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The Power Grid (1)
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The Power Grid

Description:

The power grid is the system of producers and consumers of electricity. It includes power generators, the users of electricity, switches that control the
electricity, and the system of substations, power lines, and transformers that deliver the electricity. A community might have a generator to provide its
power. The generator may be able to vary its production as the usage of the customers changes, but there may be times when the demand for energy
is too great for the generator. Then the community buys electricity from another source. At other times, the generator may be making more electricity
than the community is using, so it wants to sell it.

300 MW

Commerceton
300 MW

840 MW = ‘ +

290 MW

‘Residenceburg
500 MW
=

© 1000 MW

200 MW
190 MW

Hydroelectric
1000 MW

500 MW

060 MW Re— — NIV
uDstau - » o

Natural Gas
200 MW

-+

660 1902\

Industryville - Wind Farm
100 MW ~ T 199 MW
Coal = Nuclear

600!\1\\“ Offline

https://credc.mste.illinois.edu/applet/pg


https://www.wecc.org/
https://credc.mste.illinois.edu/applet/pg

ws

The Power Grid (2)

All Power Grid components operate together as one system:

Generation — Coal, Hydro, Natural Gas, Nuclear, Solar, Wind, Other
Transmission — Lines, Substations
Loads — Residential, Industrial, Commerce

External Neighboring Entities (Balancing Authorities, Transmission Operators)


https://www.wecc.org/
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The Power Grid — Grid Status

Status:

« Generation = 1,000 MW (Hydro), 200 MW (Wind), 0 MW (Nuclear), 600 MW (Coal), 200 MW
(Natural Gas) = 2,000 MW Total

« Load =500 MW (Res), 100 MW (Industry), 300 MW (Comm) = 900 MW Total
« Interchange = 549 MW + 549 MW = 1100 MW

* Generation MW + Interchange MW = Load MW

« Balanced System! (60 Hz)


https://www.wecc.org/

> | The Power Grid — Scenario 1 — Adding Generation

 First press the "Reset System’

« Then, close the "blue switch" to the left of the Nuclear Power Plant (900 MW)
» What happens to the grid?
- Additional generation (900 MW) added

* If the other resource outputs don't change, and the load remains the same, what
changes?


https://www.wecc.org/

oy | The Power Grid — Scenario 2 — Changing Loads

 First press the "Reset System’

* Then, increase each of the three loads by the following:
* Residenceburg to 1,800 MW
e Industryville to 400 MW
« Commerceton to 900 MW
« What happens to the grid?
« Hints: Change in "arrow colors" and External Systems

* Close the "blue switch" to the left of the Nuclear Power Plant (900 MW)
 Did any "arrow colors" change? If not, why not?

 Did the flows change with the External Systems?


https://www.wecc.org/

> | The Power Grid — Scenario 3

 First press the "Reset System’

* Then, open the "blue switch" to the External System 1 and the External
System 2

« What happens to the grid?
« Why did this happen?
« "Reset System" again, and look at the flows to both External Systems

- What action would possibly mitigate this?


https://www.wecc.org/

> | The Power Grid — Homework

* Challenges:
« On your own, work through Challenges 2-5 for discussion tomorrow morning

 Have fun!
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Video Links

Day 1

New York Times 2003 Blackout Video

Automatic Governor Control Fly Ball Video

Natural Gas Fueled Combustion Turbine Combined Cycle Generator

Energy 101: Photovoltaic Solar

Disconnect Switches in Action

Electric Fence Video (Facebook link as original is no longer on YouTube)

Tucson Electric Power Repairing Energized Lines

Chief Joe Brake (From Bonneville Power Administration's Facebook Page)

Day 2

Basics of Essential Reliability Services Videos (3 videos)

Video of National Grid (UK) Responds to a million kettles with operations



https://www.wecc.org/
https://www.nytimes.com/video/us/100000002544427/the-day-the-lights-went-out.html
https://www.nytimes.com/video/us/100000002544427/the-day-the-lights-went-out.html
https://www.youtube.com/shorts/BQMxThr5zQ4
https://www.youtube.com/shorts/BQMxThr5zQ4
https://www.youtube.com/watch?v=D406Liwm1Jc
https://www.youtube.com/watch?v=D406Liwm1Jc
https://www.youtube.com/watch?v=0elhIcPVtKE
https://www.youtube.com/watch?v=0elhIcPVtKE
https://www.youtube.com/watch?v=43TA5mh-Mlo
https://www.youtube.com/watch?v=43TA5mh-Mlo
https://www.facebook.com/watch/?v=5122196914469993
https://www.facebook.com/watch/?v=5122196914469993
https://www.youtube.com/watch?v=hA5wNMSNwGo
https://www.youtube.com/watch?v=hA5wNMSNwGo
https://www.facebook.com/watch/?v=10154155355534374
https://www.facebook.com/watch/?v=10154155355534374
https://vimeopro.com/nerclearning/erstf-1
https://vimeopro.com/nerclearning/erstf-1
https://www.youtube.com/watch?v=UTM2Ck6XWHg
https://www.youtube.com/watch?v=UTM2Ck6XWHg
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Abbreviations, Definitions, & Information (1)

