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Disclaimer:

This presentation has been prepared in good faith on the basis of information available at the date of publication. The analysis was produced by Vibrant
Clean Energy, LLC. No guarantee or warranty of the analysis is applicable. Vibrant Clean Energy, LLC will not be held liable for any loss, damage, or cost

incurred by using or relying on the information in this presentation.
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Vibrant Clean Energy

Purpose of Vibrant Clean Energy, LLC:

* Reduce the cost of electricity & help evolve economies to near zero

emissions;

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

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

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

Model the electrification of industry, heating & transportation;

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

Assist clients unlock and understand the potential of high VRE
scenarios, as well as zero emission pathways.
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Technologies Do Work Together (Clean Energy)

With limited generation technologies, the system will need more flexibility from other assets

Example US Winter Economic Dispatch (2050)
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Technologies Do Work Together (Clean Energy)

Even with all generation technology types, the system still relies on them all to provide flexibility

Example US Winter Economic Dispatch (2050)
2,500

2,000 +

1,500 +

AHAE L

1,000

Dispatch Schedule (GWh/h)

500
: .’AA'/—\,/—*—\ o o .

_,-\A__\w\/\

SVCE

0
£ £ 2 2 ES 2 2 2 ES 2 2 2 2 S 2 ES ES R 2 S £ 2 2 ES ES 2 2 ES 2 2
- o hred m - [} o m o 0 wn m o ~ v o~ [*)) ~ < o~ o jl g - (=) O m — 0 O
o N v © < M ¥ o & ¥ K~ S ®mM W»w ® = M VW 9 N ¥ K S ®m v ® = £ © &
o o o o - L o - o~ o~ o~ (3] m o™ o™ < < < < w w wn o o < o ~ ~ ~ ~
Percentage of the Year (%)
mm Coal mm Hydro mm Nuclear SMR Nuclear mmMSR Nuclear  Geo/Bio = Wind mm Offshore NGCT
Storage mmNGCC mmNGw/CCS mmUtility PV  mmRooftop PV Curtail Load —Altered Load

info@vibrantcleanenergy.com

SVCE

" VIBRANT CLEAN ENERGY



Local VREs Can Work Together to Provide Energy & Capacity

Combining wind, solar and storage (and possible synthetic fuels) allows for cheap, clean
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There are Only Two Key Portfolio Components

Low-marginal Cost Electricity Production Resources (kWh)
« Wind
« Solar
« Geothermal
«  Nuclear
* Hydroelectric

Flexibility Resources (kWh = kW - kWh)

« Transmission

» Hybrid Resources (wind+solar+storage)
« Storage (electricity+heat)
 Electrification
» Direct Air Capture
« Demand-side management
» Dispatchable Generation (SMR, EGS, H, CC, NGCC+CCS)

« Synthetic Fuel/Chemical Production (H, CH,4 NH3)

* Peaking Generation (H, CT) 9 VCE
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