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1. Overview

PIE project objective & motivation

Key tools
Futures development
Model reduction
Adaptive coordinated expansion planning (ACEP)

. ACEP with GE-MARS

ACEP Results
250-bus model, pre-tranche 1: validation, resource adequacy, storage effects/H2+epri rprt
1800 bus model, post-tranche 1, no 765kV investment options: validation
2298 bus model, post-tranche 1, w/ 765kV investment options: comparison
Ongoing work:
Additional ACEP features
Resilience studies
Other studies

Visions and survey results



1. PIE Project Objective and Motivation

e (Objective:

e |dentify several 20-year plans

* (what, when, where, how much GTD)
* to position lowa’s low carbon electric infrastructure to perform well
 under normal and climate-influenced extreme events & conditions.

 Compare/contrast to RTO/utility plans.

e Why?

 Energy planning is done for region, for utility areas, but not for lowa.

* |owans have different visions for what they want.

 Can we “build in” to our models/analyses ability to handle uncertainty?
 And address climate change & resilience in power system planning?

e Some new technological options of interest:

Storage (battery and H,)
Small modular reactors
HVDC

Data centers

Demand control

Small ICE’s burning renewable fuels
(renewable natural gas,

hydrogen, efuels, biofuels)



lowa’s Energy Visions  FERCOrder 1520

° o | Uncertainties |
Policies (i.e. emissions, RPS)
Demand growth

Retirements
Fuel price

E m D h a S i Ze e n e rgv COSt Technology investment costs
Maintain avg annual R/C/I cost of 12, 10, 6 ¢/kwh (EIA).

. . | uncevaiies
olicies (i.e. emissions, RPS)
Demand growth
Retirements
V 1SI 3 )
Fuel price
Retirements
" S " n 5 m
V I I O olicies (i.e. emissions, RPS)

Fuel price
olicies (i.e. emissions, RPS)
L]
E m D h a S I Ze e n e rgv ex p O rt Technology investment costs
Fuel price
Demand growth

L

Emphasize CO2 reduction  wmsemmesmecoss
Produce 2 times in-state electric energy requirements.
Emphasize resilience

Cut 2038 CO, levels by 80% of 2005 levels

V e . ° m
ision 4=» T

Reduce extreme event cost of electric outages by 60%.

L

Retirements

osts

PLAN 1

PLAN 2

PLAN 3

= EVALUATE PLANS:

PLAN 4

PLAN 5

Balanced Fuel pric Future n-1
Seek a balanced portfolio of above 4 Y "

Reliability
Investment & Op cost
Resilience

Losses

Congestion costs
Econ. dvlpmnt impact
Environmental impact
Robustness



Uncertainty Characterization 2 a ® Key to o I S :

* Adapted from MTEP19 and MTEP21 studies [1],[2]
* MISO evaluates scenarios to bookend uncertainties
* MISO’s bookending used to develop low/medium/high values [3]

futures development

= = Scenario reduction Entire Uncertainty Space: pmmv

Scenarios
N Y

RPS

Natural Gas
Prices

% MISO-wide RPS Natural Gas Price Generation Retirements
[= wT - B w
= . ® =4 .t % 50
c 20 "..-""'"" = * amssnmmEn®
& 17" EO R * 0
&CJ 2020 2025 2030 2035 2040 2020 2025 2030 2035 2040 Low Medium High
©ar ©ar e Coal e Gas/0il  Nuc

4hr. Battery Storage Cost 100m Wind Cost Emission Reduction

100

Generation
Retirements

HHIII
| l '\

|“|H \I | I““WNIII

Storage Costs

Wind/PV Costs

Emission
Reduction

. ‘ H’ ' Il HW\HH It Wil

At

Uncertainties

WHIH il '
NH\ \‘\ \M\ M

Load Growth

Demand Growth

IHIH \I “‘I“II“““H“I | “I

l HH ’

