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• Economic crisis - record job loss
• Egg price - soared
• Video game sales - surged
• Mental Illness – jumped
• Bicycles rides - peaked
• CO2 emission - largest decline
• Energy use

• Oil price dropped below $0 first time in history
• Renewables, the only source, 

posted a growth by larger installed
capacity and economic dispatch 

COVID-19 Global Health Crisis and Uncertainty

Cost of a barrel of oil in real USD terms
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Change in Energy Demand 

Source: https://www.iea.org/reports/global-energy-review-2020
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World in Lockdown

Source: https://www.iea.org/reports/global-energy-review-2020



5

Projected Electricity Demand 

Source: https://www.iea.org/reports/global-energy-review-2020
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PJM Load Curve During the Pandemic

• Morning peak - arriving later, as many forego their commute
• Evening peak - lower
• Load curve - flatter, similar to a snow day
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Reliable Electric Grid World-Wide 

• IEEE Power & Energy Society’s white paper - Sharing Knowledge on Electrical 
Energy Industry’s First Response to COVID-19*
• Europe, Asia, Oceania, Latin America, North America

• Planned and operated to ensure reliability 
• Hurricanes, Ice storms, heat waves, solar flare, etc.

• Pandemics, e.g., 2009-2010 H1N1 influenza virus

• Mandatory reliability standards and compliance

• Business continuity and contingency plans always in place

• Control centers – Grid operators sequestered

• Field operations – Work prioritization and staffing changes
• 1 person per vehicle 

• Use drone and helicopter inspections

• Customer operations and office staff - Telework

• Mitigating technical issues – Load forecast, high/low voltages, etc.

* https://resourcecenter.ieee-pes.org/technical-publications/white-paper/PES_TP_COVID19_050120.html
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Keep the Lights on during COVID-19 Emergency

Source: https://abcnews.go.com/Politics/lights-covid19-emergency-power-company-workers-sequester-office/story?id=69934136

Grid operators living in RVs and trailers

Engineers converting offices into living spaces
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Regulatory Relief

• US grid regulators provided relief, e.g., 
• Acceptable basis for non-compliance with obtaining 

and maintaining personnel certification, as required 
in reliability standard PER-003-2, for the period of 
March 1, 2020 to December 31, 2020 

• Postpone on-site audits, certifications and other on-
site activities at least until September 7, 2020. 

• Defer Implementation for Seven Reliability Standards 
• 3 to 6 months
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Mid-Term Impact

• In times of uncertainty, the electric grid remains the 
foundation for continuity and the enabler of change
• Well-positioned for ongoing spring operations 

• Preparing for the summer period

• Risk increased
• Prolonged periods of operator sequestration

• Deferred equipment maintenance

• Supply chain disruptions
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Long-Term Impact - Look Across All The Factors That Drive Change

• Science and technology (e.g., more robots)

• Culture (e.g., more telework)

• Business strategy

• Politics (and geopolitics) 

• Regulatory policy

• Law and the courts 



Grid Reliability and 
Its Vital Signs

Note: The views expressed herein are the author’s, and do not
necessarily reflect the views of the PES or any other organizations.



Electricity in the USA is a Good Deal

Electricity in the USA is a Good Deal
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Surveys - Customer Satisfaction

Surveys - Customer Satisfaction
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What More Can We Ask For?

What More Can We Ask For?
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Does It Mean Grid Is Not Reliable?

Microgrids … New York City After 
Superstorm Sandy

Superstorm Sandy
– Northeast Coast,
October 29, 2012
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Reliability History: Key Dates

November 9, 1965 – Northeast Blackout 

1968: National Electric Reliability Council (NERC) established by the electric industry

July 13-14, 1977 – NYC Blackout

2002: NERC operating policy and planning standards became mandatory and 
enforceable in Ontario, Canada

August 14, 2003 Blackout 

2005: U.S. Energy Policy Act of 2005 creates the Electric Reliability Organization (ERO)

2006: FERC certified NERC as the ERO; MOUs with some Canadian Provinces

2007: North American Electric Reliability Council (NERC) became the North American 
Electric Reliability Corporation (NERC); FERC issued Order 693 approving 83; 
became mandatory and enforceable
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Electric Reliability (Adequate Level of Reliability, ALR) – Legal Definition

Operating the elements of the bulk-power system 
within equipment and electric system thermal, 
voltage, and stability limits so that instability,
uncontrolled separation, or cascading failures of 
such system will not occur as a result of a sudden 
disturbance, including a cybersecurity incident, or 
unanticipated failure of system elements.
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Is Reliability Improving?
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What We Worry About? – High Impact Events

• Threats to reliability and resiliency 
of electric infrastructure 

• Coordinated cyber attack

• Physical attack

• Major hurricane

• Potential solar weather

• Not a daily event

• No one company can deal with 
alone.
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Measure Risk from Events 
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NERC Annual Daily Severity Risk Index (SRI) Sorted Descending
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Top 10 SRI Days (2008-2015)*

*Note: SRI for Aug 14, 2003 blackout event is close to 80.
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13 Industry-Defined Reliability Vital Signs

M-1 Reserve Margin

M-2 BPS Transmission Related Events Resulting in Loss of Load

M-4 Interconnection Frequency Response

M-6 Average Percent Non-Recovery Disturbance Control Standard Events

M-7 Disturbance Control Events Greater than Most Severe Single Contingency (MSSC)

