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Purpose of Vibrant Clean Energy, LLC:
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Reduce the cost of variable generation
(VG);

Increase the likelihood of wvery high
penetrations of VG;

Reduce the emissions from sovereign states
around the globe;

Help direct the fransition of heating and
transportation to electrification;

Increase the resiliency of the electricity
market for uncertain futures;

Ensure profits for energy companies with a
modernized grid.
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What 100% Solar Looks Like With Grid At single Home

Residual Electricity Needs During Spring Snow Storm in CO April 28th, 2017
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Variability (%)

The variability of wind power with area
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Need to consider: generation, tfransmission, retirements, reserves,
dispatch, loads and storage
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The WIS:dom Optimization Model And Atmospheric Science
To Inform Future Energy Pathways

National Studies
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Low-carbon electricity grid incorporates diverse generation

m Offshore ®Onshore ®Solar ®Natural Gas CCGT mNuclear ®Hydroelectric
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Current Policies Can Dramatically Shift Future Generation Mixes
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As ‘cost” parity is approached
the installed capacities tend to:
wind = solar PV = natural gas

370 369

w
o
o

o
o

=
S
=
0
9
o}
O
O
T
L0
T
b
<

Solar Nuclear  Hydroelectric Natural Gas

VCE
J) info@vibrantcleanenergy.com © 2017 VCE, LLC

VIBRANT CLEAN ENERGY




Low-carbon eleciricity grid can include all states
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The WIS:dom Optimization Model And Atmospheric Science
To Inform Future Energy Pathways

Regional Studies - MISO
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WIS:dom Has Already Been Used In MISO
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WIS:dom Has Already Been Used In MISO
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Transforming ISO/RTOs With Smarter Planning

Hydroelectric Hydrc;t;lectric

Solar PV
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«  WIS:dom was used by MISO as part of their
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e U MTEP-17 process;
/ . Y « Determined grids that were constrained by
' g carbon and baseline;
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\(\ - g\\ . developments for four time horizons;
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» Results are determining the Resource Zones

hitp://www.vibrantcleanenergy.com/wp-content/uploads/2016/05/VCE MISO Study Report 04252016.pdf for MISO for The Comlng yeOrS'

https://www.misoenergy.org/Events/Pages/MTEP17Futures20160428.aspx
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http://www.vibrantcleanenergy.com/wp-content/uploads/2016/05/VCE_MISO_Study_Report_04252016.pdf
https://www.misoenergy.org/Events/Pages/MTEP17Futures20160428.aspx

Emissions Can Be Dramatically Reduced

B Natural Gas B Nuclear OHydroelectric OWind and Solar PV
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LCOE and CO, Emissions for MISO Over Study Period
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Need Transmission For Large Expansion Of Wind & Solar

m2016 m2030 ®m2036 2050
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The WIS:dom Optimization Model And Atmospheric Science
To Inform Future Energy Pathways

Regional Studies — MISO with storage
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Addition Of Storage Increases VRE, If Planned Properly

WIS:dom Estimated Electricity Generation By Source (2017)
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WIS:dom Estimated Electricity Generation By Source (2050)
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B Coal mCCGT mCT = Storage Discharge ®Nucleor mHydro ®mWind ®Solar B Coal mCCGT mCT = Storage Discharge ®Nuclear mHydro ®mWind ®Solar
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With Smarter Planning, Still Need Transmission, But Much Less

High Voltage Transmission Capacity between MISO Regions

2017 2020 m2025 m2030 2035 2040 m2045 m2050

Substantially reduces the
amount of transmission
needed, compared with
scenarios without storage
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Costs Are Reduced By Storage

LCOE for Transmission & Storage Allowed, GHG Constraints Scenario
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The Transition Takes Time And Markets Must Evolve Along Way
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WIS:dom Installed Capacities for MISO
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