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Highlights

Electric utilities in the MISO region are responding to h e

ener gy i ndus ttianynidiBerentn g
ways. At anaggregate level, there is a dramatic and rapid transformation underway of the resource mix in
Ml SO#rs inf.oot pr

The three MISO Futures encompassscenaios that bookend the fleet resource mix over the next twenty
years and are intended to be used for several years with minimal updates

Analysis of three scenariosallowsfor insights to the MISO system once it transforms to duasummer ard
winter peakingasrenewable energy reaches 50%
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Executive Summary

MISO is tasked with delivering safe,reliable,and costeffective power across 15 states and the Canadian
province of Manitoba. WithinMl S O#Hs di v efootprnt ,utibtyy memheashre makingfuture plans,
committing to near and long-term retirements and investments, and announcingincreasingly advanced
decarbonization goals. Although MI SOHs r o | epolicys and resource-agaostin, there is a clearfleet
transition underway that hasimplications for system operations.

As the fleet transforms, the need to keep the system operating reliably and efficientlyis driving what MISO

referst o as a regi onal IMBO®)ouramenibér utiities, dndrsate nequlators/adl Share the

responsibility to address this Reliability Imperative. A key element ofM | S Qd3ponse to the Reliability

Imperative is our Long-Range Transmssion Planning (LRTP)initiative . TheTFut ur es™ defi ned i n th
document will be a key driver ofthose efforts and other elements of theReliability Imperative .

How can MISO, as a regionajrid operator, support its member utilities and state policy makers as they
continuously refine how to serve the 42 mil lposalis peopl e
the use d forward -looking planning scenariosto provide outlooks of the future. TheseFuture planning

scenariosestablish different ranges ofeconomic, policy, and technologicalpossibilities § such asload

growth, electrification, carbon policy,generator retirem ents, renewableenergy levels, natural gas price, and

generation capital costg over atwenty -year period. This information is usedto model a capacity expansion

which forecasts the fleet mix that meetsM| S (pEming reserve marginat the lowest cost while adhering

to policy objectives. Using the range ofesource generation modeled, MISOwill then apply the FuturesH

expansion resultsto the development of transmission plans the LRTP, and otheMISO initiativ esthat

ensure continued reliability and economic energy delvery.

Thisreport captures an eighteen-month collaboration between MISO and stakeholdersto develop three

Future scenarios that bookend theuncertainty over the next twenty years. When carried forward into the

transmission planning models this set of Futures will enablethe diversegoal s and polstatesi es of M
and utilities.

MISO's Generation Fleet Transition

2005 2020 Future 1 Future 2 Future 3
2039
mNuclear mCoal mGas mWind&Solar m Other

Figure 1: Overview of MISO's Generation Fleet Mix Transition


https://cdn.misoenergy.org/MISO%20Response%20to%20the%20Reliability%20Imperative%20updated504018.pdf
https://cdn.misoenergy.org/MISO%20Response%20to%20the%20Reliability%20Imperative%20updated504018.pdf
https://www.misoenergy.org/about/miso-strategy-and-value-proposition/miso-reliability-imperative/

Future 1 Assumptions ¢ This Future
reflects substantial achievement of state and
utili ty announcementsand includes a 40%
carbon dioxide reduction trajectory. ! While
Future 1 incorporates 100% of utility
integrated resource plan (IRP)
announcements, gate and utility goals that
are not legislated are appliedat 85% of their
respective announcements to hedge the
uncertainty of meeting these announced goals
and respective timelines.Future 1 assumes
that demand and energy growth aredriven by
existing economic factors, with small
increases in EV adoption resulting in an
annual energy growth rate? of 0.5%.

