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Introduction & Resources

Motivation & Objective

• Sun & wind: unlimited, free power?

• Reasoning under extreme uncertainty

Analysis Workflow

• Machine-learning a Bayesian network from weather data

• Building a Bayesian network model from domain knowledge

• Simulating and evaluating scenarios

Agenda
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Introduction
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Webinar Materials Available in the BayesiaLab Community

• Slides

• Network Model

• Webinar Recording

• Q&A

Resources

BayesiaLab.com
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Resources

BayesiaLab.com

Question?
“Start a new topic”
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Reference Part 1
Please see Part 1-4 of 

this webinar series
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Viva, Las Vegas!
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Solar Power
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Rooftop Solar

BayesiaLab.com 11
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2019
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Reasoning About Renewable Energy

• Uncertainties regarding future…

• Energy efficiency

• Reliability

• Government interventions

• Emissions control

• Manufacturing costs

• Energy prices

• Energy demand

• Consumer behavior

Objective
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Typical Questions

• Is it technically feasible to rely on renewables by 2050?

• 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?

Objective
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Model Requirements

• High level of abstraction, but scalable to include higher level of detail

• High-dimensional

• Probabilistic, to encode uncertainty

• Representing the system, not our reasoning about it

• Causal, to simulate decision/interventions

• Non-static

• Non-linear

• Compatible with expert knowledge and data

• Quick to simulate

Modeling the Problem Domain
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Lifted
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Reasoning Framework: Bayesian Networks

BayesiaLab.com
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• 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.

Notes & Caveats
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Conceptual Model

>0?
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Electricity



21forum.bayesia.us/category/energyBayesiaLab.com

>0? The flaw
of averages
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Battery Storage
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Domain 
Knowledge

Data

BayesiaLab.com

Is this possible? >0?
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Reasoning Framework: Bayesian Networks

BayesiaLab.com
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El Paso, Texas
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Sun, Wind, and Electricity Demand Data (August 2016 – May 2020)

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

El Paso, Texas

Hourly Data
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Joint Probability 

Distribution



29forum.bayesia.us/category/energyBayesiaLab.com



30forum.bayesia.us/category/energyBayesiaLab.com



31forum.bayesia.us/category/energyBayesiaLab.com



32forum.bayesia.us/category/energyBayesiaLab.com

t
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Reasoning Framework: Bayesian Networks

BayesiaLab.com
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Domain Knowledge

Theoretical 
Knowledge

31
2wP Avρ=



36forum.bayesia.us/category/energyBayesiaLab.com

Units

• Speed: m/s

• Power: MW

• Energy: MWh

• Power Density: W/m2

• Energy Density: MWh/t

• Temperature: ° Celsius

Domain Knowledge

All Metric Units!
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Available Wind Energy

Domain Knowledge

31
2wP Avρ=
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Wind Turbine Efficiency

Domain Knowledge

Empirically 
determined
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Wind Energy

Domain Knowledge
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Wind Energy

Domain Knowledge
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Future Wind Turbine Efficiency?

Domain Knowledge

Betz Limit: 59.3%



42forum.bayesia.us/category/energyBayesiaLab.com

Solar Energy

Background

Efficiency range 
of commercial 
solar panels

Efficiency range 
of commercial 
solar panels
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Solar Energy

Background
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Modeling Assumptions

• Surface area of solar panels and swept area of wind turbines are infinitely 
scalable.

• Solar panel efficiency is constant.

• Wind turbine efficiency is wind speed-dependent.

• Gas turbine efficiency is load dependent.

Domain Knowledge
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Machine-Learned Knowledge
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Machine-Learned Knowledge

BayesiaLab.com

Modifiable
Assumptions

Assumptions can 
be single-point 
estimates or 
distributions

Calculated nodes
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Reasoning Framework: Bayesian Networks

BayesiaLab.com
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Average ≈ 0

Negative balance in 61.2% 
of all time periods.
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Reasoning Framework: Bayesian Networks

BayesiaLab.com
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Battery Storage
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Caveat
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Conventional 
Power Plant



56forum.bayesia.us/category/energyBayesiaLab.com



57forum.bayesia.us/category/energyBayesiaLab.com



58forum.bayesia.us/category/energyBayesiaLab.com

Priority: draw from 
battery

Backup: use 
conventional power

Assumption about 
capacity

Assumption about 
capacity
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Modifiable
Assumptions
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VR

In Conclusion…
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Try BayesiaLab Today!

• Download Demo Version:
www.bayesialab.com/trial-download 

• Apply for Unrestricted Evaluation Version:
www.bayesialab.com/evaluation  

BayesiaLab Trial



66forum.bayesia.us/category/energyBayesiaLab.com

Reasoning Under Uncertainty

• March 20 Part 1 — Differential Diagnosis of Diseases

• March 26 Part 2 — Pandemic Triage with Bayesian Networks

• April 9 Part 3 — Epidemic Modeling with Temporal Bayesian Networks

• April 30 Part 4 — Representing Spatial and Temporal Dynamics

• May 14 Part 5 — Reasoning About Renewable Energy

• May 28 t.b.d.

Webinar Series

Program Subject to Change — Check for Updates
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Introductory Course & Advanced Course Available

60-Day License to BayesiaLab Education Edition

20+ Hours of Screen/Lecture Recordings

300-Page Training Manual

bayesia.com/2020-intro-course-self-study

bayesia.com/2020-advanced-course-self-study

BayesiaLab Self-Study Course
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Thank you!
stefan.conrady@bayesia.us
jouffe@bayesia.com

linkedin.com/in/stefanconrady
linkedin.com/in/lioneljouffe facebook.com/bayesia

BayesianNetwork


