at least 25% equity ownership and 
ability to direct performance of the retiring plant)

• FERC granted Vistra waiver in 2022 allowing for affiliate ownership of 
replacement generator

Generator Replacement
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MISO opportunities

37

Clean repowering sites

1.2 GW

1.6 GW

1.6 GW

1.7 GW

2.0 GW

2.1 GW

2.3 GW

3.3 GW

7.3 GW

12.9 GW

Rainbow Energy Center

Great River Energy

Xcel Energy, Inc.

OMERS Administration Corp.

CMS Energy Corp.

Alliant Energy

Duke Energy Corp.

DTE Energy

Ameren Corp.

Entergy Corp.

Top generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

8.8 GW

7.3 GW

18.7 GW

4.2 GW

15.7 GW

21.7 GW

24.7 GW

Existing fossil… Clean repowering…

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site
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MISO savings

38

$0B

$200B

$400B

$600B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$3.84/MWh

$4.61/MWh

$6.44/MWh

$9.28/MWh

$11.34/MWh

$0.00/MWh

$0.00/MWh

$3.25/MWh

$1.10/MWh

$2.71/MWh

Rainbow Energy Center

Great River Energy

Xcel Energy, Inc.

OMERS Administration Corp.

CMS Energy Corp.

Alliant Energy

Duke Energy Corp.

DTE Energy

Ameren Corp.

Entergy Corp.

Levelized cost savings

-$155M

-$194M

$115M

$96M

-$329M

-$25M

$64M

-$59M

$31M

$72M

Annualized generation savings

4 MMT

4 MMT

6 MMT

6 MMT

14 MMT

8 MMT

0 MMT

2 MMT

2 MMT

2 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 608 million

Total reduction in annual carbon emissions 84 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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MISO top clean repowering opportunities

39Utilization is essentially the capacity factor of the interconnection; it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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PJM: Interconnection Fast-Track Rules

40

• Process modeled after FERC Order 845

• Cannot have a "material impact" on the 
transmission system

• Cannot impact any customers in the existing 
queue and network upgrades they might need

• From 2020 (when process began) to 2022, one 
surplus request has been received

Surplus Interconnection Service

• Elevate Renewables is pursuing the deployment of storage at 
existing gas generation facilities using the surplus interconnection 
process and currently has a pipeline of 5 GW across 25 locations.

• Several soon-to-be-retired coal plants in PJM are receiving significant 
attention for potential CIR transfers and reuse of their 
interconnections, including Homer City Generating Station in 
Pennsylvania, which is retiring this summer.

• Offshore wind projects in PJM have paid for CIR transfers from 
several recently retired coal and nuclear plants and are investigating 
new options to do so (e.g., Indian River coal plant in Delaware, retiring 
2026).

Relevant Examples

• CIR transfers are permitted, but no process for separate/fast-track 
interconnection study of new resource

• Currently considering the development of such a process via a stakeholder 
engagement effort launched in late July in the PJM Interconnection Process 
Subcommittee

• Issue Charge approved by PJM Planning Committee on June 6

• Initiated by Elevate Renewables and East Kentucky Power Cooperative 

Generator Replacement

https://www.pjm.com/-/media/committees-groups/committees/pc/2023/20230606/20230606-item-04c---cir-transfer-approved-issue-charge---post-meeting.ashx
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

1.2 GW

1.7 GW

1.7 GW

1.8 GW

2.1 GW

2.6 GW

2.9 GW

3.4 GW

4.5 GW

8.2 GW

Duke Energy Corp.

MC Project Company LLC

J-Power USA Generation L.P.

Chalk Point Power, LLC

The Carlyle Group, Inc.

Constellation Energy Corp.

Vistra Corp.

Riverstone Holdings, LLC

Energy Capital Partners

LS Power

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

4.8 GW

20.6 GW

24.5 GW

9.3 GW

45.9 GW

13.3 GW

Existing fossil… Clean repowering…
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PJM savings
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$0B

$200B

$400B

$600B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$13.63/MWh

$13.70/MWh

$14.89/MWh

$4.78/MWh

$4.87/MWh

$5.31/MWh

$5.65/MWh

$0.24/MWh

$0.38/MWh

$1.43/MWh

Duke Energy Corp.