Future 2 Assumptions ¢ This Future
incorporates 100% of utility IRPs and
announced state and utility goals within their
respective timelines, while alsoincluding a
60% carbon dioxide reduction. Future 2
intro duces an increasen electrific ation,
driving anapproximate 1.1% annual energy
growth rate .
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Figure 2: Summary of Future Scenario Impacts 2039

Future 3 Assumptions ¢ This Future incorporates 100% of utility IRPs and announced state and utility
goals within their respective timelines, while also includingan 80% carbon dioxde reduction. Future 3

requires a minimum penetration of 50% wind and solar andntroduces alarger electrification scenario,

driving an approximate 1.7% annual energy growth rate

The Futures utilized announced goals and other input assmptions through September 2020 to represent a

snapshot in time. Since the modeling of the Future scenarigsiew announcements and updatego utility and

state goals have beerpublicized. While the Futures Assumptions above summarizeesach scenaridginputs,

Figure 2 details several key results of the modeling. For example, Future lincluded a 40% carbon reduction
trajectory, and the model resulted in 63%carbon reduction.Ad di t i onal | y,

peak load valies, net of load mdlifying resources.

Tnet peak

! Carbon emission reduction in Future scenarios refer to power sector emissions across the MISO footprint from a 2006aseline.

2 Futures energy growth rates are compound anual growth rates (CAGR)
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Future 1 Results

This Future assunesdemand and energy growthare driven by existing economic factors, with small increases in EV adoption. Modeling for Future 1 resudin the
retir ement of 77 GW and the addition of 121 GW of resurces to the MISO footprint.
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Future 2 Results

Due to retirements andincreasede | ectri fi cati on, moder ate i

ncreases

relatively dual peaking. Modeling of Future 2 resultsin the retirement of 80 GW and the addition of 160 GW of resources to theMISO footprint .

Future 2 - Generation Capacity (GW)

Future 2 - MISO Resource Fleet Evolution (GW)

300 120
160 251 (&)
250 o " g 100
200 171 80 80
-1'0——> 52
100 71 — " 40
10 @ e ——
o 13 11 0
2020 Retirements Additions 2039 2020 2025 2030 2035 2040
B Nuclear MCoal MGas EWind | Solar B Other = Nuclear e=——(CQa| ==——Gas ==—\\ind Solar
Load (GW, 2039) Energy (TWh, 2039) Capacity (GW, 2039) Carbon Reduction
. o Footprint: 60%
170 Winter Peak Summer Peak attery, 1% Announced Plans
an July . 4
150 E 1140 oW 148 GW m Gas, 486 = Gas, 111 ﬁ;;: |.S]|-\(/|Xe)§/ 100%
‘ Coal, 9% # Wind, 183 S
| 1% i mWind, 52 F
Solar, 86 orecast % Increase
; Solar, 44 Energy: 24%
Hybrid, 38 5
| e Hybrid, 13 Demand: 21%
’ mCoal, 10  Compound Annual
DERSL Growth Rates
“ Nuclear, 85 ® Nuclear, 11 Energy: 1.09%
= Other, 21 = Other, 8 Demand: 0.97%
— m Battery, 9 m Battery, 2
50 .
Jan Feb Mar AprMay Jun Jul Aug Sep Oct Nov Dec Total: 948 Total: 251
Load and growth values are net load modifying resources
MISO Futures Report- 2021 5

i n haveaiagerdeak in tthe sanmreerbgt gmain a |



Future 3 Results

Due to retirements, decarbonization, and electrification, large increases in demand andnergy produce aprominent dual peaking load shape in the later years of the
study period. Modeling of Future 3 resultsin the retirement of 112 GW and the addition of 330 GW of resources to the MISO footprint.
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MISO Futures Purpose and Assumptions

In order to perform analysis on the bulk electricsystemtwenty years into the future, many assumptions
must be madeto bridge what is known about the system today towhat it could bein the future.
Complicating matters isthe uncertainty of future developments.

A tool that MISO has developed to address this uncertaintyis the use ofmultiple forward -looking scenarios
to provide a rangeof future outloo ks.Within MISO, the collection of assumptionsdefining these multiple
forward -looking scenariosare called thelFuturesi. These Future scenarios establish different ranges of
economic, policy, and technological possibilitieg) such as loadyrowth, electrification, carbon policy,
generator retirements, renewable energy levels natural gas price, and generation capital cosi over a
twenty -year period.