HH \‘\ \M\ N H\ \‘\ N‘H\\ M W \‘\ N‘H\\ M W \‘ | N‘H\\ M W \‘\ |

215 . = = F o=
= : Tra, £15 ’.:"r.... £ ..'.."""-..,‘ Demand Side
;.,:10 ., 'ln-.,‘_" Dj L] . "EEEw _5 ".... Potential
] feall %10 ., g = e, Y
020 2025 2030 2035 2040 020 2025 2030 2035 2040 020 2025 2030 2035 2040 nl|[ n2([ MISOF2|| n3 n4
= e e . . N
ar ar ar e 39=19,683 total futures/ 9 uncertainties and Iow/medlum/hlgh
*  GAMS ScenRed2 function — input-based methods [4]
B PV Cost MISO Energy & Demand Growth Demand Side Potential *  MISO futures (F1/F2/F3) were weighted heavier than other scenarios to force MISO scenarios to be in
= ST — S 150 0 reduced scenario subset
& : - = =
i "‘:r'~}-'w~- = 100 & 20 Scenarlos s
g 1 T ] e £ e = g <0 (P2~ 017) (P2~ 022) (Ps~ 017) (Pa~014) (P:~O 08) (P5~015) (P>~0.09)
2020 2025 2030 2035 2040 2020 2025 2030 2035 2040 Low  Medium  High APS i .
2 . o un - Natural Gas Reduced Scenario Sgt. .
- Y —- DPY — Load Profile  —+ Peak Demand @ Generation F1: Low carbon reduction, RPS, demand, medium costs
B e corte F2: Medium everything
«xr Low Medium === High E Wind/PV Costs F3: High carbon reduction, RPS, demand, medium costs
o pmission n1: Low gas & renewable cost
References: £ LoadGrowth n2: Low gas cost, high renewable cost
[1] Midcontinent Independent Systems Operator, “MTEP18: MISO Trans-mission Enhancement Plan,” 2018. [Online]. Available: Demand Growth T
https://www.misoenergy.org/planning/planning/. Demand Side n3: High renewable cost
[2] Midcontinent Independent Systems Operator, “Appendix E: MTEP19EGEAS Assumptions Document,” 2019. [Online]. Available: Potential n4: High gas & storage cost, low renewable cost
https ://www.misoenergy.org/planning/planning/
[3] National Renewable Energy Laboratory, “2020 Annual Technology Baseline (ATB),” Jul. 2020. [Online]. Available: atb.nrel.gov
[4] GAMS, Gams scenred2, 2021. [Online]. Available: https://www.gams. LOW -}E}-

com/latest/docs/T SCENRED2.html..
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70,000 bus model

0. Initial model
Obtain network model
Perform load forecast
Forecast weather cndts
Identify futures
Remove radial paths

| 39 000 bus model .

© oo oW

¥

1. PREPROCESS

a. Trim & map

b. Identify
study system

c. Reduce ext &
LV system

A.
Jahanbani,
Research
Faculty

Y. Jiang,
Ph. D.
Student
(now at
CAISO)

2b. Key tools: model reduction

@, ﬂ

Z. Parvini
Ph.D
Student

o

d.

b.

2. DIVIDE
Key branch
ID using
rolling sim
Identify
zones

MODEL REDUCTION;

minimize expansion tools compute time:; maximize model fidelity

3. RETAIN
Bt Identify buses
to keep.

4. ELIMINATE
B Apply Ward to
each zone.

B

5. AGGREGATE
a. Topology-
based
b. QG

6. ESTIMATE
B a. Capacities B
b. Exp cost

9891 bus model

7. EXPANSION TOOLS

L 2

8. TRANSLATION

1800 bus model
250 bus model

Above model reduction procedure implemented twice to build 2 reduced models

Source of full network Fidelity level

1800

From 2024 HS MMWG
From MISO, w/ Tranche 1

Tranche 1
Tranche 2

Tool testing/refinement

Medium

Final PIE project results High




2c. Key tools: Adaptive Coordinated Expansion Planning (ACEP)

A

A computer model we have developed:

=>» |dentifies a plan (where/when/what/how-much
G, T, D to build) over ~20yrs to minimize NPW

* investment costs plus
 operational costs
subject to multiple futures
and system constraints.

Exploratory, not predictive:

“Point it” in the direction of a particular vision.

Identify several “futures”.

It gives least-cost G,T,D plan for that vision subject to specified futures & sys constraints. 7



2c. Key tools: Adaptive Coordinated Expansion Planning (ACEP)

Generation

Generation

Investments

Investments

e
-
=5

{ Generation
> / Investments

————
-
~
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ﬂ-u,‘.‘
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.."h
~

\\ '-‘
1 A,

A
\
!
1
1
1
1
]

\
A
\i

= V2040 12045

by "".‘ 3 v 5
> )
) -
~ \ \‘ Investments
\
\‘
. q
. . ‘
p A,
|
1

.'ﬁ
Transmission

] Investments
12045

Transmission
Investments

\ Transmission

Approach:

|Identify generation & transmission investments to:

MINIMIZE
[Cost of Core (i@hl)] +

B X [Prob{Fut} X
(Cost of Adapting Core{Fut}
+Cost of Operations{Fut}) |

SUBJECT TO (for each Fut)

network flow laws, flow limits, gen limits
reserve requirements

environmental targets or constraints
Investment targets or constraints
resource adequacy constraints



2d. Key tools: ACEP with resource adequacy (RA)

-
fs ()

Adaptive Coordinated
Expansion Planning

e GE-MARS &

GE MARS is a full sequential Monte Carlo simulation

Chronological system simulation performed by combining:
« Randomly generated operating histories of units through time

Generation
nnnnnnnnnnn

 Hourly chronological load cycles

prsnssnnnnnnnnmag,, v
.
.
.

) 0§ ,@ .’°."'-. » Transmission links
SRS With PRM

N7 LI . Years are simulated until a convergence criterion is met,
igis et 1 constraint

or for a set number of samples

Applied by season
o & by MISO LRZ.

