
Energy Efficiency

Managing power supply and demand



Assignments

Brightspace discussion question:

“What do you think is the biggest contributor to your own energy consumption and 
are there ways you could reduce it?”

Due Friday by 5pm. 

First programming assignment:

Climate data visualization

Due Fri Feb 3 by midnight.



Climate change in the news



Climate change in the news In 2010, San Antonio’s electric utility added a 
new coal-fired generator to its J. K. Spruce 
power plant.

But the facility struggled financially to 
compete with fracked gas, solar, and wind 
energy. 

Community members were against heavy 
pollution generated by burning coal. 

This week, board members of CPS Energy 
voted to stop using coal at the power plant.

Board members elected to retrofit Spruce’s 
newer unit to run on gas, as part of an overall 
plan to diversify the utility’s energy mix.

“This victory has been a long time coming,” 
said Emma Pabst, a campaigner with the 
Sierra Club’s Lone Star Chapter. But she and 
others criticized the move toward gas as 
shortsighted. “It’s just not the bold action we 
need to see on climate.”



Recap





Where does electricity come from?

Renewable energy relies 
on sources that can be 
regenerated by existing 
natural forces.

Non-renewable energy 
relies on limited resources.

(Non)renewability does not 
determine if a source is 
GHG-emitting.   

icl group



GHGs from different energy sources

Direct emissions 
come from the 
generation of power 
itself.

Indirect emissions 
come from the 
production and 
maintenance of 
power plants.



Labels

“Green” is not a 
well-specified term.

People debate if nuclear is 
green, and natural gas 
advocates have lobbied to 
label it as green.

popular mechanics



Where does electricity come from in the US?

EPA EIA



Where does electricity come from in the US?

https://www.washingtonpost.com/graphics/national/power-plants/

Natural gas has expanded due to 
fracking.

Coal is more popular in the East.

Nuclear has a high power:space 
ratio, but is used unevenly 
across states.

Hydroelectric requires the right 
environmental factors.

Oil is only the leading source in 
Hawaii

Wind is best in the plain states.

Solar is predominant in 
Southwest and certain Eastern 
states.

2017



Where does electricity come from globally?



How does the power grid work?

https://www.wsj.com/video/how-does-the-us-power-grid-work/1671AA83-D0D2-4C
75-913C-B381341159F4.html 

https://www.wsj.com/video/how-does-the-us-power-grid-work/1671AA83-D0D2-4C75-913C-B381341159F4.html
https://www.wsj.com/video/how-does-the-us-power-grid-work/1671AA83-D0D2-4C75-913C-B381341159F4.html


Grid Balancing

Supply needs to equal demand on a second-by-second basis. Errors of 1% in the 
frequency of generated AC currents can cause problems

Demand > Supply --> Blackouts

Supply > Demand -->  Damage from excess voltage



Impacts on demand



Impacts on demand

Predictable seasonal 
and daily trends



Impacts on demand

Extreme weather 
events

Boston Globe



Impacts on demand

Increased 
electrification of 
devices. 

World Economic Forum



Major cultural events

bpa



Impacts on supply



Impacts on supply

Variability of 
renewables



Impacts on supply
Power plant planned 
maintenance and 
unexpected failures 

Hydroelectric



Impacts on supply Major political events



Power storage
● Pumped hydroelectric. Electricity is used to pump water up to a 

reservoir. When water is released from the reservoir, it flows down 
through a turbine to generate electricity.

● Compressed air. Electricity is used to compress air at up to 1,000 
pounds per square inch and store it, often in underground caverns. 
When electricity demand is high, the pressurized air is released to 
generate electricity through an expansion turbine generator.

● Flywheels. Electricity is used to accelerate a flywheel (a type of rotor) 
through which the energy is conserved as kinetic rotational energy. 
When the energy is needed, the spinning force of the flywheel is used 
to turn a generator. Some flywheels use magnetic bearings, operate in 
a vacuum to reduce drag, and can attain rotational speeds up to 
60,000 revolutions per minute.

● Batteries. Similar to common rechargeable batteries, very large 
batteries can store electricity until it is needed. These systems can use  
lithium ion, lead acid, lithium iron or other battery technologies.

● Thermal energy storage. Electricity can be used to produce thermal 
energy, which can be stored until it is needed. For example, electricity 
can be used to produce chilled water or ice during times of low demand 
and later used for cooling during periods of peak electricity 
consumption.

EPA



Power Storage

Forms of storing power are too large, too slow, and/or too costly to fully solve the 
grid balancing problem.



How climate change will impact power



Opportunities for ML 



Methods for predicting demand



Methods for predicting supply



Methods for measuring supply



Methods for power grid function

Predicting failures: Grid design:



Paper Deep Dive

https://arxiv.org/pdf/1910.08842.pdf



The problem of “optimal power flow”

The objective of OPF is to find a steady state operating point that minimizes the 
cost of electric power generation while satisfying operating constraints and 
meeting demand.

How can you most efficiently balance the grid?



The problem of “optimal power flow”

The objective of OPF is to find a steady state operating point that minimizes the 
cost of electric power generation while satisfying operating constraints and 
meeting demand.

This is a really hard 
computational problem that 
scales with the size of the 

grid!

How can you most efficiently balance the grid?



OPF is hard

“In addition to minimizing generator costs, solutions must adhere to physical laws 
governing power flow (i.e. Kirchhoff’s voltage law) and respect the engineering 
limits of the grid. As a result, ACOPF is computationally intractable under the 
demands of daily grid management. In order to account for rapid fluctuations in 
power demand and supply, grid operators must solve ACOPF over the entire grid 
(comprising of tens of thousands of nodes) every five minutes.”

Current mathematical solvers either fail to converge within this time frame or 
produce suboptimal solutions.



OPF is important

“A 2012 report from the Federal Energy Regulatory Commission estimated that the 
inefficiencies induced by approximate-solution techniques may cost billions of 
dollars and release unnecessary emissions”

Variants of the OPF that include how much different sources of energy cost at 
different times can also save money.



Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

If successful, how could this system be useful?



Approach

In this paper, we observe that it should be possible to learn a model that can 
predict an accurate solution over a fixed grid topology/constraint set. Intuitively, we 
expect some measure of consistency in the solution space - similar load 
distributions should correspond to similar generator settings.This suggests 
an underlying structure to the ACOPF problem, which a machine learning model 
can exploit.

Neural networks have demonstrated the ability to model extremely complicated 
non-convex functions, making them highly attractive for this setting. A model could 
be trained off-line on historic data and used in real-time to make predictions on an 
optimal power setting.



Neural networks

Vieira et al.

“Train a model to directly predict the 
optimal generator setting for a 
given load distribution. This
is challenging, as the model’s 
output must be adherence
with physical laws/engineering 
limits.”



Inputs and Outputs

Model will depend on specifics 
of grid structure.



Datasets

IEEE provides simulated grid data 
based on real US grid properties.



Evaluation

(Optimality)

(Reliability)



Results



Results

Not great! Not bad!



Summary