One of the core components of analyzing therid twenty years into the future is an undersanding of what

the electric generation resource fleet will be. Since MISAs not an irtegrated resource planner, MISO relies

on its stakeholders, policy direction, and industry trends to bridge thegap between what the generation

fleet is today and what t will be in the future. The Fuur es are used tchedge uncertainty by utilizing an

economic resource expansionanalysis whi ch forecasts the fleet mix that n
margin at the lowest cost while adhering to policy objectives.

As thefleet transforms, the need to leepthe system operating reliably and efficientlyis driving changes

within the Futures process and throughout MISO more broadlyas part of theReliability Imperative . As the

2019 MISO FORWARD Report identified, three major trends that are changing the energy landscape have
emerged g demarginalization, decentralization, and digitalization. Electric utilities in the MISO region are

responding to the energy indu s t r y H s traositignanidiff @ent ways. At an aggregate level, there is a

dramati ¢ and rapid transformation underway of the resour

MISO received a clear message of urgency from its stakeholders including member utilitiespficy makers,
and large endusers asking MISO to move quickly from identifying highlevel needs to providing solutions
that allow states and utilities to reach their energy transition goals.In response MISO initiated a public
stakeholder process to update the Futures processto align wit h the ongoing rapid transformation and to
better incorporate the plans ofMI S OHs me mb e s, whileamlsodreasing alto@kended range offuture
scenarios that could be utilizedin multiple study cycles.The public stakeholder processkicked off in August
2019, included thirteen different public stakeholder meetings, and concluded in December2020.

MISO is not an integrated resource plannerThe MISO Futuresreflect
resource plans annourted by member utilities and states and forecast

additional resources to meet forecasted energy demangpolicy
objectives, and reserve margins.

MISO Futures Report- 2021 7
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The Future scenariosin this document are aproduct of continued collaboration between MISO and its
stakeholders. Theyrepresent challenges and compronises enabling member utilities to achieve significant
fleet transitio n goals with diverse approachesor a more traditional resource portfolio. This report describes
three Futures that are intended to be used as inpus for multiple MISO Transmission Expanson Plan (MTEP)
cycles,the Long-Range Transmission Plan (LRT)mnitiative , and other planning studiesTheseFutures will
form the basis for all components of the Reliability Imperative, such that MISO and its stakeHders can plan
to a congstent set of scenarios across transmission, markets, and operations.

Assumptions within the three Future scenarios vary to encompasseasonablebookends of the MISO
footprint over the next twenty years. Future 1 represents a scengo driven bystate andmembersiplans,
with demand and energy growthdriven by existing economic factors Future 2 builds upon Future 1 by fully
incorporating state and membersH p andinchides asignificant increasein load driven by electrification
(discussd in the Electrification section of this report). In the final scenario analyzed, Future 3advances
from Future 2, evaluating the effects of large load increases due to electrification, 50% penetration of wind
and solar,and an 80% carbon reduction across the footprint by 2039.

MISO conducted the Renewable Integration Impact Assessment RIIA) to evaluate the impact of large

installations of wind and solar to the system. Thigmssessnentf ound t hat managi ng MI SOHs ¢
beyond the 30% systemwide renewable level, will require trans formational change in planningmarkets,

and operations. RIIA concludes that renewable penetration d at least 50% can be achieved through

additional coordinated action. MISO members have continued to update their goals and look to MISO to

help integrate these resources within the grid. With the analysis of the Future scenarios, wind and solar

penetratio ns reach 26% in Future 1 and 50% in Future 3.

Figure 3 showsthe resulting wind and solar energy generation in each Future. Sincead forecasts differ,
the energy required of wind and solar to reach these penetrations is larger in eachcenario. Futures 1, 2,
and 3 reach maximum wind and solar penetrations of 26%, 32%nd 50% respectively.


https://www.misoenergy.org/planning/policy-studies/Renewable-integration-impact-assessment/#nt=%2Friiatype%3AReport&t=10&p=0&s=Updated&sd=desc
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Figure 3: Wind and Solar Energy Generation Throughout Study

