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The Elephant in the Room 

Ref: https://www.visualcapitalist.com/global-temperature-graph-1851-2020/

https://www.visualcapitalist.com/global-temperature-graph-1851-2020/


Climate-Driven Changes to Solar PV Power
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Climate-Driven Changes to Wind Power
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Climate Impacts - Planning
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Climate Impacts - Operations
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Load Changes with Temperature Changes - TVA

Source: Ralston Fonseca, Jaramillo, Berges, & Severnini, Climatic Change 2019



Duke Energy Carbon-Free Resource Integration Study
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Overview of Phase II analysis
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Capacity Expansion

Note: The coal retirement schedule for these results was specified prior to recent updates. A 
sensitivity exploring runs with additional coal retirements was tested in production cost modeling.

2030 timeframe
• Policy results in increase 

solar and storage
• Base and policy cases are 

similar – highlights that a 
substantial amount of 
solar and storage are 
economic under default 
assumptions

2050 timeframe
• Additional solar, along 

with longer-duration 
storage resources and 
offshore wind

• Deployment of “RE-CTs” 
as a zero-carbon peaking 
resource (low-capacity 
factor)
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Capacity Expansion

2030 2050

7 (6-20) 27 (9-34)

Cumulative CO2 abatement cost through 2030 
and 2050 ($ per metric ton). Values in 
parentheses indicate range across ReEDS
sensitivities. 

Curve illustrates cumulative avoided 
emissions 
vs. policy costs 

• 2030-2035: steepness of the line reflects 
the fact that avoided emissions are 
relatively cheap

• 2035-2048: line flattens out; cost to 
mitigate are increasing

• 2048-2050: moving to zero carbon 
results in larger costs

– Cost of removing the final 30-45 
MMT of CO2 are almost about as 
high as the cost of removing the 
first 186 MMT

– Reflecting the increase in average
cost of mitigation from ~$7 per 
metric ton in 2030 to ~$27 per ton 
in 2050
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Production cost modeling cases

Two categories of production cost modeling 
cases: nodal and zonal

Nodal: Full transmission representation of Duke 
Energy’s system; each case built by adding ReEDS builds 
to an existing network model
• 2024 buildout + 2012 weather (baseline)
• 2030 buildout + 2012 weather (policy case w/ 70% CO2

reduction in NC)
• 2030 buildout modified + 2012 weather (includes accelerated

coal retirements)
• 2036 buildout + 2018 weather (tests extended cold period; 

also includes coal retirements and offshore wind )

Zonal: Transmission matches ReEDS aggregation, with only the 
interfaces between BAs modeled
• 2024 buildout + 2012 weather (baseline)
• 2050 buildout + 2012 weather (policy case with zero-emissions)

Nodal system

EI Duke

Buses 78,463 2,944

Lines 71,328 3,176

Transformers 27,901 890
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Nodal results –
Summer Peak Dispatch

• Coal replaced with 
natural gas, solar, and 
in the 2036 buildout 
wind

– Gas CTs used 
heavily in the 
evening hours after 
coal is retired

• Storage charges during 
the morning/daylight 
hours when solar is 
prevalent; discharges in 
the evening when solar 
ramps down
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Nodal results –
Winter Peak Dispatch

• 2012 weather year had a relatively 
brief winter peak which can be met 
primarily through a combination of 
nuclear, gas, solar, wind, and 
storage

• 2018 weather year had sustained 
low solar output + high load due to 
an extended cold snap

– Demand peaks around 37 GW 
(annual peak)

– Heavy use of Gas CC and CTs 
to meet demand

– Storage charges during the 
day, discharges overnight

– Offshore wind and imports 
help to meet remaining 
energy needs
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RE-CT fuel consumption • RE-CTs in the “no fossil” case are 
used to meet peaking requirements 

– Low annual capacity factor

– High use when deployed

• Plot illustrates the quantity of 
renewably-sourced fuel that needs 
to be provided to sustain output in 
those periods

– Could be H2, biofuel, or some 
other peaking resource

– Implies sufficient pipeline 
infrastructure or storage 
capacity to supply ~3 million 
mmBTU at a time, and that 
renewable fuel is available

• Other technologies such as seasonal 
storage could also fill this role  
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Thank you!


