\‘"} Renewable Integration

;—-—é Impact Assessment
0:’ Finding integration inflection points of increasing renewable energy

NCEP Webinar
Sept. 13, 2018



Renewable energy is growing; will it significantly impact the

grid?
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Renewable Integration Complexity

Renewable Integration Impact Assessment (RIIA) seeks to
find inflection points of renewable integration complexity

\

Focus Areas:

RENEWABLE GEOGRAPHIC INCREASE TIMING AND

AWARENESS OF

PENETRATION
LIMITATIONS

URGENCY
DIVERSITY ISSUES &

Inflection points are milestones
where complexity significantly
increases. >

RIIA begins by
modeling the current 9, @

system.

lllustrative example

40 50 60 70 80 90 100
Renewable Energy Penetration (steps of 10%)

3 RIIA - 9/13/2018 é-“:"? MISO



RIIA Wind, UPV, and DPV Modeled Expansion
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https://cdn.misoenergy.org/20170927 PAC Item 03i Renewable Integration Impact Assessment Assumptions Document89950.pdf

As renewable penetration increases, the risk of losing load shifts and
compresses to a smaller number of hours
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Changes to net load shapes are seasonal, however the risk of losing

load still occurs during the summer at higher penetration levels

Wind

Solar

Seasonal Variation of Wind Generation (MISO only)

Seasonal Variation of Solar Generation (MISO only)

80 -

80 4 e—E_\Ninter
E_Winter 10%_Winter
10%_Winter 70 - 20% Winter

70 1 20%_Winter 30%_W!nter
30%_Winter gg"iz,wn:er

= i < %_Winter
= 60 - gg:j::m:::: % 60 1 60%_Winter
9, 60%_Winter = ;g“//z_x::r
%_ Wil %_Winter

.E 50 ;g;.:m;i: .S 50 1 90%_Winter
© 90%_Winter s :IéOOS%_Wlnter
o & i S ._Summer
g 40 ]éciosﬁor;ﬁ:::er GC) 40 - 10%_Summer
8 10%_Summer 8 20%_Summer
20%_Summer o 30%_Summer
87 30 30%_Summer o 30 1 40%_Summer
© 40% _Summer < 50%_Summer
o 50%_Summer [ 60%_Summer
i 20 ~ 60%_Summer E 20 70%_Summer
70%_Summer zgl’;uizummer
% %_Summer

10 oo S - /i \}
100%_Summer //\\

N M T ON~NDOOO O dNMSTIO ONO®OOO AN S
A d 49 4 ddddd NN
Hour (EST) Hour (EST)
*Profile shapes represent seasonal hourly averages across the 6 study years.
*Summer includes May, June, July, and August; Winter includes January, February, November, and December

RIIA - 9/13/2018

]

2
8




Diversity of technologies improves the ability of renewable resources
to mitigate the risk of losing load

60% - 60%
! === Improvement in Wind due to Solar 1 Improvement in Solar due to Wind
05 -
55% —fi— Wind w/ Solar A Solar w/ Wind
50% - =ik = Wind only {4~ Solar only - 50%
45% e A\l Renewables
0
X
40% - - 40% =
c
< [
;\5\ 35% - U g
Q 30% - a - 30% 3
o
I 25% @ N E
O
20% - 20% O
w
15%
- a»
10% - u - L ¥ -5 - 10%
5% -
0% , - NE NEE VAN NEE NEN NN SR
Base 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Renewable Generation Availability (% of Load Energy)

7 RIIA - 9/13/2018 '-E'? MISO




Geographic diversity improves the ability of renewable resources

to mitigate the risk of losing load

Wind

PV

10% Sites

50% Incremental Sites

mOom ¢ 0

100% Incremental Sites

50% sites scaled :
o 100% level* 13.4%

*Generation at sites selected for 10% and 50% penetration levels was scaled
to match the generation needed for the 100% penetration level.
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Conventional generation is dispatched down as
renewable penetration increases
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The direction of ramping needs from conventional
resources reverses as renewable penetration increases

Daily gas and coal generation for the peak renewable day

Gas generation in MISO (GW)
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Due to input assumptions, coal and gas have similar costs in the RIIA
model. This causes their similar behavior.
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Traditional points of transmission stress are changing as
renewable penetration grows
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RIIA Overview using NREL's Kaleidoscope (Peak Load Day)
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System fix complexity is
concentrated in areas of
high renewable
deployment, but is
moderate at the 20%
penetration level

Quantifies the magnitude of
integration complexity in
terms of approximate costs
from all transmission fixes
needed for steady state
thermal and voltage issues
up to the 20% renewable
milestone.

Complexity

I High

Low

20% case
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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 to later in the day

As aresult of the shift in risk of losing load, the available energy from wind and solar
during high risk hours decreases

Diversity of technologies and geography improves the ability of renewables to meet load

The direction of ramping needs from conventional resources reverses as renewable
penetration increases

Under RIIA assumptions for renewable penetration levels up to 20%, the integration
complexity is mild
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Thanks!

Questions?
Jordan Bakke jbakke@misoenergy.org

All RIIA-related documents can be found on MISO’s web page.
https://www.misoenergy.org/planning/transmission-studies-and-reports/
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Phase 2 will continue looking at higher penetration levels and is
expected to be completed by the end of the year

Sensitivities
studied as part of
Phases 2 and 3 will
be partly driven by
stakeholder
feedback.

* Renewable Penetration
> Milestones

Q1-18 Q2-18 Q3-18 Q4-18
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