MISO Futures Report- 2021 9



Changing Energy Across MISO

Cities, states, large commercial and industrial corporations, and

utili ties are exploring and setting decarbonization goals that often
include reaching 100% renewable energy supplyr net zero carbon
by 2050. Although not all states and utilities share these clean eergy
goals, a fleet transition of this magnitude will havemplications on

5 states
considering
100% clean

what resources will be needed across the MISO footprint to ensure
reliability of the grid. The role of MISQOis to remain resource-agnostic
and to ensure a reliable and economic BullElectric System in an ever
changing energy, regulations, ad economics environment.

energy goals

Throughout the analysis of eachFuture scenario, MISO incorporated , AT
specific state and utility goal relative to carbon andrenewable h |
energy percentages into the models. Cebon was broken out into two aveclean
segments per Future: a footprirt-wide reduction applied to all ) energy goals
resources and sitespecific reductions applicableto carbon-emitting greater than
resources within states and utilities with anno unced carbon goals. 80%

Renewable goals were modeld differently than those of carbon
emissions.This was doneby converting utility/state goals into relative
percentages of MISO and taking the summation of these values to
create footprint trajectories . As cests for wind and solarhave
decreased, the modelsurpassed these goals in Futures 1 and 2.
Resources were asigned to their respective areas in the siting
process.

[T miso Footprint

Internal analysisindicates the MISO footprint has decarbonizedby
29% since 2005.Early thermal retirements, public announcements,
andevolvinglRPssupport MI SOHs preparat. q /& s e
Future scenarios, ena.bllng cor.1t|nual adapFatlor? to.t.he changig B UTILITIES WITH 50%+ TARGETS
energy landscape while ensuring better grid reliability.

% STATES CONSIDERING 100% CLEAN ENERGY GOALS

Figure 4: Clean Energy Goals above 50% Across Footpnt 3

MISO Futures Report- 2021 10
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State and Utility Clean Energy Goals

Today, state and utility policies and goals are changing rapidlgnd continued to do so during the Futures
process regarding carbon reductions, renewable energy targets, andinit retirement assumptions.To best
account for these changes MISO continuously updated these announced goalsuntil the final Future
scenariomodels werecomplete in October 2020. Since then several members have updatedor announced
their plans, noted with asterisksin Table 1.

When collecting goal announcements, MISO stdfexamined compan elRA3, sate publications, andresults
from the MISO/OMS State Data Survey. (OMS refers to the Organization of MISO Stateg. Once this
information was compiled, MISOcompared unit addition announcementswith signedgeneration
interconnection agreements(GIA)in its queue to ensure that these units would not be double counted.
MISO then added IRP units into the base model to account for the announced goals of statesdutilities.
These unitshad a variety of fueltypes and contained announced additionghroughout the study period
(2020-2039).

From Figure 4, it is apparent that muchof the footprint has a clean energy goal greater than 50% (either
from a carbon reduction or renewable energy target)® Some galsdisplayed in the table belowwere not
included in the Futures analysisbecause thdr announcement cameatfter the modelswere complete in
October of 2020.45 Table 1 displays state and utility goalswithin the model, overlapping by service arealn
this analysis, MSO considered current trends but alsohad the opportunity to look beyond and plan fora
range of Future scenarios to bookend plausiblepossibilities over the next 20 years.

3 Utility goals are represented with greenshading while state goals of 100% are given white stripes
4 Any goal denoted with an asterisk (*) was updated or announced followp the modeling of the Futures.

5 Entities who announced or updated their goalsafter Future scenariomodeling was completeare listed here in their respective
categories. Carbon reduction goalsnot modeled: Madison GasyVectren, Vistra, IPL, and OTFRenewable energy targets not modeled:
Alliant, CLECO, Vistra, IPL, an&ntergy. Entities whose carbon reduction waanodeled but a modification to the goal was made
Michigan (28% by 2025), Ameren (80% by 2050), and Minnesota Power (50% by 2021)



State Clean Energy Goals& RPS

Utility Carbon Reduction

- Utility Renewable
(source linked) State Utlllty Goals (2005Baseline)’ Energy Goals
RPS: 15%RE by 2021 (I0Us) Missouri
Ameren Net Zero by 2050* 100% by 2050
100% Clean Energy by 2050 (Governor) llinois
RPS 25% by 20252026