MC Project Company LLC

J-Power USA Generation L.P.

Chalk Point Power, LLC

The Carlyle Group, Inc.

Constellation Energy Corp.

Vistra Corp.

Riverstone Holdings, LLC

Energy Capital Partners

LS Power

Levelized cost savings

-$190M

$265M

-$204M

-$360M

-$70M

-$133M

-$166M

-$149M

-$166M

-$152M

Annualized generation savings

5 MMT

1 MMT

2 MMT

4 MMT

1 MMT

0 MMT

0 MMT

0 MMT

0 MMT

1 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 433 million

Total reduction in annual carbon emissions 69 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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PJM top clean repowering opportunities

43Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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Southeast: Interconnection Fast-Track Rules
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• All utilities have processes closely modeled on FERC 
Order 845

• Specifics on study timelines and deposits vary by 
utility

Surplus Interconnection Service

• Many utilities are planning to retire most of their coal capacity in the coming decade, but few utilities have confirmed clean repowering 
projects. Most plan to replace the coal with gas.

• LG&E/KU plan to add a battery storage facility at the retiring E.W. Brown Coal Generating Station along with a new gas plant and off-site solar.

• Tennessee Valley Authority is considering adding solar/storage to replace coal, but additions would be off-site.

Relevant Examples

• Some utilities have processes in place, modeled after MISO’s

• Duke Energy Progress and Carolinas, filed 2022

• Dominion South Carolina, filed 2020

Generator Replacement
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Southeast opportunities
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

1.1 GW

1.3 GW

2.0 GW

3.2 GW

4.0 GW

4.6 GW

4.7 GW

12.8 GW

14.9 GW

19.4 GW

Orlando Utilities Commision

Tenaska Energy, Inc.

JEA

Dominion Energy

Associated Electric Coop.,…

Tennessee Valley Authority

Emera, Inc.

NextEra Energy, Inc.

Southern Co.

Duke Energy Corp.

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

11.0 GW

27.9 GW

29.5 GW

8.0 GW

13.1 GW

70.6 GW

2.9 GW

Existing fossil… Clean repowering…
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Southeast savings
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$0B

$200B

$400B

$600B

$800B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$24.78/MWh

$69.63/MWh

$5.15/MWh

$7.64/MWh

-$0.63/MWh

$0.00/MWh

$0.17/MWh

$1.65/MWh

$1.98/MWh

$2.15/MWh

Orlando Utilities Commision

Tenaska Energy, Inc.

JEA

Dominion Energy

Associated Electric Coop., Inc.

Tennessee Valley Authority

Emera, Inc.

NextEra Energy, Inc.

Southern Co.

Duke Energy Corp.

Levelized cost savings

-$125M

$128M

$184M

$353M

$4M

$8M

$28M

$13M

$27M

$79M

Annualized generation savings

7 MMT

9 MMT

16 MMT

17 MMT

1 MMT

0 MMT

2 MMT

2 MMT

4 MMT

4 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 493 million

Total reduction in annual carbon emissions 70 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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Southeast top clean repowering opportunities

47Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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SPP: Interconnection Fast-Track Rules
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• Process modeled after FERC Order 845 
(compliance filing approved January 2020)

Surplus Interconnection Service

• Omaha Public Power District is struggling to convert a retiring coal unit to battery storage due to interconnection delays and high network 
upgrade costs faced by the storage facilities.

• Great River Energy’s intended replacement of the Coal Creek Station with renewables was thwarted by local opposition and pushback from 
North Dakota policymakers.

