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My Career “Pivot” 

• Academic (teaching, research)
• Manufacturing (Invention, application) 
• Electric Utility (planning, operations, becoming a leader)
• Standards Organization (consensus building)
• Regulatory Agent (collaborating with lawyers and 

economists for bigger social impact)
• Association (volunteer, President) 
• Shaped me over the years…
• https://www.linkedin.com/in/jessica-bian-b2b44615/  
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What is Energy?

Moving and/or doing work is 
Energy
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Sources of Energy
•Biggest source of energy is our Sun
•Some other sources are
–Coal
–Wood
–Wind
–Water
–Food
–Electricity
–Hydrogen

Primary Sources of 
Energy

Secondary Sources of 
Energy



Types of Clean Energy

Moving water, solar, wind, biomass, 
 geothermal, and ocean energy 
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https://en.wikipedia.org/wiki/Cost_of_electricity_by_source 

Cost of Electricity by Source

https://en.wikipedia.org/wiki/Cost_of_electricity_by_source


Total U.S. 
Greenhouse Gas 
Emissions by 
Economic Sector 
in 2022

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions 

As of 2023
80% fueled by 

nuclear, coal, gas, oil

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions


Thomas Edison and his 
incandescent light patent

• Edison opened his first electric power plant in New York in 1882 
• Within a decade, electric power had spread to every corner of the globe

Edison’s 1st 
commercial plant, 
Pearl St., NY 1882

Nikola Tesla, inventor of 
the induction motor and 
a comprehensive system 
for polyphase AC power

Safety

Reliability

Cost-effectiveness

Samuel Insull built the 
reliable “power pool”, 

reducing production costs 
and rates and increasing 

efficiency

Frontiers - A New Energy Industry
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Why We Need Regulators in Energy Industry?
• In 1920, US Congress established the Federal Power Commission (FPC) 

for licensing hydroelectric projects 
• In 1935, authorized FPC to regulate both hydropower and interstate 

electricity
•From 1940 to 1950, FPC pressured electric utilities to extend power 

into neglected rural areas and to lower electricity rates to increase use
• In 1977, FPC changed its name to the Federal Energy Regulatory 

Commission (FERC)
•Determine whether wholesale electricity prices were unjust and 

unreasonable and, if so, to regulate pricing and order refunds for 
overcharges to ratepayers
•Yes, Lawyers and Economists...  
•Frontiers - Engineers and Advanced Technology

11



Spectacular 
Results 

          Residential Service

Source: U.S. Department of Commerce, Historical Statistics of the United 
States, Colonial Times to 1970, Part 2, Series S, 108-119. 

Year 
Share of Homes 
with Service

Kwh 
Consumed 
per Home 

Price Paid 

1912 16% 264 9.1₵

1920 35% 339 7.5₵

1948 90% 1,563 3.0₵
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Interconnected Grids and Wholesale Electricity Markets in North America
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Electricity Average Prices with Transmission and 
Distribution Delivery Cost



Challenges and Opportunities

Increased Billion-Dollars Weather and Climate Disasters

• 3 events in 1980; 22 in 2020
Hurricane Ida 
(Aug 26 – Sept 4, 
2021) knocked 
out all 
transmission lines 
into New Orleans.

Superstorm Sandy (Oct 29, 2012) 
knocked out 50+ transmission lines in 
NY/NJ areas.
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Texas Rolling Blackouts (Feb 15-17, 2021)

Source: https://spectrum.ieee.org/, www.statesman.com   

Frozen gas valve and high pressure pipe
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https://spectrum.ieee.org/
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U.S. Economic Losses Due to Natural Disasters  

Exceeding $1B in Damages per Year (1980 – 2020)



Solutions & 
Trend
Electric Vehicles
Energy storage
Microgrids (no delivery 
cost)
Green Energy (Green 
Hydrogen)
Nuclear Fusion



Wind Map

Solar Map



Challenges and 
barriers to their 
implementation

01.

02
.
03
.