MidAmerican Energy - 100% by 2021

RPS: 105 MW (completed 2007) lowa Alliant Energy Carbon Free by 2050 30% by 2030*

Dairyland Power - 29% by 2029

Carbon Free by 2050 (Governor) Wi .
RPS: 10% by 2020 Isconsin WEC Energy Group Carbon Neutral by 2050 -
Madison Gas & Hectric Net Zero by 2050* 30% by 2030
Carbon Neutral by 2050* Consumers Energy Net Zero by 2040 56% by 2040
RPS: 15% by 2021 (standard), 35% by  Michigan o

2025 (goal, including EE & DR} DTE Energy Net Zero by 2050 25% by 2030

Upper Peninsula Power - 50% by 2025

Duke Energy Net Zero by 2050 16,000 MW by

2025
Voluntary clean energy PS, i Hoosier Ener 80% by 2040 10% by 2025
10% RE by 2025 Indiana 9y y y

Vectren 75% by 2035* 62% by 2025

NIPSCO 90% by 2028 65% by 2028

Xcel Energy Carbon Free by 2050 100% by 2050

Carbon Free by2050 (Governor)

RPS:26.5% by 2®5 (I0Us), | Minnesota SMMPA 90% by 2030 75% by 2030

25% by 2025 (other utilities) Minnesota Power 100% Clean Energy by 2050* 50% by 2021

Great River Energy 95% by 2023 50% by 2030

Net Zero GHG by 2050 (Governor) Louisiana Entergy Net Zero by 2050

(2000 baseline)

12% by 2030*

Table 1: State & Utility Goals g Service AreaOverlay

System-Wide Carbon Modeling

In addition to state and utility renewable goals, each kiture scenariohad acarbon emission reduction(CER
applied acrossthe entire footprint. Carbon reduction trajectories were madefrom a total MISO 2005 CO:2
baseline, with linear reductions of 40%, 60%, and 8@ (for Futures 1, 2, and Fespectively) applied through
the end of the study period.These trajectories were modeled within EGEAS Electric Generation Expansion
Analysis Systen). As well asthe footpri nt-wide total CER for each Future, MISO also enteredhore specific
trajectories for states and utilities as applicable.

6 DR: demandresponse;EE: energy efficiency; GHG: greehouse gas; I0U: investo-owned utility; PS: portfolio standard; RE:
renewable energy; RPS: renewable portfolio standard

! Any goal denoted with an asterisk (*) was updated or announced following the modeling ohe Futures.