Relevant Examples

• Replacement process modeled after MISO’s

• Differences:

• The SPP Tariff does not contain a generator retirement process

• SPP’s process includes provisions for transferring designation of a 
Network Resource facility from an existing generator to a 
replacement (FERC ER20-1536-000)

• SPP includes “fast track” process option that costs $1k but the 
generator must be <4 MW (SPP Tariff Attachment V § 14)

Generator Replacement

https://www.spp.org/documents/62517/20200630_order%20-%20revisions%20to%20implement%20generator%20replacement%20process_er20-1536-000.pdf
https://opsportal.spp.org/documents/studies/SPP%20Tariff%20Attachment%20V%20Generator%20Interconnection%20Procedures.pdf
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SPP opportunities
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site0.5 GW

0.5 GW

0.6 GW

0.6 GW

0.6 GW

1.2 GW

2.8 GW

4.9 GW

6.9 GW

7.5 GW

Golden Spread Electric…

Grand River Dam Authority

City of Lincoln - (NE)

City of Kansas City - (KS)

Algonquin Power & Utilities…

Basin Electric Power Coop.

Xcel Energy, Inc.

American Electric Power…

OGE Energy Corp.

Evergy, Inc.

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

4.6 GW

4.1 GW

8.4 GW

4.1 GW

11.9 GW

15.1 GW

9.9 GW

Existing fossil… Clean repowering…
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SPP savings
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$0B

$50B

$100B

$150B

$200B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$9.39/MWh

$9.62/MWh

$16.56/MWh

$4.92/MWh

-$0.69/MWh

-$0.04/MWh

$0.00/MWh

$0.00/MWh

$1.34/MWh

$1.95/MWh

Golden Spread Electric Cooperative, Inc

Grand River Dam Authority

City of Lincoln - (NE)

City of Kansas City - (KS)

Algonquin Power & Utilities Corp.

Basin Electric Power Coop.

Xcel Energy, Inc.

American Electric Power Co., Inc.

OGE Energy Corp.

Evergy, Inc.

Levelized cost savings

$151M

-$144M

$3M

-$39M

-$36M

$15M

$11M

-$62M

-$52M

$32M

Annualized generation savings

7 MMT

15 MMT

0 MMT

2 MMT

0 MMT

0 MMT

1 MMT

3 MMT

2 MMT

2 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 151 million

Total reduction in annual carbon emissions 39 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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SPP top clean repowering opportunities

51Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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CAISO: Interconnection Fast-Track Rules
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• Process follows FERC Order 845 guidelines 
(compliance filing approved Feb 2020)

Surplus Interconnection Service

• Historically, the generator replacement process has primarily been utilized to convert steam turbines to gas.

• Vistra has replaced its Moss Landing Power Plant gas turbines with hundreds of MWs of batteries.

Relevant Examples

• Requesting replacement (CAISO BPM)

• Generator must be currently interconnected to CAISO and have delivered 
energy within the past 3 years

• Request must be generated by the owner of said generator

• Request must utilize the same “fuel source” and POI

• All combustible fuel sources considered the same for repowering 
purposes

• Energy storage will be considered the same fuel source

• Requestor must demonstrate that there will not be any adverse impact 
to grid

• Even if there are no adverse impacts, a facilities study may still be 
required

• Cost and time (CAISO Tariff § 25)

• $50k study deposit, approximately 115 business days

Generator Replacement

https://bpmcm.caiso.com/Lists/PRR%20Details/Attachments/784/PRR-AddRepowering-ChangeBPM-Name.docx
http://www.caiso.com/Documents/Section25-Interconnection-of-GeneratingUnits-and-Facilities-asof-Mar27-2022.pdf
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CAISO opportunities
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

0.0 GW

0.0 GW

0.1 GW

0.1 GW

0.2 GW

0.5 GW

0.7 GW

0.8 GW

Meridian Clean Energy

Mitsubishi Corp.

NRG Energy, Inc.

MRP San Joaquin Energy…

Imperial Irrigation District

Sempra Energy

Onward Energy

Energy Capital Partners

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

1.5 GW

0.9 GW

0.1 GW

2.4 GW

Existing fossil… Clean repowering…
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CAISO savings
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$0B

$50B

$100B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$38.56/MWh

$0.02/MWh

$0.05/MWh

$0.06/MWh

$0.07/MWh

$0.08/MWh

$0.09/MWh

$0.12/MWh

$4.31/MWh

Meridian Clean Energy

Voltage Finance LLC

Mitsubishi Corp.

NRG Energy, Inc.

