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Renewable Integration Impact Assessment (RIIA) seeks to find inflection

points of renewable integration complexity
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Inflection points are milestones
where complexity significantly
increases.

RIIA begins by
modeling the current

Renewable Integration Complexity
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Focus Areas

RESOURCEADEQUACY

Having the sufficient
capacity of resources to
reliably serve peak
demand

ENERGYADEQUACY

Ability to provide energy
in all operating hours
throughout the year

OPERATINGRELIABILITY

Ability to withstand
unanticipated
component losses or
disturbances
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Emerging Themes from RIIA

A Upto 30% renewable penetration , challenges appear manageable witlincremental
transmission expansion

A However, the transmission needs are concentrated in a few local areas

A By 40%, significant challenges begin

A 40% MISO-wide equates to70 - >100% local penetration in wind-rich areas
A Significant curtailment in absence of transmission solutions

A Increased flexibility requirements (ramping from conventional generation)
A Increased system stabilityconcerns

A Challenges can be addressed; however, least cost solutions require careful study
and regional coordination across the MISO footprint

A Thevalueof MISOwi de di versity and keytwterconnect
understanding the best outcomes




Renewable Integration Complexity
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SO's Renewabl
complexity increasing sharply beyond 30% renewable penetration
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Base
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10% 20%

30% 40%

Renewable Energy Penetration Levels

Risk of losing load compresses into a small number of
hours and shifts into the evening

Existing infrastructure becomes inadequate for fully
accessing the diverse resources across the MISO
footprint

Regional energy transfer increases in
magnitude and becomes more variable leading
to a need for increased extra- high-voltage line
thermal capabilities

Power delivery from“ we-g K i d “ may needa s
transmission technologies equipped with dynamic
support capabilities

Frequency response is stable up t®0%
instantaneous renewable penetration, but may
require additional planned headroom beyond

Grid-technology-needs evolve as renewable
penetration increases, leading to an increased need
for integrated planning

Diversity of technologies and geography improves
the ability of renewables to serve load
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RIIA assumes tharenewable deployment will balanced between areas of high
production potential, transmission capacity, and proximity to load

Wind
Utility Scale PV
Distributed PV
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From Base to 50% Milestone, the majority of the thermal fleeremain on the
system to maintain adequacy: ~17GW retired; ~100GW of renewable
capacity added

MISO Regional Generation Capacity by RIIA Milestones: thermal units MISQO Regional Generation Capacity by RIIA Milestones: renewable units
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Increasing variability due to renewable generation will require generators

to perform differently than today
More hourly variability
from renewabl es ..
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Although generating less energyover the course of the year, online conventional
generators have higher ramping to meet the variability due to renewable generation

MISO System Coal/Gas Annual Ramp versus Generation
with Solutions
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* Ramping includes both Ramp-up and Annual Generation (TWh)
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By the 40% system wide milestone, the energy penetration targets could not be
reached without the deployment of solutions

MISO Total Energy Production and Curtailment: by RIIA Milestone Penetration target
only achieved after
700 solutions deployed
600 N = EE -
A“start” mo d e
500 represent the system
< with no solutions
% 400+ beyond those deployed
< in the previous
2 milestone
= 300 )
“Final’': mod
solutions/mitigations
200 added for the particular
milestone.
100
0
Scenario Base 10%Final  20%Final  30%Start  30%Final  40%Start  40%Final  50%Start  50% Final

Penetration target
PNuclear  [lcoal  [Gas [ Other [ Hydro [ Wind Solar  [windcur. [l Solar Cur. only achieved after

. solutions deployed
Penetration% 9.39% 11.07% 20.76% 28.23% 29.08% | 33.87% 39.38% 44.73%  46.99%
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Intra-MISO power flow increases in magnitude and becomes moreariable,
resulting in different use of both the transmission system and generators
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On average, during the middle of the day when solar peaks in the South,
the net South-to-North power flow increases

MISO N-S Flow
Daily Peak Hours (+ Nto S; - Sto N)

MISO N-S Flow
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* Additional figures in Supplemental Figures illustrating monthly diurnal average of NS flow in all milestones.
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As renewable penetration increases, the change in fuel mix aelect
snapshots drives changing reliability risks
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As renewable penetration increases, the change in fuel mix aelect

snapshots drives changing reliability risks
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As renewable penetration increases, the change in fuel mix aelect
snapshots drives changing reliability risks
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As renewable penetration increases, the number and severitpf reliability
issues on transmission lines increaseand are seen irdifferent
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A Many thermal overloads are electrically close to renewable expansion and retired conventional units, and
increase as renewable penetration increases