ADJUST
CAPACITY CREDITS (D-LOL) &
PLANNING RESERVE MARGIN

LOLE=
0.1 days/yr DONE

ould alséd include EUE here,
for energy adequacy. 9




3. ACEP results: summary

Tranche | Tranche Robustness Purpose
1? 2.1 Ccts parameter
250 No No Yes B=1 MISO F1, F2, F3 Validation,
+ 4 more Storage effects
1800 Yes No No B=5 MISO 1A, 2A, 3A Validation
+ 4 more
2298 Yes Yes No B=4 MISO 1A, 2A, 3A Validation, Effects of RPS
+ 4 more
2298 Yes Yes No B=4,2,0.5 MISO 1A, 2A, 3A lllustrate ACEP concept,
+ 4 more Identify important investments

Scenarios
3 nl n2

F. F2 3 4
(Pn017) (Pn022) (P017) (Pr0.14) (P~0.08) (Pen015) (Pr~0.09) RPS
RPS Emission Reduction
Natural Gas . _ _
@ Prices Emphasize Fossil Retire.
m Ge[nerarron
e Retirements Load Growth _
E Storage Costs b L )
g Wind/PV Costs )= Electrification A
Emissi o
B, neductr 5 OER f I —
= Load Growth i i T T
S oo g Wind/PV Cost Reduction - Low Medium High
eeeeee -
Demand Side Battery Cost Reduction -
Fotential Natural Gas Price -

Climate Change

-}I@}- New-Nuclear Availability -

T T
MISO 1A MISO2A F4 F5 F6 F7 MISO3A 10



3a. 250 bus model, ACEP with RA, 7 futures, p=1

Core Investments - compare to Tranche 1

T Ontario
Winnipeg ’ G&T Investmen! Tranche 1 - Approved July 2022
DR_N . -
* 0.0 - 1.0 - -
Lake EE—N
Superior
o ® 0.0-1.0 )
DPV_N 4
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3a. 250 bus model, ACEP with RA, 7 futures: core vs. adaptations

Gen. & Trans. Core Investments-fB =1
500 240

— 230
2 400

Trans o Wind

0 180 ’

1st Iteration 2nd Iteration 8th Iteration F3

2300

>

2 210
S 200
Q.

200
8 100 190

Investment Cost (SB)

== CC N CC_CCS N
Gas_GT_N mmm Solar_N
mmSTO_N = Wind_N

I DPV_N BN EE N
- - F4 F5
DR_N Transmission

=—#—Total Investment Costs J-St Iteratlon znd |teratIOn

Gen. & Trans. Core Investments-3 =0.1
500 240

< 400 230
Trans 220

€ 300
210
200
190
r

— 180
1st Iteration 2nd Iteration 8th Iteration

$B)

Investment Cost (

mmCC N €C_CCS N

Gas_GT_N mmm Solar_N
== STO N = Wind_N
= DPV_N EmEE N

DR_N Transmission F5 F4 F5 F4
i TotalInvestment Costs 15t Iteration 2" |teration 8th |teration

F5




3a. 250-bus model, ACEP w/RA, 7 futures, B=1: storage effect of on core

O ontario O ontario

Winnipeg JWinnipeg G&T Investments (GW)

.3-hour STO 2-hour STO | . %

3 EE_N
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+
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M Solar_N
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500

400

w
o
o

N
o
o

Capacity (GW)

2-hr Storage:

Lowest S/MWhr cost and
so invests more

but is less effective in
satisfying LOLE
requirements, and so
total capacity (and cost) is
highest

100

0

2-hour STO
/ CC_ N

Gen. & Trans. Core Investments

3a. 250 bus model, ACEP with RA, 7 futures: B=1, effect of storage

- 240
Cost
\A 230 _
o
. I _Trans pL
220 =
Wind S
210 ¥
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EE!. 13 0| - 6.3 | e
200 5
Solar =
190 —
Gas
180
4-hour STO 8-hour STO
CC_CCS_N \
Gas_GT_N Solar_N
mmSTO N Wind_N
mm DPV_N e EE N
DR_N Transmission

—a—Total Investment Costs

8-hr Storage:

highest S/MWhr cost and
so invests less;

But longer duration &
shifts reserve needs to
gas which is more
effective in satisfying
LOLE than 2-hr storage;
8-hr price point (NREL) is
important for this;
Lowest total capacity and
cost.
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Hydrogen: other end of storage duration spectrum

H, production via wind/solar-driven electrolysis, biodigester-driven steam reforming,
and geologically, producing elect energy via fuel cells during normal & extreme cndts.