M-8 Interconnection Reliability Operating Limit/System Operating Limit (IROL/SOL) Exceedances

M-9 Correct Protection System Operations

M-11 Energy Emergency Alerts

M-12 Automatic AC Transmission Outages Initiated by Failed Protection System Equipment

M-13 Automatic AC Transmission Outages Initiated by Human Error

M-14 Automatic AC Transmission Outages Initiated by Failed AC Substation Equipment

M-15 Automatic AC Circuit Outages Initiated by Failed AC Circuit Equipment

M-16 Element Availability Percentage 
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Vital Signs vs Performance Objectives for Reliability Standards

Adequate Level of Reliability (ALR) Metrics
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State of Reliability Report
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• Purpose – Objectively provide an integrated view of 
reliability performance

• Serve as risk-informed input to:
• Standards and project prioritization

• Compliance process improvement

• Event analysis, reliability assessment, and CIP

• Reference for trends risks to reliability

• Offer analytical insights towards actionable risk control

State of Reliability Report



M-1 Planning Reserve Margin  
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M-2 BPS Transmission Related Events Resulting in Loss of Load - Number of Events
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M-2 BPS Transmission Related Events Resulting in Loss of Load - Total Load Loss
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M-2 BPS Transmission Related Events Resulting in Loss of Load - Event Duration
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M-4 Interconnection Frequency Response (Eastern, Western, Texas and Quebec Interconnections)

EI WI

TI QI
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M-9 Correct Protection System  Operations - Quarterly and Five Year Average Rate
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M-9  Correct Protection System  Operations - by Cause Codes
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M-11  Energy Emergency Alerts - Number and Level of EEAs in 2017
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Risk Profile of Automatic Transmission Outages - by Initiating Cause Codes
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Who Reaps the Benefits? 

•Customers or Us.

•But wait…
• Is reliability improving?
• Is electricity rate reasonable?
• Is the way we use energy 

sustainable?
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Future Grid
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Future Grid Roadmap• Demand for electricity and  G, T&D will increase. 
• Population growth, electric vehicles, renewables, etc.

• Fuel transformation has been occurring.

• More resilient, safe, reliable, and efficient Grid
• Advancements in technology and processes
• Need for clear and balanced regulatory policies

• Electricity value will be seen beyond commodity
• Increased choices, digital age reliability, comfort value
• Societal and economic goals to meet sustainability and 

support of growing economy

Key for New Grid is in educated workforce, developing & 
applying standards, and sharing global best practices

Leading Trends
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Electric Retail EvolutionUtility functions – Evolve over time as customer adoption of 
Distributed Energy Resource (DER) grows and the opportunity is 
created in this transition.

Source: Paul De Martini

Electric Retail Evolution
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The World’s Largest Professional Association Advancing Technology for Humanity

Global Reach Technical Breadth Social Impact

422,000+ Members

160+ Countries

123,000 Student Members

1,960+ Annual Conferences

4.5M+ Technical Documents

200+ Top-Cited Periodicals

1,300+ Active Standards

49 Technical Societies

Public Policy Engagement

Global Humanitarian Efforts

Education & Certification 

Ethics in Technology
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Power & Energy Society (PES) - Global Engagement Through Local Chapters

Over 40,000 members in 150 countries

REGION 1-7
128 chapters | 68 student chapters | 19,835 members

REGION 8
48 chapters | 78 student chapters | 5,803 members

REGION 9
36 chapters | 114 student chapters | 3,119 members

REGION 10
46 chapters | 179 student chapters | 11,185 members

>50% of members are outside USA

258 Chapters and 439 Student Chapters: 
PES Chapters are a great way to plug in to the 
society in most parts of the world and get involved. 
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PES Technical Community

• Analytic Methods for Power Systems 

• Electric Machinery 

• Energy Development and Power Generation

• Energy Storage and Stationary Battery

• Insulated Conductors

• Nuclear Power Engineering

• Power System Communications and 
Cybersecurity

• Power System Dynamic Performance

• Power System Instrumentation and 
Measurements

• Power System Operations, Planning 
and Economics

• Power System Relaying and Control

• Smart Buildings, Loads and Customer Systems

• Substations Committee 

• Surge Protective Devices

• Switchgear 

• Transformers 

• Transmission and Distribution

Coordinating Committees:

• Intelligent Grid & Emerging Technologies
• Marine Systems 
• Wind and Solar Power

Get Involved. Visit: www.ieee-pes.org/technical-activities 
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Everything You Need IN ONE PLACE

Visit the IEEE PES Resource Center
The IEEE PES Resource Center is the most extensive library in 
the world devoted exclusively to the power and energy industry. 
You don’t have to be a PES member to access the Resource 
Center’s vast array of industry oriented content, which is 
available to assist in your research, presentations, or academic 
programs, and professional development!

resourcecenter.ieee.pes.org

PES MEMBER ACCESS

Most materials in the PES 
Resource Center are free to 

society members – an 
important member benefit.

NON-PES MEMBER ACCESS

Discounted prices, for IEEE 
members, are listed for each 

product. Non-members also have 
access to all the products on the 

IEEE PES Resource Center.
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Engaging during the COVID-19 Pandemic (https://www.ieee-pes.org/covid-19-resources)
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Get Involved - Collaboration!



Be A Part of This Transformation!

Thank You!
Get Involved. Visit: ieee-pes.org