https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx
https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx
https://www.ameren.com/missouri/company/environment-and-sustainability/integrated-resource-plan
https://ameren.mediaroom.com/2020-09-28-Ameren-establishes-net-zero-carbon-emissions-goal-and-a-transformative-expansion-of-wind-and-solar-energy
https://www2.illinois.gov/IISNews/21974-Putting_Consumers_Climate_First-Governor_Pritzkers_Eight_Principles_for_a_Clean_Renewable_Illinois_Economy.pdf
https://www2.illinois.gov/IISNews/21974-Putting_Consumers_Climate_First-Governor_Pritzkers_Eight_Principles_for_a_Clean_Renewable_Illinois_Economy.pdf
https://www.midamericanenergy.com/100-percent-vision
https://www.alliantenergy.com/OurEnergyVision/AdvancingCleanEnergy/GreenBonds
https://alliantenergy.gcs-web.com/static-files/9604d8c8-2812-4544-b123-617ad4bced89
https://www.dairylandpower.com/content/energy-resources
https://content.govdelivery.com/accounts/WIGOV/bulletins/259055e
https://content.govdelivery.com/accounts/WIGOV/bulletins/259055e
https://urbanmilwaukee.com/2020/08/01/wec-pledges-to-be-carbon-neutral-by-2050/
https://www.mge.com/about-mge/electricity/electricity-sources
https://www.mge.com/about-mge/electricity/electricity-sources
https://www.michigan.gov/whitmer/0,9309,7-387-90499_90640-540289--,00.html
https://www.michigan.gov/whitmer/0,9309,7-387-90499_90640-540289--,00.html
https://www.michigan.gov/whitmer/0,9309,7-387-90499_90640-540289--,00.html
https://www.consumersenergy.com/news-releases/news-release-details/2020/02/24/16/03/consumers-energy-commits-to-net-zero-carbon-emissions-takes-stand-for-the-planet
https://www.consumersenergy.com/-/media/CE/Documents/sustainability/integrated-resource-plan-summary.ashx?la=en&hash=9F602E19FE385367FA25C66B6779532142CBD374#:~:text=More%20Renewable%20Energy&text=The%20plan%20forecasts%20renewable%20energy,%E2%80%A2%2042%20percent%20by%202030.&text=56%20percent%20by%202040.,from%202005%20levels%20by%202040.
https://dtecleanenergy.com/pathway-to-net-zero/
https://empoweringmichigan.com/wp-content/uploads/2019/03/IRP_Summary.pdf
https://www.uppco.com/wp-content/uploads/2020/03/UPPCO-Press-Release-Settlement-Reached-in-IRP-1.pdf
https://www.eia.gov/state/analysis.php?sid=IN
https://www.eia.gov/state/analysis.php?sid=IN
https://news.duke-energy.com/releases/duke-energy-aims-to-achieve-net-zero-carbon-emissions-by-2050
https://news.duke-energy.com/releases/new-duke-energy-reports-show-progress-toward-ambitious-climate-and-sustainability-goals
https://news.duke-energy.com/releases/new-duke-energy-reports-show-progress-toward-ambitious-climate-and-sustainability-goals
https://www.hoosierenergy.com/press-releases/hoosier-energy-announces-new-20-year-resource-plan/
https://www.hoosierenergy.com/about/energy-strategy/
https://www.vectren.com/assets/downloads/planning/irp/2019-2020%20Vectren%20IRP%20Non-Technical%20Summary.pdf
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/vectren-reveals-plan-to-exit-730-mw-of-coal-add-1-000-mw-of-renewables-59071234
https://www.nipsco.com/campaigns/future/environment
https://www.nipsco.com/campaigns/future/environment
https://mn.gov/governor/news/?id=1055-412110
https://mn.gov/governor/news/?id=1055-412110
https://mn.gov/governor/news/?id=1055-412110
https://www.xcelenergy.com/carbon_free_2050
https://www.xcelenergy.com/company/media_room/news_releases/xcel_energy_aims_for_zero-carbon_electricity_by_2050
https://smmpa.com/news/2020/2/5/smmpa-plans-to-be-80-carbon-free-in-2030#:~:text=Southern%20Minnesota%20Municipal%20Power%20Agency%20(SMMPA)%20today%20announced%20its%20plan,with%20wind%20and%20solar%20generation.
https://smmpa.com/reducing-our-carbon-footprint
https://www.mnpower.com/CarbonFreeEnergyVision
https://www.mnpower.com/energyforward#:~:text=Minnesota%20has%20set%20a%20goal,2025%20compared%20to%202005%20levels.
https://greatriverenergy.com/the-cooperative-difference/legislative-activity/carbon-dioxide-reduction-measures/
https://greatriverenergy.com/great-river-energy-sets-50-renewable-energy-goal-for-2030/
https://gov.louisiana.gov/page/climate-initiatives-task-force
https://entergycorporation.gcs-web.com/static-files/944e8670-db50-4580-a65d-502f10560844
https://entergycorporation.gcs-web.com/static-files/944e8670-db50-4580-a65d-502f10560844
https://www.entergy.com/userfiles/content/environment/docs/EntergyClimateScenarioAnalysis.pdf

All utility and state carbon trajectories used a 2005 CQ emissions baseline except for Entergywhich used a
2000 baselinein accordance with utility -specific goals. EachCERtrajectory w asgiven an approximate 2020
CO:z starting value and then decreased toatarget reduction percentage of the baseline. Consistent with
Futures assumptions,CER trajectories reflected 100% of IRPs and85% of other announced goals for Future
1, whiletrajector ies for Futures 2 and 3reflected 100% ofboth.