Trailer-

" Y= = ¥ ‘ mounted
& Manure i\ ' mobile
x systems
iodigester
# PROVIDES

RESILIENCE

H'_ -

Geologic hydrogen is hydfogen gas thatis naturally found
below the surface of the Earth. Unlike hydrogen produced
through industrial processes, geologic hydrogen is sourced i

. . o FUEL-CELL  FUEL-CELLAG  FERTILIZER
by, and stored in, rocks in the ground, similar to natural VEHICLE EQUIPMENT

gas resources. lowa is thought to have a lot of it! 2 pargi

www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen Ph.D
Student

A .


http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen
http://www.usgs.gov/publications/prospectivity-mapping-geologic-hydrogen

3b. 1800 bus model (with Tranche 1), ACEP with 3 futures, =5

"
Core transmission investments; Beta=5
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3c. 2298 bus model (with Tranche 1), ACEP with 7 futures, =4

Legend

Onshore Wind
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3c. 2298-bus model (with Tranche 1), B =4

RPS not modeled

MISO-wide RPS modeled
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3. Reasons for differences between LRTP and ACEP

Our results are close to MISO’s LRTP results, but differences exist, due to:

A. Modeling differences:
1. RPS: We used MISO-wide RPS; LRTP used RPS state-by-state.
2.C0O,: We used MISO-wide CO, constraint; LRTP used CO, constraint state-by-state
3. Reduction: We had some modeling differences via model reduction process
B. Expansion differences:
1. Generation allowed to expand:
* We expanded gen according to what was least-cost, cooptimized w/ transmission;
 LRTP used GIQ, and after that, what was least-cost.
2. Transmission allowed to expand:
* We allowed all 765 kV, 345 kV circuits to expand according to what was least-cost;
* LRTP had 345 kV expansion but only to the extent that it was necessary to support
intended 765 kV design.
3. How much transmission was allowed to expand:
* We expanded transmission to MW level needed to supply load thru 2050.
* LRTP expanded transmission to number of lines needed to supply load thru 205019



3c. 2298 bus model (with Tranche 1), ACEP with 7 futures

Core investments, for =4, 2, 0.5
to show circuits of increasing importance
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Note: To make all transmission investments visible, line thickness in
one map has different meaning than line thickness in another map.
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3987.6 - 6900.0

Solar Photovoltaic
00-736
73.7-1144.3
1144.4 - 2062.4

2062.5 - 3000.0

Natural Gas Fired
Combustion Turbine
00-1.0

© 11-436

. 437-458

e 459-307.6
Batteries

©0.001-0.019

Natural Gas Fired
Combined Cycle
00-18.1
-+ 18.2-50.5
o 50.6-239.4
® 2395-5019

Investment
0-7
——8-40
— 41-150
e 151 - 246
- 247 - 479
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Adaptive Generation Investment

3c. 2298 bus model (with Tranche 1), ACEP with 7 futures

Core investments, for =4, 2, 0.5

to show circuits of increasing importance

INVESTMENTS VS BETA,

-y Adaptive Gene JEQ}EME RA—T—I QIN}EHEI'E tion Investment

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

CORE
ADAPTATIONS
1 2 3 :
Beta

(]

400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

Core Generation Investment

Adaptive Line Investment

—g— Adaptive Line Investment

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

nnnnnn
P U

INVESTMENTS VS BETA,
TRANSMISSION

ORE
ADAPTATIONS
0 1 2 3 4
Beta

[&]

—g— Core Line Investment

200,000
180,000
160,000
140,000
120,000
100,000
a0,000
60,000
40,000
20,000
0

Core Line Investment
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C. Phillips
Ph.D
Student

< 20-year planning honzor >
| Normal years Normal years

m-?m-m
’(O’l

- 0 U
K- K-

Extreme S
event year

——
Extreme :
event year

Extreme :

event year

Resilience-based expansion planning combines
extreme event years w/ normal years with user-
specified ratio R/N of resilience investments to
normal investments.

Dialin the resilience

to normal (R/N) ratio @\ %/e
&%

Normal Resilience
conditions (extreme

events) cdts)

2 4.0ngoing work

Resilience

Simulating 2020 Derecho

Five steps for simulating derecho impacts on transmission lines
. Define 8 “weather regions” with similar windspeed/timing from

derecho

. Create wind timeseries based on surface observations in/near weather

region

. Calculate failure probability timeseries for each region/fragility curve
. Define region derate as max 20-minute failure probability
. Calculate derate per transmission line

¢ (4) Derate Per Region

s . 75 0.80 0.49 R
F:;(m p p p 1 p 396 019.13 0 15.26 57.01 8.60

NOAA Max Estimated Wind Gust (mph) (1) Weather Regions

B3 70 =0 100 E

3) Failure Probability Timeseries (2) Weather Region Wind Timeseries ¢'
<

Ri R2 R3 R4 R Re R7 R 5) Derate Per Transmission Line
Standard 0.98 093 054057 0.25 OBO 0.75 0.99 Line % in Weather Region Derate

Line # R1 R2 R3 R4 RS R6 R7 R8 StandardSemi Full

0 0 52.38% 32.13% 16.57%

A1 besossor21 1 A 3% 027.75 015565669 O O O 51.15% 32.02% 16.50%
401 01323 0144356721562 0 0 52.79% 31.81% 16.46%