MRP San Joaquin Energy LLC.

Imperial Irrigation District

Sempra Energy

Onward Energy

Energy Capital Partners

Levelized cost savings

-$40M

-$59M

-$2M

-$2M

-$4M

$3M

-$10M

-$14M

$12M

Annualized generation savings

0.6 MMT

0.0 MMT

0.0 MMT

0.0 MMT

0.1 MMT

0.0 MMT

0.0 MMT

0.0 MMT

0.0 MMT

0.0 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 7 million

Total reduction in annual carbon emissions 2 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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CAISO top clean repowering opportunities

55Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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Non-RTO West: Interconnection Fast-Track Rules
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• All utilities have processes closely based on FERC 
Order 845

• Specifics on study timelines and deposits vary by 
utility

Surplus Interconnection Service

• NV Energy had planned to replace the 522 MW North Valmy coal 
plant with 600 MW of solar + storage; now moving to switch the plant 
to gas and add 400 MW of solar + storage.

• Xcel Energy is adding solar and long-duration storage to its retiring 
coal plant in Pueblo, CO, and plans to add solar to two of its oldest 
natural gas units in New Mexico and Texas.

• Salt River Project is undergoing a repurposing study for its 773 MW 
Coronado Coal Generating Station; considering renewables + storage, 
hydrogen, long-duration storage, and advanced nuclear.

• PacifiCorp is planning to replace several coal plants with small 
modular nuclear reactors from TerraPower.

• Intermountain Power Agency plans to replace its 1,800 MW coal plant 
with 840 MW turbines powered by hydrogen generated from 
renewables.

Relevant Examples

• Some utilities have processes in place, modeled after MISO’s

• Public Service Co. of Colorado (Xcel), filed 2021

• PacifiCorp, filed 2022

• Arizona Public Service Co., filed 2023

Generator Replacement
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Non-RTO West opportunities
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

0.5 GW

0.6 GW

0.8 GW

0.8 GW

1.0 GW

1.0 GW

1.5 GW

2.7 GW

3.6 GW

3.7 GW

Tri-State Generation & Transmission…

Griffith Energy LLC

Platte River Power Authority

Puget Energy, Inc.

Energy Capital Partners

Riverstone Holdings, LLC

City of Los Angeles

Salt River Project

Xcel Energy, Inc.

Pinnacle West Capital Corp.

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

2.9 GW

8.6 GW

7.1 GW

2.9 GW

2.0 GW

11.1 GW

6.6 GW

Existing fossil… Clean repowering…
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Non-RTO West savings
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$0B

$50B

$100B

$150B

$200B

$250B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$0.70/MWh

$1.70/MWh

$0.00/MWh

$0.00/MWh

$0.00/MWh

$0.00/MWh

$0.00/MWh

$0.00/MWh

$0.06/MWh

$0.37/MWh

Tri-State Generation & Transmission…

Griffith Energy LLC

Platte River Power Authority

Puget Energy, Inc.

Energy Capital Partners

Riverstone Holdings, LLC

City of Los Angeles

Salt River Project

Xcel Energy, Inc.

Pinnacle West Capital Corp.

Levelized cost savings

-$65M

-$89M

$107M

-$77M

-$2M

-$10M

$0M

$41M

-$37M

$40M

Annualized generation savings

1 MMT

1 MMT

3 MMT

5 MMT

2 MMT

0 MMT

0 MMT

0 MMT

0 MMT

1 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 151 million

Total reduction in annual carbon emissions 21 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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Non-RTO West top clean repowering opportunities

59Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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ISO-NE: Interconnection Fast-Track Rules
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• Process follows FERC Order 845 (compliance filing 
approved March 2020)

Surplus Interconnection Service

• Several offshore wind farms in development are exploring the ability 

to use interconnection infrastructure from retiring or retired fossil 

plants along the New England coast, such as the Brayton Point coal 

plant in Somerset, MA, which is being redeveloped into an offshore 

wind supply chain and staging hub. The South Coast Offshore Wind 

Project has plans to interconnect via Brayton Point’s substation.