From analysis of thecurrent fleet in 2005, MISO emitted 543 million (M) tons of CO.. Figure 5 below

illustrate s CERfor each Future scenario, displaying the tons of carbon emitted (bars) and the percentage of
carbon reduction from the 2005 baseline (lines) The dotted line projects the historical trend of carbon
emissions that MISOis assumed to havdor comparison. From the trend of MISQ, it is evident that the

carbon emissions of the system Wi continue to decreaseand will be accelerated as membesH g watihue ¢
to change. Futures 2 and3 emit more carbon than Future 1 in 2020 due to the increased load assumptions
met by the existingfleet. The Future scerarios in this document allow for insights on how quickly carbon
reduction across the footprint may ocaur. By the end of the study perbd, emissiors reduced by63%in

Future 1,64%in Future 2,and 81%in Future 3.
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Figure 5: COz Reduction Results (from 2005 Baseline)



Base Retirement Assumpions

Nuclear and Hydroelectric ¢ Retirement of nuclear and hydroelectric units will occur when a unit
has apublicly announced retirement plan or is listed to retire in an IRP. Otherwise, these units will
remain active throughout the study across all Futues.

Age-Based Retirement Assumptons

Age-based assumptions will be applied to alllie units that fall into any of the categories listedbelow.
However, in cases where these assuptions causeolder units in the MISO system to retire before the start
of the study period (2020), units will be retired by 2025.

Coal g Retirement ages of coal units progressively decreasewith each Future. It is assumed that with
changing policies and emission stadards, coal usage will declindéurther . Thecoal retirement ages
modeled in the three Futures respectively are: 46, 36, and 30 yearsThe Future 1 retirement age of 46
yearsis based m the average age of coal units notedby the EnergyIinformation Administration (EIA).

A Coal retirements in each Future are approximately a 50/50 split between base and agbased
retirement assumptions. The amount of coal rdired results in similar capacitydue to the
average coalunit within the MISO fleet being 46 years ofage.

Gas( Retirements for gas units were split into two categories, Combined Cycle (CC) and OthetGas
(e.g., Combustion Turbine [CT], IC [Internal Combustion] Renewable,and Integrated Gasification
Combined Cycle [IGCC]). Both unit types were given retirement ages that decreased acrosshe Futures
scenarios retirement ages for CC gas unitsare: 50,45, and & yearsand retirements for Other-Gas
units are: 46,36, and 30 yearsrespectively.

Oil ¢ Retirement ages of oil unitsdecrease across each Future scenasiand are 45, 40, and 35 yars
respectively.

Wind and Solarg Retirementsfor utility -scale windand solar will occur once a unit reaches 25 years

of age. However, wind units will be repowered within the same year ofretirement. Thesewill be
replaced by a new 100m hub height windturbine with the same capacity as the previous unit but will
receive new wind profiles,dependent on location. New profiles hawe updated capacity factors that ae
higher than existing wind turbines.

Futurel Future2 Future3
Coal 46 36 30
Natural Gag CC 50 45 35
Natural Gagy Other 46 36 30
Oil 45 40 35
Retire if Publicly Retire if Publicly Retire if Publicly

Nuclear& Hydro Announced Announced Announced
Solarg Utility -Scale 25 25 25
Wind ¢ Utility -Scale 25 25 25

Table 2: Age-Based Retirement Assumptions


https://www.eia.gov/todayinenergy/detail.php?id=40212
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Figure 6 through Figure 8 display the results of differing retire ment assumptionsacross eachof the three
Future scenarios. Retirement totals were calculated by applying agebased assumptionsannounced
retirements , andmaking adjustments to generation units perstakeholder feedback provided to MISO. Age
based assumptons are the product of Future -specific retirement assumptions, while base reirements are
announcedbyhe generator owner, stated in ad | RP, or

Total Retirements
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Figure 6: Total Retirements per Future (Cumulative by Year), Equal to AgeBased + Base
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Figure 7: Age-Based Retirements per Future (Cumulative per Year)

Announced Retirements
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Figure 8: Base Retirements per Future (Cumulative per Year)
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