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Who Are We: Vibrant Clean Energy (VCE®)
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Purpose of Vibrant Clean Energy, LLC:

Reduce the cost of electricity and help evolve economies
to near zero emissions;

Co-optimize  transmission, generation, storage, and
distributed resources;

Increase the understanding of how Variable Generation
impacts and alters the electricity grid and model it more
accurately;

Agnostically  determine the least-cost portfolio  of
generation that will remove emissions from the economy;

Determine the optimal mix of VG and other resources for
efficient energy sectors;

Help direct the transition of heating and transportation to
electrification;

License WIS:dom® optimization model and/or perform
studies using the model;

Ensure profits for energy companies with a modernized
grid;

Assist clients unlock and understand the potential of high
VRE scenarios, as well as zero emission pathways.
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The WIS:dom® model co-optimizes generation, transmission,
storage and DERS across the entire CONUS at 3-km for each
chronological 5-minutes for multiple years
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The WIS:dom® model co-optimizes across sectors that are
dependent upon each other when considering economy
wide decarbonization
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WIS:dom® Contains Detailed Wind Datasets

Wind Siting Constraints For WIS:dom |
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The interconnection between sectors will create
possible emergent behavior
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Electrification Changes Electricity Needs

WIS:dom® Annual Electric Demands

QVCE Most of growth post 2030 is new
electrified loads of other sectors
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Electrification Changes Electricity Needs Everywhere

US National Hourly Electricity Demand (2018 & 2050)
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Results for deep decarbonization futures
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100% Renewable Energy Capacity for Contiguous US

WIS:dom Normalized Capacity - 100% Renewables By 2050
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100% Clean Energy Capacity for Contiguous US

WIS:dom Normalized Capacity - 100% Carbon-Free By 2050
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v’ Under the 100% CF scenario, installed
capacity increases between 2-3x by 2050.
Steady growth occurs from 2030.

Wind again plateaus in the 2040s, but
storage and solar do not grow as rapidly,
instead advanced technologies take a small
percentage of capacity.
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100% Renewable Energy Generation for Contiguous US

WIS:dom Normalized Generation - 100% Renewables By 2050
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1 v Over twice the amount of electricity is
needed by 2050. Under 100% RPS this is
met with 45% wind, 53% solar, and 3%

hydro. A lot of energy is exchanged with
storage.
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100% Clean Energy Generation for Contiguous US

WIS:dom Normalized Generation - 100% Carbon-Free By 2050
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v Over twice the amount of electricity is needed
by 2050. Under 100% CF this is met with 34%

wind, 32% solar, 3% hydro, 8% nuclear, and

22% advanced technologies. Storage is still
important in this scenario.
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100% Renewable Energy Dispatch for Contiguous US

Example US Winter Economic Dispatch (2050)

Dispatch Schedule (GWh/h)
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Example US Summer Economic Dispatch (2050)

Curtail

YVCE

—Altered Load

N
Q
=]
o

Dispatch Schedule (GWh/h)
.Q )
o

mmCoal mmHydro mmmNuclear

wn
ercentage of the Year (%)

Geo/Bio mmWind mmOffshore NGCT Storage mmNGCC mmNGw/ CCS mmUtility PV mmRooftop PV

—Altered Load

v Annual curtailment by 2050 is 15% of generation - this is the most economic it could be

(the model includes storage, HVDC, H2 production, reserves from curtailment, etc.)
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100% Clean Energy Dispatch for Contiguous US

Example US Winter Economic Dispatch (2050)
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Example US Summer Economic Dispatch (2050)
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v Annual curtailment by 2050 is 4% of generation - Much less wasted energy. \J>
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GHG Emissions for Contiguous US

Cumulative GHG Emissions (normalized to 2°C warming)
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US pro-rata cumulative GHG emissions by
2050 that results in 2°C planetary warming
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0% Carbon Free  m 100% Renewables  m Cleaner Grid Only

v' Both 100% RPS and 100% CF reach 80% GHG emission reductions from 1990 levels
by 2050 across the whole economy. The electricity system is zero emissions. 5VC E
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Cumulative Electricity Costs for Contiguous US

Cumulative Spending on Electricity Normalized to US GDP in 2017

_:\QVCE 22% of 2017 US GDP[

L 25% of 2017 US GDPI

ity (%

T US Gross Domestic Product in 2017 ($19.4 trillion).
[ All calculationsin real (2017) dollars.
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v’ By 2050, the average cost of electricity in the 100% RPS Scenario is $155 / MWh
v By 2050, the average cost of electricity in the 100% CF Scenario is $95 / MWh 5VC E
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Thank You
Questions?

Dr Christopher T M Clack
CEO Vibrant Clean Energy, LLC

Twitter: @VibrantCE & @DrChrisClack
Telephone: +1-720-668-6873
E-mail: christopher@vibrantcleanenergy.com
Website: VibrantCleanEnergy.com
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