• Advocates are currently working to retire the Merrimack Station in 

Bow, NH, the last coal plant in New England. It failed to clear the 

latest ISO-NE capacity market, meaning its days are numbered. No 

clean repowering project has been considered yet due to ISO-NE’s 

lack of a separate process.

Relevant Examples

• No separate interconnection study/process currently in place

Generator Replacement



RMI – Energy. Transformed.

ISO-NE opportunities
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Clean repowering sites

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site0.2 GW

0.3 GW

0.3 GW

0.3 GW

0.5 GW

0.5 GW

0.6 GW

0.7 GW

1.1 GW

1.6 GW

Northeast Energy, L.P.

The Carlyle Group, Inc.

Canal 3 Generating LLC

Massachusetts Mun…

Constellation Energy Corp.

Vistra Corp.

Granite Shore Power

NextEra Energy, Inc.

Canal Generating LLC

NRG Energy, Inc.

Top 10 generation owners by clean repowering opportunity

Solar
Wind
Other

Nuclear
Hydro

Gas GT
Gas CC

Coal

Generation in 2035

Counterfactual
baseline

Clean repowering

Clean repowering capacity

1.6 GW

1.4 GW

5.4 GW

7.7 GW

0.7 GW

Existing fossil… Clean repowering…
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ISO-NE savings
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$0B

$50B

$100B

Without clean
repowering

Clean
repowering
net of IRA
incentives

Fossil opex
savings

With clean
repowering

Cost impact of clean repowering

Clean 
opex

Fossil 
opex

Capex

$52.39/MWh

-$9.19/MWh

-$7.61/MWh

-$6.55/MWh

-$5.27/MWh

-$4.15/MWh

-$2.16/MWh

-$1.71/MWh

$0.00/MWh

$0.00/MWh

Northeast Energy, L.P.

The Carlyle Group, Inc.

Canal 3 Generating LLC

Massachusetts Mun Wholes Electric Co

Constellation Energy Corp.

Vistra Corp.

Granite Shore Power

NextEra Energy, Inc.

Canal Generating LLC

NRG Energy, Inc.

Levelized cost savings

$133M

-$69M

-$98M

-$131M

-$7M

$47M

-$17M

-$14M

-$35M

-$35M

Annualized generation savings

0.7 MMT

1.5 MMT

0.1 MMT

0.0 MMT

0.1 MMT

0.0 MMT

0.1 MMT

0.0 MMT

0.0 MMT

0.0 MMT

Annual emissions reduction

Top generation owners by clean repowering opportunity

Total regional annualized savings $ 63 million

Total reduction in annual carbon emissions 6 MMT

Negative savings indicate cost increases. A generation owner’s levelized cost or annualized generation cost can increase with  clean repowering because of 
an increase in that owner’s total generation or a change in the composition of its generation.
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ISO-NE top clean repowering opportunities

63Utilization is essentially the capacity factor of the interconnection, it is calculated as the total generation of all the resources associated with the 
incumbent fossil generator divided by the capacity of the incumbent fossil generator multiplied by the number of hours in the  period.
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NYISO: Interconnection Fast-Track Rules
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• No process — NYISO received a waiver from FERC for 
Order 845 compliance due to NYISO’s unique 
treatment of existing generating resources via its 
Minimum Interconnection Standard process

• FERC’s Order 845 surplus service assumes that 
resources dispatch at full output under normal 
conditions and thus might have “headroom” 
available for transfer.

• NYISO’s Minimum Interconnection Standard 
instead assumes that a facility can be 
redispatched to mitigate adverse reliability 
impacts, hence there is no surplus “headroom” 
available for transfer

Surplus Interconnection Service

• Elevate Renewables is developing a utility-scale energy storage facility at the Arthur Kill Generating Station located in the borough of Staten 
Island, New York City, NY.