Policy

Cost

Scale



Federal Energy Regulatory Commission 
(FERC)
• Order 1920 - Issued  May 13,  1,363 pages

• Building for the Future Through Electric Regional Transmission 
Planning and Cost Allocation

• Votes - 2 to 1
• Dissent – ‘Shell Game’ ‘Serve a major policy 

agenda’ ‘Serve the profit-making interests of 
developers of politically preferred generation, 
primarily wind and solar, and to serve corporate 
“green energy” preferential purchasing policies’
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How we got to this point
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Need Regulators in Energy & Power Industry!

• In 1920, US Congress established the Federal Power Commission (FPC) for licensing 
hydroelectric projects 
• In 1935, authorized FPC to regulate both hydropower and interstate electricity
• From 1940 to 1950, FPC pressured electric utilities to extend power into neglected 

rural areas and to lower electricity rates to increase use
• In 1977, FPC changed its name to the Federal Energy Regulatory Commission (FERC)
• Determine whether wholesale electricity prices were unjust and unreasonable and, if 

so, to regulate pricing and order refunds for overcharges to ratepayers
• Yes, Lawyers and Economists...  
• Frontiers - Engineers and Advanced Technology
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Mission for Regulators

•Ensure Reliable, Efficient and Sustainable Energy for Customers
–Assist consumers in obtaining reliable, efficient and sustainable energy 
  services at a reasonable cost through appropriate means
•Market
•Regulatory 

•Reliability – Adequate Level of Reliability?

•Affordability – Reasonable Cost?

•Transmission Services/Rates – Just, Reasonable and Non-Discriminatory  
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Reliability History: Key Dates

 November 9, 1965 – Northeast Blackout 

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



 Understand What Is Happening Today – 
How History Helps 

•Look across time 
–Decades are not detached 
–Energy policy is local and political

•Look across all the factors that drive change 
•Science and technology
•Business strategy
•Local Culture 
•Politics (and geopolitics) 
•Regulatory policy
•Law and the courts 

26



27

Does it mean 
grid is not reliable?
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Keep Lights On.

What is Grid Reliability?



Bulk-Power System Reliability – US Congress Definition  

 ALR – Adequate Level of Reliability

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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• The BES does not experience instability, uncontrolled separation, cascading, or voltage collapse 
under normal operating conditions and when subject to predefined disturbances.

• BES frequency is maintained within defined parameters under normal operating conditions and 
when subject to predefined disturbances.

• BES voltage is maintained within defined parameters under normal operating conditions and when 
subject to predefined disturbances.

• Adverse reliability impacts on the BES following low-probability disturbances (e.g., multiple 
contingences, unplanned and uncontrolled equipment outages, cybersecurity events, and malicious 
acts) are managed.

• Restoration of the BES after major system disturbances that result in blackouts and widespread 
outages is performed in a coordinated and controlled manner.

• BES transmission capability is assessed to determine the availability to meet anticipated BES 
demands during normal operating conditions and when subject to predefined disturbances.

• Resource capability is assessed to determine the BES’s availability to meet anticipated BES demands 
during normal operating conditions and when subject to predefined disturbances.

Adequate Level of Reliability (ALR) – Industry Definition
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    Reliability and Resilience 

• “Adequate Level of Reliability” is commonly acknowledged as a 
system performance measure.

• Resilience is a system characteristic/capability encompassing all hazards 
and events, including high-impact low-probability events that are 
excluded from reliability calculations.

• Customers pay for “Adequate Level of Reliability” per grid codes or 
mandatory standards, not for resilience.

• There are no mandated resilience requirements at this time. 



