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Agenda

Introduction & Resources

Motivation & Objective

* Sun & wind: unlimited, free power?
* Reasoning under extreme uncertainty

Analysis Workflow

* Machine-learning a Bayesian network from weather data

e Building a Bayesian network model from domain knowledge

e Simulating and evaluating scenarios
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Resources

Webinar Materials Available in the BayesiaLab Community
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U.S. Approves Giant Solar
Project in Nevada Amid pandemic, U.S. renewable power
Gemini project will have capacity to power all Las Vegas homes sources have topped Coal fOI’ 40 davs

Bloomberg

Power Shift
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Objective

Reasoning About Renewable Energy

e Uncertainties regarding future... 2 D 7 D
* Energy efficiency 2 D B o

* Reliability
e Government interventions 2 0 5 D
* Energy prices 2 0 4 D

* Consumer behavior

e Emissions control

* Manufacturing costs
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Objective

Typical Questions

Is it technically feasible to rely on renewables by 20507

How much fossil fuels will we still need if we triple the number of solar panels and
wind turbines?

Could batteries provide electricity at night and when there is no wind?

How big would this batteries have to be?

What's the risk of blackouts?

Could we rely exclusively on renewables if electricity usage were cut in half?

What would it take to shut down all fossil fuel-burning power plants?
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Modeling the Problem Domain

Model Requirements

* High level of abstraction, but scalable to include higher level of detail
e High-dimensional

* Probabilistic, to encode uncertainty

* Representing the system, not our reasoning about it

e Causal, to simulate decision/interventions

* Non-static
* Non-linear
* Compatible with expert knowledge and data

* Quick to simulate
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Reasoning Framework: Bayesian Networks

KNOWLEDGE MODELING
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Notes & Caveats

* While we are focusing on energy today, this example is prototypical for any type of
“big picture” feasibility analysis.

* The proposed approach is not meant a substitute for detailed system analysis in a
later planning process.

 Our model can be a tool for policy makers, investors, analysts, and auditors.

* In this webinar, we do not advocate any particular technology or recommend
policies.

* All estimates shown in this webinar are meant to be realistic, but the exact
numerical values are arbitrary.
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Conceptual Model

LYY

Balance

BayesialLab.com forum.bayesia.us/category/energy



_.u‘.
m.‘

_

1 v ! \ . . ' ’ :
. 2 — I
»t




Demand Renewab! Energy Conventional Energy

TAE T Aw
Ox AVERAGES

Balance

BayesiaLab.com forum.bayesia.us/category/energy






Energy Storage gaventional Energy

Balance

BayesialLab.com forum.bayesia.us/category/energy



Reasoning Framework: Bayesian Networks
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El Paso, Texas

Sun, Wind, and Electricity Demand Data (August 2016 - May 2020)
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El Paso, Texas

Sun, Wind, and Electricity Demand Data (August 2016 - May 2020)
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Joint Probabihity
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Domain Knowledge

Theoretical
Knowledge
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Domain Knowledge

Units

e Speed: m/s
Power: MW

Energy: MWh . All Metric Units!

Power Density: W/m2

Energy Density: MWh/t

* Temperature: ° Celsius J
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Domain Knowledge

Available Wind Energy
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Power (MW)
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Wind Speed (m/s)
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Domain Knowledge

Wind Turbine Efficiency
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Domain Knowledge

Wind Energy
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Domain Knowledge

Future Wind Turbine Efficiency? [ Betz Limit: 59.3% ]
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Best Research-Cell Efficiencies
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Domain Knowledge

Modeling Assumptions
e Surface area of solar panels and swept area of wind turbines are infinitely
scalable.
e Solar panel efficiency is constant.
* Wind turbine efficiency is wind speed-dependent.

* (Gas turbine efficiency is load dependent.
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Machine-Learned Knowledge

Vind Speed (m/s) Temperature Shortwave|Radiation
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In Conclusion...
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