Relevant Examples

• Capacity Resource Interconnection Service (CRIS) transfer process allows 
Capacity Interconnection Rights (CIRs) to be transferred to new facility at 
same electrical location if the new facility becomes operational within three 
years from deactivation of original facility, with no deliverability evaluation 
required (also permitted for facilities that are not deactivating)

• New facilities must still go through the interconnection queue for full 
interconnection service in addition to CIRs

Generator Replacement
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ERCOT: Interconnection Fast-Track Rules
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• ERCOT is not FERC-jurisdictional so does not have to 
comply with Order 845

• Recently created a separate interconnection process 
to add battery energy storage to an existing solar or 
hybrid resource (see ERCOT Key Topic Concept #13)

Surplus Interconnection Service

• None

Relevant Examples

• Replacement must be “in-kind” or below an aggregate real power rating of 10 
MW (see Planning Guide § 5)

• Otherwise, must enter through the standard interconnection process

Generator Replacement

https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ercot.com%2Ffiles%2Fdocs%2F2020%2F07%2F07%2FBESTF_KTC_13_ESR_Self-Limiting_GINR_TAC_Approved_04012020.docx&data=05%7C01%7Cstoth%40rmi.org%7C7d54c7b13e8545c403af08db4a66e402%7C8ed8a585d8e64b00b9ccd370783559f6%7C0%7C0%7C638185578135562205%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=aF8O2859UFcskn8CPADkOUC8N723ojaLmgd8bgIdTuU%3D&reserved=0
https://www.ercot.com/services/rq/integration
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Clean Repowering:
Modeling approach

66
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The model begins with all major existing fossil 
generators in a grid region eligible for clean repowering

67

To be considered for clean 
repowering, a fossil generator 
must be in a region where the 
relevant process exists and its 
retirement date from EIA 860M 
must be in the correct range.

• For surplus interconnection 
service, it must have no 
retirement date or a 
retirement date after 2035.

• For generator replacement, it 
must have a retirement date 
before 2036.

Fossil Site

https://www.eia.gov/electricity/data/eia860m/
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It identifies potential renewable sites within 45 km of 
each fossil site

68

Potential renewable sites 

come from NREL Renewable 

Supply Curves and include 

resource quality and the 

quantity of renewables that 

can be deployed there given 

reference land exclusions.

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

https://www.nrel.gov/gis/renewable-energy-supply-curves.html
https://www.nrel.gov/gis/renewable-energy-supply-curves.html
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It then creates a set of portfolios in which it selects increasing 
amounts of renewables and storage at the sites where 
renewables are most attractive relative to the incumbent fossil 
generator

Solar

Offshore Wind

Onshore Wind

SelectedPotential

Fossil Site

It selects renewables to  

maximize replacement of 

historical fossil dispatch and 

minimize cost constrained by 

siting limitations and the 

incumbent generator’s 

capacity to avoid 

transmission upgrades 

beyond spur lines.
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For each portfolio, it simulates hourly operations using 15 years 
of historical data to estimate production costs, emissions, and 
reliability under different weather and fuel price conditions

70

Solar

Wind

StorageCurtailment

Gas CC

Coal

• Simulations employ a simplified 
economic dispatch logic to determine 
fossil and storage operations before 
and after renewable deployment.

• Interconnection constraints are 
enforced by preventing the hourly 
output of clean repowering renewables 
and the associated incumbent fossil 
generator from exceeding the fossil 
generators’ capacity.

• Fossil operating costs are estimated 
using a regression of historical plant-
level FERC 1, EIA 860 and 923, and EPA 
CAMD fuel and operating cost and 
operational data to best reflect impacts 
of changing utilization patterns on 
generation costs.

https://www.ferc.gov/general-information-0/electric-industry-forms/form-1-electric-utility-annual-report
https://www.eia.gov/electricity/data/eia860/
https://www.eia.gov/electricity/data/eia923/
https://campd.epa.gov/
https://campd.epa.gov/


RMI – Energy. Transformed.

Finally, for each region it selects the sequence of portfolios that 
maximizes utility earnings without increasing the region’s 
aggregate levelized cost of generation, factoring in applicable 
IRA provisions

Optimal portfolio selection employs 

detailed financial analysis using:

• utility-specific financial metrics 

such as allowed ROE/ROR and 

equity ratios; and

• Inflation Reduction Act provisions 

such as New ERA, EIR, and direct 

pay/transferability.
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