377 028.25 0 15.59 56.16 0 0 0 50.80% 31.76% 16.35%

378 0 0 0 11.23 56.54 32.23 0 0 53.68% 31.08% 16.28%

669 o 0 0 7.40 55.28 37.31 0 0 52.11% 29.67% 15.77%

n 1ig Ui /s g Sg Ui i D s Dy Dy




B = 4. Ongoing work
Additional ACEP features: Inertia

B0.00 o o o Observed RoCoF
59.75 A Mlnlmum frequency dlp or max —8— 30% IBR Penetration, No Control |
. . . ° —-0.2 30% IBR Penetration, GFL Control
5950 | ROCOF is protection against UFLS
5 5025 =»UFLS is a protection g "
x ° ° . E -0.6
g 59001 against gen tripping. :
- = Full Inertia . . . . Q —08
o7 s s =»Gen tripping is protection 2
E8.50 1 = Ineriia reduced By &% o . . —1.0+
—— Inertia reduced By 50°% against loss of turbine life y
55.25 L— \ | [ , 13-
’ ° 0 S 10 20 30 40 50 60
MINIMIZE Tripped Generation (MW)
[Cost of Core (i@Hl)] + n — -
B x [Prob{Fut} X For high wind/solar levels, | nemwe - e |
(Cost of Adapting Core{Fut} Synchronous Generator Yes Yes
+Cost of Operations{Fut}) ] ACEP chooses from among Synchronous Condenser Yes No
SUBJECT TO (for each Future) these configurations to BESS Yes Yes
« network flow laws, flow limits, gen limits . . . . ] ] Wind (MPPT) No No
* reserve requirements maintain SLIffICIGrIt Inertia Wind +.Inertia Emulation Yes No
» environmental targets or constraints & primarv freauenc Wind + BESS Yes Yes
* investment targets or constraints P y 9 y Derated Wind Limited Limited
« resource adequacy constraints control at least cost. Solar PV (MPPT) No No
A — F. (AP H PFR) < A Solar + BESS Yes Yes
/ = F1 (AP, e ) = A max Derated Solar Limited Limited
RoCoF = F, (APg, Hyys, PFR) < ROCOF T No Yes 23




4. Ongoing work

Additional ACEP features

A.
Jahanbani,
Research
Faculty

Dynamic flexibility: update regulation & ramping requirements as wind/solar grow

Without wind/solar,
regulation/ramping
reserves depend on
load variability; no
change with new
resources; most new
resources provide
reserves.

Now, reserves are
function of netload
variability =»depend
on amount of added
wind/solar.

Net load is red. Load is blue.
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Load and Load-Wind Hourly Variability (MW)
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<
= o= |
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N
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COMPUTE NETLOAD
ACEP
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GW of Wind

L

Reg, ramping
requirements
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PROBLEM:

Increased wind & solar causes
=»increased need for reserves;

=>»decreased fossil plants;
=>»decreased plants that can provide reserves.

Reserves

* Regulation reserves
* Rampingreserves
* Short-termreserves

Solution

Use what supply side is available (hydro, CTs,

4. Ongoing work

Additional studies: Load control

D

EMAND-SIDE REGULATION

DATA & BITCOIN CENTERS

* MANUFACTURING PLANTS

* RESIDENTIAL LOADS

* BUILDING HEATING/COOLING/LIGHTING
* WATER TREATMENT PLANTS

* WASTEWATER TREATMENT PLANTS

A.
Jahanbani,
Research
Faculty

SUPPLY-SIDE

REGULATION
* HYDRO

* GAS-CT

« STORAGE

storage, Low carbon steam plants, ICE).
Supplement with load control.

Frequency

Decrease Increase

/\/ B 7‘-"}\
60 \>

ENERGY
* RESIDENTIAL

OPPLY-SIDE
ENERGY
* HYDRO

* COMMERCIAL
* INDUSTRIAL

* WIND
* SOLAR

ACE (area control

error)

COMMUNICATION
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Additional studies: Small nuclear reactors

Question: Given they are zero-carbon, and given their contributions to flexibility,
reliability, & resilience, what is their threshold CAPX to become attractive?

