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T0SERVE 2 STATES

Three Utility Companies Form
Sysiem for Pennsylvania
and New Jersay.

TC BE IN OPERATION BY 1930

3 Transmission Lines Totaling'
208 Miles to Cost $26,000,000
—New Plant at Conowingo.

Formation of what is probably the
world’s largest electric power pool
was , announced yesterday. This
latest and greatest of superpower
systems will cover the industrial dis-
tricts and main cities of New Jersey
and, with the exception of Pirts
burgh, mest of the important cilies
in Pennsvlvania, If will involve the
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Presenter Notes
Presentation Notes
In 1920 Congress stood up the Federal Power Commission (FPC) to coordinate hydro projects under federal control (The FPC will eventually become FERC)

The PJM story can be traced to two pioneers largely lost to history. 

Malcolm Maclaren was a Princeton University Engineering Professor who in 1924 issued a report that found that pooling the systems of PSEG, PECO and PPL  and linking them through a common transmission ring would lead to savings of $2.8 M --.

That preliminary report was followed by a report from Farley Osgood of PSEG who undertook a more in depth analysis. In transmitting the report in August of 1925, Osgood noted that construction of a 220kV transmission ring that “the economies of the interconnection would be considerable and the advantages many.”  The project was approved and construction of the 220kV ring which was central to coordinated operations completed in 1928.

The power pool agreement defined the members responsibilities including their obligations to operate in a coordinated fashion. The agreement also included operational responsibilities including metering and financing for the 220kV ring. 

The formation of the power pool was reported in a front page article of the New York Times as a new “superpower system” which would make possible ‘diversification, dependability and concentration of power on an enormous scale.” 

The agreement was motivated by the increasing demand for this new product electricity throughout the region as the number of customers of just PECO alone doubled in five years. This led to study and construction of the Conowingo Dam which was the second largest hydroelectric project in the US at the time impounding 150 billion galls of water in a 14 mile long reservoir, water that could pass through seven huge water wheels to generate 252 MW of power. 

When it went into service in 1928, it was second only to Niagara Falls.  The new transmission ring made it possible to send power from the Susquehanna River to Philadelphia. (top left and center image)

Stock market crash in 1929 was a big story



é/ Early State of the Industry
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1950s PJM

8 PIM in 1927
Joined in 1956
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Presenter Notes
Presentation Notes
At its November, 1955 meeting the PJM Operating Committee approved a Five Party (BGE, GPU, PPL, PSEG, PECO) Interconnection Operating Agreement which added the GPU companies and BG&E to the pool. The agreement was signed on September 26, 1956 and keeping with the times, a new logo was designed.

In addition to the inclusion of the two new members, the Five Party Agreement relaxed the requirement of a 60-day coal pile, allowing each company to determine its own fuel inventory needs. This was the predecessor of CP. 


g/ 1980s PJM

Joined in 1921

..
Pennsylvania JCPL

Joined in 1956 Power & Light i

Pennsylvania peco  JCPE

Joined in 1965 S S

N Baltimore Gas & Electric |

| Delmarva Power & Light ‘

PJM participants = Transmission Owners
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Presenter Notes
Presentation Notes
1981 and 1984 saw the successful commercialization by PPL of units 1 and 2 at the Susquehanna station

1981 –  Delmarva Power & Light and Atlantic Electric join PJM in 1981 

And this was, in the post TMI and prudence review era, a new time in regulation where all stakeholders came together to develop IRP plans---what was designed as the plan which perfectly balanced generation and load and was developed through a group grope for perfection. 

80s – Energy landscape dominated by vertically integrated utilities - monopolies.  Little or no merchant competition.  Growing concern about access to the transmission system at just and reasonable rates.  PJM is the grid operator but not involved in resource adequacy, planning, etc.
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Presenter Notes
Presentation Notes
Deregulation started in the United States from 1990 through 2002 where unregulated generators were producing about 33% of the total electricity supplied in the United States.  However, a significant fraction of this energy came from generating plants held by affiliates of vertically integrated utilities and located in the same areas as their distribution transmission facilities



A1

Energy PACT
1992

Push :
Buttons '

The Energy Policy Act of 1992
promoted the development of
spot markets for electrical power
because it required facilities to
open their transmission system
to wholesale power sales
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FERC Order 888

1996

e

Iconic Flair

Deregulation: Remedy undue
discrimination in access to the
monopoly owned transmission
wires that control whether and to
whom electricity can be transported
in interstate commerce.

