Better Smarter Electricity Markets:
Efficiently Capturing Wind, Rain and Fire
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Early fictions, frictions,
paradigm changes and-politics

the ancient Greeks, Aristotle
Oprovedd voids | mpossiRh
aether fills all potential voids

Medi ev al Church adop
Punished for contrary views
Retarded the development of zero

1865 Maxwell

publicly believed in aether but A
his equations did not have it

1887 MichelsondMorley evidence against aether.
20t century: aether paradigm gradually disappears
IS It reappearing as dark energy/matter?




Recent fictions, frictions, ‘
paradigm changes and politics - |

Electricity
19 century competition
20bcentury: I nsull 6s fr al
End of 20 ™: where are the natural monopolies?

monopoly paradigm disappears gradually

215t century: what is the new paradigm?
Competition and cooperation balance
Locationally challenged: Wind, solar, hydro
Fast response: batteries and demand



Structural Change: Competition and
Independent System Operators

onatur al monopol yo conce
to current technologies and scale of markets

17k generators with 994 GW of capacity

159k Miles of High Voltage Transmission

Reliability rules require redundancy

Millions of interconnected end users

Some load and generation pockets

ISO market design:
Competitive market

embedded in a cooperative market design
With a franchised monopoly shadow



