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1. Introduction
2. Project essentials
➢ Project motivation, objectives and tasks
➢ Key power system design tool:                                 

Adaptive Coordinated Expansion Planning (ACEP)
➢ Visions (& uncertainties, futures, plans)

3. Highlights of recent work
➢ Extreme conditions
➢ Extreme events

4. Next steps
5. PAB feedback (last 20 minutes)

Meeting Agenda
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• ISU personnel
• James McCalley, Colin Christy, Investigators
• Gustavo Cuello-Polo, Ph. D. Student
• Dut Ajang, M.S. Student

Introduction

• PAB members

• What we request from you: 
• Attend meetings/review reports;
• Represent your org & the state of Iowa;
• Help identify “visions”;
• Give opinions, suggestions, corrections;
• Respond in meetings, by email, phone.

• Goals of this meeting
• Provide project essentials;
• Motivate your thought and input.

• Website: 

https://home.engineering.iastate.edu/~jdm/pie/index.htm

https://home.engineering.iastate.edu/~jdm/pie/index.htm
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• Motivation
• Energy planning is done for regions, for 

utility areas, but not for Iowa
• Establish visions:

• emphasizing cost minimization;
• emphasizing CO2 reduction;
• emphasizing energy export; 
• emphasizing resilience.

• Develop benchmark plans on what, 
when, where, how much GTD to develop.

• Compare/contrast to RTO/utility plans

Project Motivation, Objectives, & Tasks

• Objective: 
Identify several 25-year plans to 
position Iowa’s low carbon electric 
infrastructure to perform well under 
normal and climate-influenced 
extreme events & conditions.

Task G4, Resilience: Assume IA/MISO are producing very high % of energy from 
non-CO2 sources by 2050 - what will be conditions & extreme events that cause 
high risk, and how to mitigate those risks?

Task G5, G6, G7, Tools: Apply/illustrate the following tools for this project.
1. Model Reduction: Develop a high-fidelity reduced expansion planning 

model, with high detail in Iowa, from a 90,000 bus EI power flow. 
2. Adaptive Coordinated Expansion Planning (ACEP): Provides the best 25-yr 

G,T,D plan given a number of possible futures.
3. Resilience-based Coordinated Expansion Planning (R-CEP): Identifies least-

cost investments for normal and extreme events & conditions.
4. Folding Horizon Simulation (FHS): Assesses a 25-yr plan for cost & reliability.

Tasks G2-G3, RTO processes: Describe MISO/SPP planning processes; monitor. 
✓ MISO Planning Subcommittee (PSC) -
✓ Long Range Transmission Planning (LRTP) Workshops
✓ SPP Transmission Working Group 
✓ SPP Future Grid Strategy Advisory Group

Task G8-G9, 5 plans: Use tools to develop/evaluate 5 electric infrastructure 
build plans for Iowa, accounting for different technologies (e.g., new nuclear, 
carbon-capture, load control, storage, HVDC) according to different visions:
• Minimum cost: Maintain avg annual R/C/I cost of 12, 10, 6 ¢/kwh (EIA).
• Minimum CO2: Cut 2025 CO2 levels from electric/transportation by 90%.
• Maximum energy export: Produce 1.5× in-state electric energy requirements
• Maximum resilience: Reduce extreme event cost of electric outages by 60%.
• Balanced: Seek a balanced portfolio of above 4 features.



Key Power System Design Tool:
Adaptive Co-optimized Expansion Planning

2030

2035

2040

2025
TODAY

A computer model we have developed: 
➔Identifies a plan (where/when/what/how-much 
G, T, D to build) over ~25yrs to minimize NPW 
• investment costs plus 
• operational costs
subject to multiple futures 
and system constraints.

Exploratory, not predictive:
We “point it” in the direction of a particular vision.
We identify several “futures”.
It gives least-cost G,T,D plan for that vision subject to specified futures & sys constraints. 5

2050



Vision 1➔
Emphasize energy cost

Vision 2➔
Emphasize CO2 reduction

Vision 3➔
Emphasize energy export

Vision 4➔
Emphasize resilience

Vision 5➔
Balanced

EVALUATE:

• Reliability
• Resilience
• Robustness
• Investment & Op cost
• Econ. dvlpmnt impact
• Environmental impact
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PLAN 1

PLAN 2

PLAN 3

PLAN 4

PLAN 5

VISIONS UNCERTAINTIES  FUTURES   PLANS

Maintain avg annual R/C/I cost of 12, 10, 6 ¢/kwh (EIA).

Cut 2025 CO2 levels from electric/transportation by 90%

Produce 1.5 times in-state electric energy requirements.

Reduce extreme event cost of electric outages by 60%.

Seek a balanced portfolio of above 4 features.



Highlights of recent work (see website for report):
Task G2, Project Report #1: MISO & SPP Planning Processes
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SPP

MISO



Highlights of recent work (see website for report):
Task G4, Project Report #2: High-risk conditions & events
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Sup3rCC: future 
weather cdts

NREL Rev
(cnvrt to pwr)

Hourly IA wind & 
solar output @ 
specified temp 

See www.nrel.gov/docs/fy23osti/85711.pdf See www.nrel.gov/gis/renewable-
energy-potential.html. 

Temperature

More warmer 
days, fewer 
colder  days.

2022 2050

Extreme risk

Very high risk

High risk

Extreme risk

Very high risk

High risk

These plots apply to any GW level of 
wind/solar, expressed as a function of % solar.  

Risk hrs decrease with % 
solar due to diversification.

Risk hrs increase 
with % solar due 
to nighttime hrs.

Risk hrs increase 
in 2050 due to 
higher temps.

Sup3rCC adds high-resolution {spatial features and temporal 
dynamics} conditioned on low-resolution GCM input

http://www.nrel.gov/docs/fy23osti/85711.pdf
http://www.nrel.gov/gis/renewable-energy-potential.html
http://www.nrel.gov/gis/renewable-energy-potential.html


Highlights of recent work (see website for report):
Task G4, Project Report #2: High-risk conditions & events
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See www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters[]=all-disasters

http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters


Next Steps
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1. Extend work on high-risk conditions and events:
• Enhance modeling on future load and resource projections;
• Compare to similar analysis using other datasets;
• Develop R-CEP to balance investments between normal & extreme events.

2. Continue monitoring MISO and SPP processes;
3. Refine visions, uncertainties, and futures;
4. Develop network model: consider using model to be used in  MISO 

LRTP Tranche 2 studies, with review/updates from SPP.
5. Next PAB meeting: January, 2024.



PAB Feedback
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Provide feedback now or else by e-mail to jdm@iastate.edu or phone at 
515-294-4844 (v) or 515-460-5244 (cell) at any time after the meeting, 
but within next 2-3 days. Other questions in which we are interested:
1. Do you see ways to modify motivation, objectives, and/or tasks to 

make this project more valuable to you and/or to Iowa? 
2. Do you believe the 5 visions we intend to plan for are an appropriate 

capture of different directions Iowa may choose to go?                 
(energy cost, CO2 reduction,  energy export, resilience, balanced)

3. Are there significant uncertainties beyond those listed on slide 6? 
(policy change, demand growth/electrification, retirements, fuel price, technology costs); 

4. Do you find our reports 1 and 2 useful/informative? Do you have 
questions related to them?

5. Any other questions, comments, suggestions, opinions you have?

mailto:jdm@iastate.edu


Modeling – DER Representation
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Model one N-seg feeder 
at each trans load bus. 

N=3 segments

DER = EE, DR, D-PV, microT, & D-storage

Enables multi-segment loss representation & investment without increasing model size too 

much. Can choose N according to computation/fidelity needs.
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