Game Changers . ..

Retail
Markets

Mobile
access
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Presenter Notes
Presentation Notes
The Energy Policy Act of 1992 promoted the development of spot markets for electrical power because it required facilities to open their transmission system to wholesale power sales. 
ISOs established in New England, New York, Pennsylvania-New Jersey-Maryland Interconnection (PJM), and Midwestern states (MISO) power pools, as well as in California and Texas.  

FERC developed the Standard Market Design in 2003 with a goal to create standard rules followed by all states which will allow RTOs to operate and coordinate more effectively and reliably. Design included Bilateral Contracts, Day-Ahead and Real Time Markets, LMP and Congestion Revenue Rights, Resource Adequacy, Load Responsiveness, and Market Power Mitigation.  



é/ “Unbundling” Leads to Whole New
Classes of I\/Iarket Participants
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é/ Organized Competitive Wholesale Markets

A
IT]

Increase Reliability ;‘3%

RELIABILITY

Locational Prices Information
(Prices signal system needs; Exchange
participants respond) and Transparency
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Presenter Notes
Presentation Notes
Organized wholesale electric markets supported by RTOs enhance grid reliability through locational prices, superior information and better grid-management tools. 

The economic incentives in an organized competitive wholesale market contribute to system reliability. Locational marginal prices provide clear and timely information about grid conditions to all market participants. Prices tell market participants when congestion or supply shortages arise and allow them to respond quickly to the situation.
The broad regional field of vision of the RTO footprint allows operators to identify emerging factors that could affect grid conditions and alleviate problems as they emerge.  For example, PJM’s state estimator model contains nearly 13,000 busses, with data fed by systems spanning 13 states and the District of Columbia. This broad field of vision helps operators deal with any operational problem they see quickly, before problems grow. And, RTOs also work collaboratively and share information to improve reliability across even larger geographic regions.
Reliable grid operations require substantial monitoring, communications technology and data. PJM uses such sophisticated tools as unit commitment software to schedule generators on a day-ahead basis, real-time contingency analysis and generation dispatch that evaluates the system every minute, and real-time voltage analysis that analyzes regional system voltage characteristics to avoid potential problems. 

These more sophisticated system monitoring technologies and processes have not increased reliability costs for consumers.  In 1996, the last year reliability was provided through the PJM “power pool,” a typical residential customer paid about $1 a year for reliability operating costs. The budgeted cost is the same in 2006. 
�


A1

Ability to share resources
reduces required reserve
margins

Organized Competitive Wholesale Markets

—

Reduce Costs to Customers 9

Prices are lower than they
would have been under

regulation

PJM’s breadth increases
access to lower-priced,
diverse supply
resources

The average residential customer pays about 24 cents a month
for PUM’s broad array of reliability and market services.
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Presenter Notes
Presentation Notes
Competitive wholesale electricity markets benefit customers by increasing efficiency and reducing costs. 

As PJM has integrated new areas, it has been able to lower the level of reserve margin it requires (the extra capacity required above expected load to deal with unexpected events). In the Mid-Atlantic region, the ability to share reserves has allowed the reserve margin to be that competition serves customers better than the more tightly regulated market structure would have. Careduced by about 2,000 MW, which translates into savings on capacity payments.
Independent estimates of the effect of increased competition in the electric market strongly indicate mbridge Energy Research Associates has concluded that today’s actual prices are below the estimate of what regulated prices would have been absent the competitive market structure.  Customers across the United States paid $33 billion (in 1997 dollars) less during the 1998 to 2004 time period in the more competitive regulatory market than they would have under the more tightly regulated structure.
PJM’s scope opens the door to more diverse supply resources. For geographic areas that import more power, higher trading activity will typically provide lower-cost power and increase the diversity of power sources.  For areas that export more power, increased trading is an opportunity to maximize the use of existing resources or to build new capacity. 

The consumer pays only about 24 cents a month for the many benefits PJM provides. 