U.S. Energy Information Administration (EIA) — Glossary

NERC Glossary of Terms

NERC BES Definition

NERC BPS BES FAQ

NERC Reliability Functional Model — Definitions and Functional Entities

WECC Study Program Glossary of Terms

California ISO Glossary

Southwest Power Pool Glossary



https://www.wecc.org/
https://www.eia.gov/tools/glossary/index.php?id=Electric%20utility
https://www.eia.gov/tools/glossary/index.php?id=Electric%20utility
https://www.eia.gov/tools/glossary/index.php?id=Electric%20utility
https://www.eia.gov/tools/glossary/index.php?id=Electric%20utility
https://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf
https://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf
https://nerc.com/pa/Stand/2018%20Bulk%20Electric%20System%20Definition%20Reference/BES_Reference_Doc_08_08_2018_Clean_for_Posting.pdf
https://nerc.com/pa/Stand/2018%20Bulk%20Electric%20System%20Definition%20Reference/BES_Reference_Doc_08_08_2018_Clean_for_Posting.pdf
https://www.nerc.com/news/Documents/March%202023%20NERC%20Frequently%20Asked%20Questions%20FAQ.pdf#:~:text=NERC%20defines%20the%20bulk%20power%20system%20%28BPS%29%20as,generation%20facilities%20needed%20to%20maintain%20transmission%20system%20reliability.
https://www.nerc.com/news/Documents/March%202023%20NERC%20Frequently%20Asked%20Questions%20FAQ.pdf#:~:text=NERC%20defines%20the%20bulk%20power%20system%20%28BPS%29%20as,generation%20facilities%20needed%20to%20maintain%20transmission%20system%20reliability.
https://www.nerc.com/pa/Stand/Functional%20Model%20Advisory%20Group%20DL/Functional_Model_V5.1_clean_10082019.pdf
https://www.nerc.com/pa/Stand/Functional%20Model%20Advisory%20Group%20DL/Functional_Model_V5.1_clean_10082019.pdf
https://www.nerc.com/pa/Stand/Functional%20Model%20Advisory%20Group%20DL/Functional_Model_V5.1_clean_10082019.pdf
https://www.nerc.com/pa/Stand/Functional%20Model%20Advisory%20Group%20DL/Functional_Model_V5.1_clean_10082019.pdf
https://www.wecc.org/sites/default/files/documents/meeting/2024/2020-2021%20Study%20Program%20Glossary%20and%20Abbreviations.pdf
https://www.wecc.org/sites/default/files/documents/meeting/2024/2020-2021%20Study%20Program%20Glossary%20and%20Abbreviations.pdf
https://www.caiso.com/glossary
https://www.caiso.com/glossary
https://www.spp.org/glossary/
https://www.spp.org/glossary/

Abbreviations, Definitions, & Information (2)

« WECC's Risk Management Program
 NERC’s Risk Framework
 NERC Essential Reliability Services

» Keeping the Lights On: Essential Reliability Services | Department of Energy
 UTK FENET Server Web Display

 NERC — The Basics of Essential Reliability Services on Vimeo

« NERC History book

» Energy Policy Act of 2025
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https://www.wecc.org/
https://www.wecc.org/western-interconnect-risk-management-program
https://www.wecc.org/western-interconnect-risk-management-program
https://www.nerc.com/comm/RISC/Related%20Files%20DL/Framework-Address%20Known-Emerging%20Reliabilit-Securit%20%20Risks_ERRATTA_V1.pdf
https://www.nerc.com/comm/RISC/Related%20Files%20DL/Framework-Address%20Known-Emerging%20Reliabilit-Securit%20%20Risks_ERRATTA_V1.pdf
https://www.hydro.org/wp-content/uploads/2017/08/NERC-ERSTF-Framework-Report-Abstract.pdf
https://www.hydro.org/wp-content/uploads/2017/08/NERC-ERSTF-Framework-Report-Abstract.pdf
https://www.energy.gov/eere/articles/keeping-lights-essential-reliability-services#:~:text=The%20North%20American%20Electric%20Reliability%20Corporation%20%28NERC%29%20calls,main%20aspects%3A%20frequency%20response%2C%20balancing%2C%20and%20voltage%20control.
https://www.energy.gov/eere/articles/keeping-lights-essential-reliability-services#:~:text=The%20North%20American%20Electric%20Reliability%20Corporation%20%28NERC%29%20calls,main%20aspects%3A%20frequency%20response%2C%20balancing%2C%20and%20voltage%20control.
https://fnetpublic.utk.edu/
https://fnetpublic.utk.edu/
https://vimeopro.com/nerclearning/erstf-1
https://vimeopro.com/nerclearning/erstf-1
https://vimeopro.com/nerclearning/erstf-1
https://vimeopro.com/nerclearning/erstf-1
https://www.nerc.com/AboutNERC/Resource%20Documents/NERCHistoryBook.pdf
https://www.nerc.com/AboutNERC/Resource%20Documents/NERCHistoryBook.pdf
https://www.congress.gov/109/plaws/publ58/PLAW-109publ58.pdf
https://www.congress.gov/109/plaws/publ58/PLAW-109publ58.pdf

Abbreviations, Definitions, & Information (3)

* An Introductory Guide to Electricity Markets regulated by the Federal Energy
Regulatory Commission (FERC)

« Western Energy Markets Explainer | Federal Energy Regulatory Commission

« NERC 2025 State of Reliability — Technical Assessment
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https://www.ferc.gov/introductory-guide-electricity-markets-regulated-federal-energy-regulatory-commission
https://www.ferc.gov/introductory-guide-electricity-markets-regulated-federal-energy-regulatory-commission
https://www.ferc.gov/introductory-guide-electricity-markets-regulated-federal-energy-regulatory-commission
https://www.ferc.gov/OPP/western-markets-explainer
https://www.ferc.gov/OPP/western-markets-explainer
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
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