A Steady-state complexity islargely driven by mitigating thermal violations on transmission lines
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The location of transmission stress changes significantly beyond 20%

renewable penetration
EL 0% Renewable \}'LP 50% Renewables
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A Maps reflect cumulative unmitigated issues across milestones

Significant amount of low voltages show up beyond 20% milestone

16

:



Starting at 30%, systemwide voltage stability is the main driver of dynamic complexity
and requires transmission technologies equipped with dynamiesupport capabilities
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Renewable integration complexity increasessharply beyond 30, illustrating
need for expansion of longer, higher kV, higher capacity transmission
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Renewableintegration complexity increases sharply beyond 30%with a
shift from lower voltage lines to longer, higher voltage, higher capacity
transmission solutions
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Percent by kV Class

Incremental transmission lines- percentage by voltage level
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Overnight Capex ($) / Delivered

Transmissionsolutions are more cost effective than overbuilding
renewable generation to meet renewable penetration milestone
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Transmissionsolutions can work in concert with generation to provide
flexibility on the system

Hypothetical with Transmission
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Assuming historicalrenewable growth trends by location and technology,the
incremental complexity by region changes with renewable penetration

Incremental complexity by region
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The transmission solutions are particularly impactful in reducing wind
curtailment in North region, where the majority of wind capacity wasadded.

MISO Regional Energy Production and Curtailment: by RIIA Milestone
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Grid-technology-needs evolve as renewable penetration increases leading to an
increased need for integrated planningand ablend of transmission solution types

Incremental complexity by technology type
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Type of Equipment

[ Power System Stabilizer

¥ Controls Tuning

M Battery 30min
Switched Shunt

W STATCOM

B Transformer

M Dispatch Adjustment

B Synchronous Condenser

W HVDC

[ Line
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By examining increasing penetrations of renewables, several key
takeaways have been thus far found

1.

Risk of losing load compresses into a small number of hours and shifts into the
evening

Existing infrastructure becomes inadequate for fully accessing the diverse

resources across the MISO footprint

Regional energy transfer increases in magnitude and becomes more variable
leading to a need for increased extrahigh-voltage line thermal capabilities

Power delivery from* we-g K i d “ may needdransmission technologies

mm Resource Adequacy
mm= Energy Adequacy (Hourly)
mm Operating Reliability (Steady State

1 Operating Reliability (Dynamics)

equipped with dynamic support capabilities

Frequency response is stable up to 60% instantaneous renewable penetration,
but may require additional planned headroom beyond

Grid-technology-needs evolve as renewable penetration increases, leading to an

increased need for integrated planning

Diversity of technologies and geography improves the ability of renewables to
serve load
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RIIA Phase 2 wrapped up at the Nov. 145 workshop; Phase 3 will

reexamine penetration ranges from 30-50% under new assumptions

Focus Areas

RESOURCE ADEQUACY

Having the sufficient
capacity of resources to
reliably serve peak
demand

ENERGY ADEQUACY

Ability to provide energy
in all operating hours
throughout the year

OPERATING RELIABILITY

Ability to withstand
unanticipated
component losses or
disturbances

Phase 1

Phase 2

Phase 2s

Phase 3

* Renewable
r T T T T T T T > Penetration
Q1-18 Q2-18 Q3-18 Q4-19 Q2-19 Q2-20 Q3-19 Q3-20 Milestones
MISO-RIIA NERC IRPTF - 12/04/2019 ﬂ? M|SO




Questions?

4
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Home > Planning > Transmission Planning Studies and Reports > Renewable Integration Impact Assessment

James Okullojokullo@misoenergy.org

AlIRIIA-r el at ed documents can be f



mailto:jbakke@misoenergy.org
https://www.misoenergy.org/planning/transmission-studies-and-reports/#nt=%2Freport-study-analysistype%3ARIIA&t=10&p=0&s=displaytitle&sd=desc
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As renewable penetration increases, the change in fuel mix aelect % Renowable

at reference

snapshots drives changlng reliability risks poirt
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