= % Organized Competitive Wholesale Markets

Regional Planning Process @@
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Presenter Notes
Presentation Notes
PJM performs regional planning through the Regional Transmission Expansion Planning (RTEP) process. The process identifies what transmission system upgrades are needed to meet customers’ operational, economic and reliability requirements.  It evaluates the feasibility, effect and cost of transmission upgrades and other projects that can mitigate system constraints and reliability problems.  
RTEP employs a holistic regional approach that  enables more efficient decisions about transmission grid expansion.  
In 2005, PJM extended the planning horizon to 15 years from 5 years to enable more robust planning for reliability improvements and for upgrades that support economic sales of power across the region. 
Experience shows that PJM’s planning process works. Transmission investments approved through PJM’s RTEP process since 2000 total nearly $2 billion. This includes $1.3 billion in reliability-system upgrades and $533 million in upgrades to interconnect new generation. The generation-related upgrades consist of projects adding about  17,000 megawatts of new generation.


PJM Market Implementations
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PJM Market Design Philosophy

Market prices

reflect actual

operating Financial product Information

conditions development transparency

Market incentives — market participants are partners with
RTO to maintain reliability through price signals

Price
rationalization

Result for physical market participants:

* Transmission hedges more » Transfer capability of
valuable than congestion transmission system is
exposure maximized

Bilateral trades
properly form the
bulk of market
activity
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Presentation Notes
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Market design principles – still true/current




PJM Markets

PJM GRID PJM FINANCIAL
OPERATIONS MARKETS MARKETS

% Real-Time Day-Ahead
Market Market

Reliability
Pricing Model|
Ancillary /

Services PJM Long-Term
FTR Market
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Presenter Notes
Presentation Notes
CS team – updated Jan 2019


1998 & 1999: Real-Time Energy Market &
é/ Financial Transmission Rights
 The beginning...
— F. C. Schweppe’'s LMP
— Hogan’s FTRs

« LMP provides the most direct, efficient price signal of the
value of electricity

— The energy market is designed such that a supplier
maximizes their revenue by following PJM'’s dispatch
instructions.

— There are shortcomings, though.
« FTRs insulate loads from the costs of congestion
— At this time they settle against RT LMPs.

Background: Excitement for deregulation resulting in irrational over-
build of generation.
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é/ 2000: Day-ahead Energy Market

« Rationale for implementation...

1. Risk mitigation
2. Increase competition (virtual trading)
3. Facilitate forward contracting

« Two-settlement provides stronger incentives to follow Real-time
dispatch

« Positions taken in the Day-ahead Market are liquidated in Real-
time

« Largely unchanged (except for timing) since 2000

PJM©2024




2 2015: Reducing Day-ahead Market Clearing Time

* Reducing the Day-ahead Market solution time reduces the price-
risk gas generation owners are exposed to

* Reducing this risk hypothetically resulted in a reduction in the
risk adders included in offers

* A modest reduction in offer prices of

gas units will result in significant Gas Generator Cost Savings
overall cost savings Offer Reduction (millions)

0.5% $38.8
1.0% $77.7
3.0% $233.1
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é/ Regulation Market Evolution

Moved to an RTO regulation market
PJM has two regulation « Between 2002-2005 PJM footprint expansions, calculated
signals: Regulation A regulation by zones and aggregate zones
and Regulation B (for  Requirement was 1% of on/off peak load forecast
hydroelectric units) I
2002 2004 2005 2011 2012 2013
| AP AEP,CE,DAY DUQ. DOM ATS|I DEOK EKPC

M rocs BN 2000 NN >0 BN 202 JEEN 207 3
48,444 MW —I

PEAK 133,974 MW 154,388 MW
LOAD

, FERC Order 755, Performance Based Regulation (PBR)
PJM implemented the * Implementation of performance based regulation, Regulation A and Regulation D

Regulation Market on June 1 * Able to decrease regulation requirement from enhanced regulation performance

PJM©2024
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https://www.pjm.com/-/media/committees-groups/task-forces/rmdstf/2022/20220322/20220322-item-05-history-of-regulation-market-reform-efforts.ashx

é/ Capacity vs. Energy

Capacity Energy

* A commitment of a resource to provide » Generation of electric power over a period of
energy during PJM emergency. time

» Capacity revenues paid to committed » Energy revenues paid to resource based on
resource independent of energy produced participation in Day-Ahead or Real-Time
by resource. energy market

* Long-term commitment « Daily / hourly commitment

* Annual / Daily product * Hourly or real-time product

Capacity, energy & ancillary services revenues are expected, in the long term, to meet the fixed and variable costs of
generation resources to ensure that adequate generation is maintained for reliability of the electric grid.
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é/ 2006/2007: Reliability Pricing Model

* The excitement for deregulation resulting in the irrational over-
build of generation had stopped.