Q remcre

Natrium by TerraPower

Reactor Building

4. Ongoing work

VOYGR by NuScale

Senior Design Group 1

Natrium VOYGR Prism SMR-160 BWRX-300 ARC-100
by TerraPower by Nuscale by GE Hitachi by Holtec by GE Hitachi by ARC Clean
PLisL 518 nsis718] (122304 International .. Technology
911100119 m
Pressurized
Sodium fast Sodium fast Pressurized Water Boiling Water Sodium Cooled
Reactor Type Water-Cooled
Reactor Reactor Reactor Reactor Reactor
Reactor
308 (4 modules),
Power Output
(HWO)N 345 462 (6 modules), am 160 300 100
924 (12 modules)
might Cost
Ovarvie $4 biltion $9 billion $3-4 billon $1 billion $1 billion $.400 million
(firstin class)
Overnight Cost
- $1 billion $3.6 billion $1.5-2 billion $1 billion $700 million $400 million
(nth type)
Estimated
Construction 36 months 36 months 36 months 36 months 27 months 34 months
Period
fueli
ucl;:‘l:' 18 months 12-24 months 1224 months 24 months 12-24 months 20 years
15t build benefit-to-
cost 0.849937813 0.982923124 0.990779614 1.393353058 2140124142 1.90656356
Ratio
Nth build Benefit-
o 2.325952749 1.939551286 1.680160548 1.393353058 2621914842 1.90656356
to-cost ratio
Operational Date 2030 2029 2026 2029 2028 2030
Air-cooled
Modular condensers Natural circulation | Passive Cooling,
Thermal energy Passive cooling,
Important Features construction, for flexible cooling, simple Cheaper Metallic
storage scalable output
passive cooling deployment in design Fuel
various climates
LCOE ($/MWh) $50-$60 o $58-60 $81.50 $35-50 $55
Thermal
41% 30% 37% 30% 34.50% 38%
Efficiency

Capital
Expenditure

(Billion $ / GW)
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4. OngOing WO rk Senior Design Group 2
Additional studies: HVDC

Explore HVDC vs 765 kV AC
for Tranche 2.1

t ----- !
——————— ’ ' -. - A - - - e
] Q\ I o P
\ g
0 O Ry
\ =y
tows ge"’ol,e !
] Ve d)ssky . _ X
: —— O 9 Acy,. - ‘

"AA - \ Ossuble HVDC

L;\ Indana &

Study HVDC “ring design”

IOWA

RA|LROADS

It
- .:g‘ P
] AN

@lOWA DOT

Phone (515) 239 - 1664
In Cooy n with

e e e, |
7 = Ty= ””y’f A = "EE._}\;

//“
=
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s 4. Ongoing work

dditional studies: Data centers/load forecasting

< Al Overview

lowa is the Midwestern state currently experiencing the
most data center construction. Major tech companies like
Apple, Facebook, Google, and Microsoft are investing
heavily in cloud campuses in lowa, contributing to the
state's data center boom. Additionally, lowa benefits from a
strategic location in the heart of the country, ample land,
low energy costs, and minimal earthquake risk, making it an attractive location
for data center development. «

Here's a more detailed look:

lowa's Data Center Boom:

lowa has seen a significant increase in data center facilities and capacity in recent
years. &

Strategic Location:

lowa's central location in the Midwest makes it a convenient hub for data centers,
especially those serving national and international clients. &

Advantages for Data Center Development:
lowa offers several advantages, including ample land, affordable energy. and a stable

regulatory environment. & Othe

Major Tech Companies Investing: d t
Prominent tech companies are investing heavily in lowa, indicating the state's ata
attractiveness for data center development. &

Where will data centers be built in lowa?

4 Al Overview

Several data centers are planned or under construction in various parts of
lowa. Key locations include Cedar Rapids, Waukee (near Des Moines),
Altoona (near Des Moines), West Des Moines, and Council Bluffs.

Hara'c a3 mmara cdatailad bBrasledd oo -

A.
Jahanbani,
Research
Faculty

Al-BASED GATHERING OF
LOCATIONS & FEATURES

—-_=

LOAD GROWTH PROJECTIONS
(machine-learning approach)

Data Center | Electrification

growth growth

Res/com/ind
growth

~~

-
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D. Ajang

4. Ongoing work e,
Robustness evaluation via O eiEr , i » ghs| s
IACEP: Core gen/trans. Investment cost

fOlding horizon SimUlation OFHS: Scenario avg. FHSopethional costs
PFHS: Scenario avg. FHS penalty cost
e 39=19,683 futures, but ACEP uses 7

RFHS: Scenario avg. FHS re-invest costs

* Howdoesfinal plan (core) perform BESTPLAN, i S
when exposed to futures notused in Robustness =< E
ACEP design? parameter = ricow

* Simulation rather than optimization B=1.25
= fast. .

* Penalties computed when plan
violates a performance requirement, ” 111010181
e.g., loss of load.

B=0.1, cheap & B=5, expensive &

non-robust plan highly-robust pla 29



Vision

Emphasize energy cost

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

Vision 2

Empbhasize CO2 reduction
Cut 2038 CO, levels by 80% of 2005 levels

Vision 3

Emphasize energy export

Produce 2 times in-state electric energy requirements.

Vision 4

Emphasize resilience

Reduce extreme event cost of electric outages by 60%.

Vision 5

Balanced
Seek a balanced portfolio of above 4 features.

15. Final Slide: Visions and survey results

Surveyed people of lowa:
~2100 responses from 93/99 lowa counties

1 |Vi-cost | Vv2-co, | |V4-res [ Vi-cost |v2-co, |V4-res

2 V1-cost | V1-cost || V4-res V1-cost
3 V2-CO, V2-CO, || V3-exp

4 |v3-exp |v3-exp || v3-exp | [v2-co, |[v3-exp || V3-exp
These results are “tip-of-the-iceberg” —i.e., there is much more...