Measure Risk from Events 

Likelihood

Impact

Avoid 
and 

Mitigate

Learn 
and 

Reduce

Accept

High Impact 
Low 

Frequency 
(including 

CIP)

Severity Risk Index (SRI) Curve – “Stress” Indicator

Reporting
 Threshold

Inverse 
Cost/Benefit

RISK
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North American Annual Daily Severity Risk Index (SRI) Sorted Descending

Severity Risk Index – “Stress” Level 

33https://www.nerc.com/pa/RAPA/PA/Pages/default.aspx 

https://www.nerc.com/pa/RAPA/PA/Pages/default.aspx


Top 10 Severity Risk Index Days (2008-2015)
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Top 10 Severity Risk Index Days (2016-2020)
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Top 10 Severity Risk Index Days (2020)
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Top 10 Severity Risk Index Days (2021)
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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 (IROL) Exceedances

M-9 Correct Protection System Operations

M-11 Energy Emergency Alerts
38
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Vital Signs - Performance Metrics (cont’d)

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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Annual Checkup - 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 risk trends to reliability
•Offer analytical insights towards actionable risk control



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

Transmission-Related Events Resulting in Loss of Firm Load Excluding Weather-Related Events
41



M-9 Protection System Misoperation Rate

Leading Causes of Misoperations
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Distribution Reliability Metrics – IEEE Standard 1366 

• Used by regulators and policy makers
• SAIDI: System Average Interruption Duration Index
• SAIFI: System Average Interruption Frequency Index
• CAIDI: Customer Average Interruption Duration Index
• CAIFI: Customer Average Interruption Frequency Index
• MAIDI: Momentary Average Interruption Duration Index
• MAIFI: Momentary Average Interruption Frequency 

Index 

• Published in 1999, the latest revision in 2012

https://ieeexplore.ieee.org/document/6209381 
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Two Resilience Metrics Proposed by 
IEEE PES Distribution Resilience Working Group

•   Storm resilience metric
• Measure reduction of the number of customers without power for more than 12 hours 
• Consider the interruptions restored automatically without requiring human intervention 
• Distribution automation, advanced distribution management system, or microgrids, etc.

• Calculation - % of customers without power for more than 12 hours and total 
customer interruptions including customers automatically restored (avoided customer 
interruptions) through technology solutions

Note:
1. The threshold value is required for baselining. 
2. Based on the threshold value, categorize each storm event as significant, large, medium, or small 

https://sagroups.ieee.org/distreswg/ 



45

Two Resilience Metrics Proposed by 
IEEE PES Distribution Resilience Working Group (cont’d)

• Non-storm, gray sky days (GSD) resilience metric
• Measure robustness and the ability to withstand most weather events
• Vary by utility size

• Calculation
• % of customer interruptions over the total customer base (e.g., 0.375% of the 

total number of customers)

• Consider certain weather criteria 
• ≥ average precipitation across the service territory (e.g., 1” of rain) 
• ≥ average maximum temperature across the service territory (e.g., 90°F max) 
• ≤ average minimum temperature across the service territory (e.g., 0°F min) 
• ≥ average maximum wind speed across the service territory (e.g., 25mi/h 

sustained wind speeds)
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AI and Data Centers Booming since 2022 



Trend and Reinvention in Energy Sector

Data Centers 
Cyber Threats
DER
EV
Storage 
Microgrids 
Green Hydrogen
…

Potential US Data Center Growth 



Digital Transformation in Sustainable Energy
- More efficient, resilient and sustainable
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• Smart Grids - Integrate clean 
energy at edge

• Predictive Maintenance – 
Digital Twins

• Electrification of Mobility  
• Demand Response
• Data Analytics
• Grid Management
• …
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Moving to a 3D Energy Landscape – 

Decarbonized, Democratized, Decentralized

•  Safe, Reliable and Affordable - Done
•  Resilient?
•  Carbon Free?
•  Reconfigurable?
•  Autonomous?
•  Flexible, Friendly
•  Nice Looking?
•  Other Cool Features?
•  Complete Makeover?



zQ&A 
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zBreak 
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State of IEEE Industry Engagement
Personalization at Scale - Advance Student/YP Careers
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200+
Top-Cited Periodicals

6,000,000+
Technical Documents

Global 
Reach

Technical 
Breadth

IEEE Today at a Glance

1,100+
Active Standards

460,000+
Members

190+
Countries

39
Technical
 Societies

and eight 
Technical Councils

via IEEE Xplore® digital library, 
with more than 15 million 

downloads each month

IEEE journals, conference 
proceedings, and select content 

dating back to 1872

across 10 
geographic 

regions

2,000+
Annual Conferences

and 1000+ 
more in development

in 96 countries while 
contributing over 3.6 million 
total conference papers to 

IEEE Xplore since 1936 

60% of whom are 
from outside the US
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More than 20,000 VACANT Volunteer Leadership Positions