* Load kept growing though.

 PJM planning detected reliability violations in certain areas of the
footprint due to resource adequacy issues.

* No long-term price signals indicating the need for new capacity
In a specific location.

— LMPs only cover a portion of a resource’s revenue.
* No resources being built.

PJM©2024



épjm PJM’s Markets Work Together

Resource Transportation Day-Ahead Real Time Ancillary
Adequacy Market Ops. Services

B0

Fixed Resource
Req. Alternative

(Self Supply)

?f{ SpESE OO 1year f( = 1day X 5 min. X5 min.
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What’s next?
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g/ Price Formation: Shift in Costs and Need for Change

100% Percent of Total Wholesale Cost
80% B N
° \—— e \
ea» Energy
60% +—— e Capacity

e Ancillary Services
Generator units’ recovery of total costs

40% is shifting to Capacity Market
o P  —
20% e —— 7
0%

2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016 2017

*Proper price incentives and resource attributes achieved when cost recovery properly proportioned between different markets
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Presenter Notes
Presentation Notes
*Energy Prices have declined because of a fuel and technology shift, increased zero marginal cost resources, and greater efficiency
How can energy and reserve market prices more accurately reflect the scarcity value of electricity? 
 
How can the energy and reserve market prices reflect the value of flexibility and other useful resource attributes? 

How well-aligned are energy-market and reserve-market price formation when a greater proportion of generating units’ recovery of total costs is shifting to the capacity market? 



é/ Subsidies are more difficult...

Challenges

1. Subsidies result in out of market payments
from government

2. Suppresses market clearing prices

~ Detrimental effect to merchant assets wholly [ 4 m\:_h i
dependent on the market for survival “Hud]”mm Jﬂ_m‘m Mgy 1
3. Pushes out the economic entrant 0 [HE":::'% “\

— New, more efficient, resources are kept out of
the market by maintaining uneconomic
resources
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A1

PJM Design Concepts

Capacity Market Repricing to account for Subsidies
— (Rejected by FERC)

www.pjm.com | Public

Restated Capacity
Price = $40

Key Point:
The theoretical “best” solution

might not always be achievable in

the “Real” world

Uncompetitive offers replaced by
competitive reference price offers

7
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é/ PJM Design Concepts

Energy Market Price Formation
— Fast-Start pricing implemented in 2020

Today: Only flexible units Alternative: Any unit
allowed to set price needed can set price

o
0
o
0

| N S N N N S | [ I

:/)</

20: Uplift

LMP ($/MWh)
h
©

LMP ($/MWh)
I\
O

N

20 Opportunity
Cost
100 200 300 A00 100 200 300 400
Load (MW) Load (MW)

Inflexible unit offer: 100 MW @ $40
Flexible unit offer: $20 + $0.1/ MW
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é/ PJM Design Concepts

Carbon Pricing
— Under Review

Carbon price sub-region R Non-Carbon price sub-region
--------------- 5
: c sy l Load
@ w35
= $7 ---------------- “"
> N /{3?‘ ya '
W

ﬁ)1®®@ ﬂj

s Load < $5
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= % Lessons Learned — Tim's Point of View

The PJM Markets continue to evolve and change but what
have we learned?

* Firstis not always best

« Collaboration with neighbors and industry is critical

« The perfect solution is not always the best solution

 Don’t overcomplicate rules

PJM©2024




é/ Continuing Industry Evolution
H ENEEEEEE l- I- ||
Evolution of Supply o @ TE= W) '..L”mm
Less flexible ®» Intermittent Less capability to

provide power grid services

Evolution of Demand m "/1\\F @

Technology »  Alternative Enhanced capability to
enabled flexibility resource growth provide grid services

Market Evolution fﬁ m

Improvementin  #  More real-time = Development of
optimization and markets to reward Forward Demand
control systems consumer flexibility Response Control Signals
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Presenter Notes
Presentation Notes
What’s next conversation….


é/ Industry Paradigm Shift
Unprecedented number of Changes In the power industry

-

1|1 |I|I|T|]’ ][
Storage and Changing Regulatory

renewables fuel mix uncertainty

Energy efficiency

© oih

Renewable and

distributed energy Cybersecurity Customer
resource and system behavior and
integration resiliency choice
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Presenter Notes
Presentation Notes

�PJM is uniquely able to leverage challenges into opportunities . . . and then into value for our members and the region we serve.