* Many more categories, i.e., many more columns

* Ability to quantify not only ranking but level of support
* Ability to assess understanding of vision

» Ability to assess reasons for ranking/support

=>» Intention is to provide investment plan for reaching each of the
visions, then communicate lowan’s support for each of those visions.

Next step: Develop plans for each of the 5 visions.
30



Unused Slides
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5. Climate Effects

Analysis used NREL's Sup3rCC
high-resolution 2050 climate data set

See www.nrel.gov/docs/fy23osti/85711.pdf

800 . - : 800 . -
—— extreme risk (>30°C and < 20% output) —— extreme risk (>30°C and <20% output)
700 A —— very high risk (>28°C and < 40% output) 700 4 —— very high risk (>28°C and <40% output)
—— high risk (>26°C and < 60% output) High risk —— high risk (>26°C and <60% output)

58 Risk hre decrense with % Analysis used NOAA’s

Risk hrs increase

o~ . . fe . o
o solar due to diversification. . a HTH . .
gy SORPELETe, with % solar due 5 - Billion-dollar climate disasters
2 400 High risk ¥ to ni%httime hrs. % 400 See www.ncei.noaa.gov/access/billions/events/US/1980-
5 5 N 20237disasters[]=all-disasters
§ 300 v § 300 1 Very high risk Risk hrs increase
i 200 -Very high risk ) 200 in 2050 due to Number of severe storms in lowa having
" . higher temps. cost impact exceeding $1B
100 - , : 100 { Extreme risk R
Extreme risk L ) 35 Estimated
01— : : : : : 01— : ; : ; : £ 30
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 5 Actual
solar fraction solar fraction ’j 25
° . e o ° . g 20
High-risk conditions (high temp & low wind/solar) || :.
T 10 \
Rel Actual
g 5 Actual
S = =)
1980-1989 1990-1999 2000-2009 2010-2019 2020-2029

Decade

Extreme events (very high wind)
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http://www.nrel.gov/docs/fy23osti/85711.pdf
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters

Modeling — DER Representation

odel one N-seg feeder
at each trans load bus.

Distribution

i "linundary SETN =S

Distribution

N=3 segments

” E—Eh\ \
\ J

-+, Transmission =
f ~

) q /

™ - %0 :

o D> PR 5 \ = 2 =
/DER  /DER LN g OB AR
\ ," ’,“ -‘ ". " ) \\\ ’/ \\\ // \\\ ’/

"%\ Distribution

Tra ns -3

-

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

Distribution

N
£
A\ [

Distribution

Distribution Bus

Boundary Bus [ ]

Trnsmission Bus | Enables multi-segment loss representation & investment without increasing model size too
much. Can choose N according to computation/fidelity needs.




Internal modeling: ReS|I|-based CEP model R-CEP

Balance

*  investments enhancing
performance under “normal”
conditions

. with investments enhancing
performance under extreme
events.

by integrating extreme event
modeling within exp planning

Typical meteorological years:

=

Extreme meteorological years:

- Models normal conditions
- Uses normal ratings on components
- Investments driven by component rating & need to satisfy power demand

- Models extreme event scenarios:
* Hurricanes
» Tsunami/flooding
* Earthquakes
* Other: winter storms, wildfires, geomagnetic storms, etc.
- Uses de-rated components based on event intensity and component resilience
level to identify optimal resilience investments 3
—> Investments driven by component derating & need to satisfy power demand 4




Modeling Fidelity and Computational Tractability

Investment No. of resource No. of operating No. of
options technologies periods mv:::r:;ent Temporal
Resolution

No. of candidate
resource locations

Decision
Horizon

No. of transmission
technologies

Expansion
Planning
Problem

]Spaﬁal
Resolution

—{ Network size

No. of candidate
lines

No. of extreme
events for
resilience

Transmission T
[ model j [No. of scenarios] o Ste N )
Transmission

representation

Transmission
investment

model
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Adjust
input data

Approach to include CC calculation into ACEP/GE-MARS

® Ongoing work: Implementing an iterative accreditation method in GE-MARS that dynamically updates capacity credit (CC)
values over the planning horizon, using the Direct Loss of Load (D-LOL) approach proposed by MISO to reflect each
resource’s contribution to system reliability during periods of highest system stress.

a

Python

"GE-MARS.

v

Current-
year model
(i.e.,
topology,
generation,
load, etc.)

PRM & CC
calculation

LOLE & CC
calculation

LOLE & CC
calculation

LOLE & CC
calculation

LOLE & CC
calculation

No No No No

l ! ! !

PRM and CC Adjustment for the next ACEP/GE-MARS Iteration 6




Approach to include CC calculation into ACEP/GE-MARS - Initial Results

Capacity credit values for wind and solar in MISO North, Central, and South were obtained using the D-LOL
method in the latest iteration of the ACEP/GE-MARS tool for a reduced model of MISO with B set to 1.