• Total number of SBs and SBCs: 8,314 (=3,725+4,589)

• Vacant SB Counselors: 800+, >20%

• Vacant SBC Advisors: 1,000+, >20% 

• Vacant SB Student Leaders: 5,200+

• Vacant SBC Student Leaders: 5,000+

• Vacant Affinity Group Leaders: 3,000+ for WIE, YP, …
• Vacant YP Affinity Group positions: 300+, >38% 

            Source: IEEE OU Analytics, July 2024
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TOP PRIORITY - Increase Student Retention and YP Transition in Industry 

  
AI-powered IEEE Career Guidance 
Counselor (in conjunction with 
Young Professionals Committee)

  Personalization at Scale
▪ Examine resumes and body of work
▪ Match to internships/jobs
▪ Match to mentors
▪ Identify matching skills and capabilities
▪ Generate personalized ILN-based learning 

plan

* I see great careers!

IEEE Industry Needs Survey 2023
YPs #1 Need: Career Development

5
5

IEEE Career Guidance Counselor (ICGC)



Meet Student, YP, WIE Talent Needs
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• IEEE Paid-Internship
• IEEE Job Fairs
• IEEE Mentorship

Counselors/Advisors

• Section/Region 
Member 
Engagement 
Committees

• Society/Council 
Member 
Engagement 
Committees

• Student 
Branches

• Student  
Branch 
Chapters

• HKN Chapters 

• Section/Region
YP/WIE Affinity 
Groups/ 
Committees

• Society/Council 
YP/WIE Affinity 
Groups/ 
Committees

IEEE YP Committee
IEEE WIE Committee

IEEE  Member Engagement 
Committee

‘Recent Graduates’
(June 13 and August 15)



Personalization at Scale
• Ability to tailor experiences and interactions for a 

large number of members 
• Machine learning, AI, and real-time data analytics

• Deliver unique, relevant content to each member
• Without manual intervention, making each person 

feel seen and valued
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Digital Solutions for Tailored Member Experiences



Win-Win
• Members

• Paid-internship programs
• Job fairs
• Mentors

•IEEE
• Fill vacant YP/WIE/LM 

Affinity Group leadership 
positions 
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Another Digital Solution -
Industry Content Platform (ICP)
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▸ Gathers 
industry-focused 
content from a 
variety of sources, 
with an emphasis 
on industry-focused 
articles created with 
new AI tool that 
transforms 
academic articles

▸ Early feedback from 
both authors and 
potential end users 
is very positive.
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AI Transformed Publications 

ICP

Industry Content Platform (ICP)

Xplore DiscoveryPoint ICP

AI outputs could add value 
across the IEEE subscription 
product portfolio >>

A New Soft-Switched High Step-Up Trans-Inverse 
DC/DC Converter Based on Built-In Transformer

Sara Hasanpour, Yam P. Siwakoti, and Frede Blaaabjerg

Industry-Oriented Generated Version
Authored by ICP AI and to be reviewed by original author(s) 

https://drive.google.com/file/d/1Lg_0eHvqIW8NBRfPhKNa7VeSl5RbKOT6/view?usp=drive_link
https://drive.google.com/file/d/1Tg-KtoflWyCQa_NwqqislFj6OFjUaGth/view?usp=sharing


6
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ICP Demo



Ongoing Initiatives
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▸ Lower Unknown Employer Type data from 20% to 5% 

▸ Nominate 90% of eligible members for Senior members

▸ Implement per objectives and milestones 
• IEEE Career Guidance Counselor 
• Industry Content Platform
• IEEE Premier Program
• Corporate Recognition Program
• Industry Impact Factor
• Distinguished Member Recognition
• Student elevation/transition activities
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Newsletter and Other Resources for Industry and Government 
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