* Wind Capacity credit: MISO North/Central - Solar and Wind Capacity Credit

. . . . 70%
Capacity credit values remain relatively stable across 60%

futures and years (around 60% in MISO North/Central, 50%
and 40% in MISO South), indicating a consistently strong = #40%
o . . : 30%
contribution of wind to resource adequacy in the region. ' 5.,
10%

0%

. . 2026 2044 2026 2044 2026 2044 2026 2044 2026 2044 2026 2044 2026 2044
* Solar Capacity credit:

_ _ _ _ F1 F2 F3 F4 F5 F& F7
In 2026, solar capacity credit values tend to be higher in

MISO South, generally ranging from 20-40%, compared Solar - MISO North/Central & Wind - MISO North/Central
to lower values in MISO North/Central (below 10%). This
highlights the differences that exist across various

geographic locations MISO South - Solar and Wind Capacity Credit

0%
B0%
50%

By 2044, solar capacity credit values reach minimal ;EE
levels, approaching 0% across both MISO North/Central  3gs
and MISO South in several futures, highlighting a 10%

reduction in solar’s reliability contribution during critical 0%

periods under evolving system conditions 2026 2044 2026 2044 2026 2044 20206 2044 2026 2044 2026 2044 2026 2044

F1 F2 F3 F4 F5 Fé F7
Solar - MISO South  ® Wind - MISO South

Initial results highlight the need for adaptive hlanning that considers regional differences and evolving system dynamics!



hours or risk in 2022

800

700

600 -

500 A

400

300

100 4

200Yery high risk

4b. Ongoing work — motivation for resilience

Analysis used NREL's Sup3rCC
high-resolution 2050 climate data set

www.nrel.gov/docs/fy23osti/85711.pdf

2022

—— extreme risk (>30°C and < 20% output)
—— very high risk (>28°C and < 40% output)
—— high risk (>26°C and < 60% output)

) o
Rllsk r:jrs d;acrease with % Risk hrs
solar aue to increase W

. ‘e Wi
[Hi yg;;smca};on. solar, due t
nighttime

Extreme risk

ith %
o
rs.

0.4 0.6 0.8 1.0

solar fraction

0.0 0.2

hours or risk in 2050

800

700 -

600 -

500 A

5

300 A

200 A

100 4

0

2050

—— extreme risk (>30°C and <20% output)
—— very high risk (>28°C and <40% output)
Hiagh risk —— high risk (>26°C and <60% output)
Very high Risk hrs
risk . .
Increase In
2050 due to
Extreme hiah .
- —higher temps:
0.'0 0j2 0.'4 0.'6 0:8 1j0

solar fraction

High-risk conditions (high temp & low wind/solar)

Analysis used NOAA’s
Billion-dollar climate disasters

See
www.ncei.noaa.gov/access/billions/events/US/1980-
2023?disasters[]=all-disasters

Number of severe storms in lowa having

cost impact exceeding S1B

35 Estimated
w
E 30
é Actual
n 25
9]
@ 20
- 20
D
o 15
<] Actual
g 10
= Actual
| & 1
S 5 Actual
= =3
l} o
1980-1989 1990-1999 2000-2009 2010-2019 2020-2029
Decade

Extreme events (very high wind)
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http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters
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http://www.ncei.noaa.gov/access/billions/events/US/1980-2023?disasters%5b%5d=all-disasters

3d. Robustness: develop evaluation tool

FHS performance: Total costs (T)
T = IACEP 4 OFHS _|_PFHS+RFHS

choose
future;
set k=0

REINVESTMENT
(UPDATE PLAN)

1000 { e

Evaluates/Refines a plan A B=1.25

 Whereas plan design (ACEP) optimizes over 5-10
futures, FHS simulates over 100’s of futures;

* FHS exposes plan to 1 future at a time;

* Assesses plan robustness; enables plan
refinement via reinvestments;

* Time steps are 3 months (seasonal, each year).

Costs ($B)

0
0,1 0.2 0.3 0.4 0.5 0.6 0.7

B=0.1, cheap &
non-robust plan

TACEP. Core gen/trans. Investment cost
OFHS: Scenario avg. FHS operational costs
PFHS. Scenario avg. FHS penalty cost
RFHS: Scenario avg. FHS re-invest costs

1400 mmm ///. ACEP I Core Generation Costs
::.:.:.: B EST P L A N ) 998! osts B Core Transmission Costs

B Generation Re-Investment Costs

200 R O b u St n e s S -===- Least Cost Plan = :gx::rzios:ti:n Re-Investment Costs
B VOM Costs
=3 Fuel Cost
p a ra m ete r =] Rl:‘:!ula(l)isoi Costs

3 Penalty Costs

0.8 0.9 1 1.25 1.5 175 2 25 3 4 S

Robustness Paramater ()
B=5, expensive & 2
highly-robust pla 39
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