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When the independent system operator responsible
for grid reliability and managing the wholesale
electricity market in Texas wanted to upgrade to a
more advanced nodal market model, they turned to
Ventyx.
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he restructuring of the electric

utility industry is at different

stages of evolution around the

world. The general modus
operandi is for designated system opera-
tors to be tasked with facilitating fair
transmission access for all qualified gen-
erating and load entities, while maintain-
ing system reliability. Restructuring in
North America is at an advanced stage in
which grid reliability and power exchang-
es are rigorously coordinated. ERCOT is
the independent system operator (ISO)
that is responsible for grid reliability and
management of the wholesale electricity
market in Texas. ERCOT’s decision to
upgrade its zonal market to a nodal one
has improved market efficiency and
management of transmission conges-
tion.

A nodal electricity market accounts for
the cost of congestion in transmission
lines. This means that the power at two
ends of a line, or, indeed, in every bus in
the grid, may have a different market
price = 1.

A zonal market, by contrast, ignores
congestion cost at the individual line
level and sets a single price over a very
large area of the grid. Some systems
have just one central zone while others
may have multiple zones between which
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1 Zonal and nodal electricity markets

Zonal electricity market

Nodal electricity market

the flow of electricity is naturally or artifi-
cially constrained.

It is important to note that an electricity
market is not just about buying and sell-
ing energy, it also involves the procure-
ment of various types of energy reserves,
called ancillary services (AS). Some mar-
kets have expanded even further to in-
clude the trading of congestion revenue
rights (CRR), as a hedge against trans-
mission congestion affecting location-
dependent energy prices.

Electric utility industry restructuring

Restructuring of the vertically integrated
electric utilities into a competitive indus-
try involves the creation of a combination
of competitive energy and retail markets,
as well as regulated transmission and
distribution activities = 2. Well-organized
markets for wholesale energy, ancillary
services and transmission capacity are
central components of restructuring [1].
The role of the markets is to allow trading

The earliest restructuring took place in
the early 1980s, in Chile. The privatiza-
tion of the UK electricity industry in 1990,
which was a major event in the United
Kingdom'’s restructuring, was used as a
model, or at least as a catalyst, for re-
structuring in countries such as Australia
and New Zealand, and some regions in
Canada.

In North America, the federal energy reg-
ulatory commission (FERC) Orders 888
and 889 [2,3], issued in 1996, complete-
ly changed the electricity generation,
transmission and distribution landscape.
However, these orders — although par-
tially successful — did not remove dis-
criminatory behavior by the operators of
the vertically integrated utilities. Conse-
quently, various state and federal recom-
mendations and mandates came into
force, which led to the creation of ISOs
and regional transmission organizations
(RTOs). Their task is to maintain system
reliability and manage wholesale markets

while providing fair

Well-organized markets for
wholesale energy, ancillary
services and transmission

capacity are central compo- al,
nents of restructuring.

between generators, retailers and finan-
cial intermediaries, both for short-term
delivery of electricity (spot market) and
for future delivery periods (forward mar-
ket).

transmission  ac-
cess to all partici-
pants.

Restructuring  in
Europe, at nation-
regional and
continental levels,
has also been ad-
vancing since the
1980s. Organiza-
tions such as the ENTSO-E are mandat-
ed by the European Union to facilitate
and coordinate restructuring through
standardization of market processes and
protocols. Most countries in Asia, and
some in Africa, have already adopted, or



2 Power industry restructuring
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are in the process of adopting, various
levels of restructuring.

Electricity markets

Electricity market designs generally fall
into three categories: First, there are the
vertically integrated legacy systems.
Second, there are organized counter-
trade markets with aggregate zonal
transmission systems that support trad-
ing platforms that are sometimes sepa-
rate, as well as scheduling procedures
that are only partially integrated with sys-

most RTOs and ISOs - including the new
ERCOT market — are part of this group.
These markets mostly follow the princi-
ples of so-called standard market de-
sign, including centralized unit commit-
ment and dispatch [5]. The New York ISO
and ERCOT are examples of advanced
nodal markets = 3.

As noted above, a key design difference
between the zonal and nodal models is
in the representation of the transmission
network in managing congestion and

in determining the

The day-ahead market
co-optimizes the market for
day-ahead ancillary service
capacity, certain CRRs and
forward financial energy

transactions.

tem operations. The counter-trade refers
to the activities of the system operator
who must conduct offsetting transac-
tions that undo the schedules of market
participants and thus bring the net
schedules into line with the capabilities
of the grid. This includes most European
electricity markets and the old ERCOT
market. Third, there are the organized
spot markets under ISOs who coordi-
nate dispatch in a pool setting but who
do not own the grid. They integrate real-
time trading and dispatch with system
operations. This integration caters for
the full nodal granularity of the actual
grid when determining energy flows and
regional prices [4]. In the United States,

market clearing
prices at each
node or location.
In a zonal design
the grid is orga-
nized into con-
gestion zones. To
avoid congestion
the system opera-
tor can balance
the sources of
generation.  This
reduces congestion, but only between
zones and not within zones. Nodal mar-
kets are able to address congestion
within a zone as well as between zones.
This flexibility facilitates market efficiency
and improves reliability [4].

State-of-the-art solution

Operators of wholesale energy markets,
and systems operators responsible for
balancing markets, use market manage-
ment systems (MMS) to operate their
respective electricity markets and man-
age congestion. An MMS, at a minimum,
includes an e-business infrastructure, a
set of market applications for forecast-
ing, market clearing and congestion

Texas is the largest
electricity generat-
ing and consuming
state by a consid-

erable margin.
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A nodal electricity
market accounts
for the cost of
congestion in

transmission lines.
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3 ABB has global involvement in energy markets

ABB early generation pool scheduling

[ ABB major ISO/RTO system

management, and an integration plat-
form to provide an interface to various
market and reliability entities and sys-
tems. State-of-the-art MMS solutions
developed by Ventyx teams have been
deployed at some of the largest and
most sophisticated power markets
around the world.

Components of a typical advanced MMS

include:

— Trading and e-business infrastructure,
including registration and market
publishing functions.

— Market applications, including a
market clearing engine, congestion
management, load forecasting and

contract manage-

Early results show cost savings
of millions of dollars as well as
convergence of day-ahead and

real-time prices.

ABB was the first vendor to implement a
full-fledged MMS, which was delivered to
the California independent system oper-
ator (CAISO) in 1998. This system, which
is now part of the Ventyx portfolio, was
used to operate the CAISO system reli-
ably from 1998 to 2009 and was sub-
jected to the toughest operational condi-
tions during the California Energy Crisis
in 2001. This MMS was the first system
to co-optimize energy and ancillary ser-
vices using a location-based marginal
pricing model of the New York ISO’s
nodal market. ERCOT’s nodal system is
the latest and most advanced MMS
delivered by Ventyx, with joint clearing
of energy and CRRs - a first in the
industry [6].

ment. In a nodal
market, the
leading applica-
tions for the
day-ahead market
and the real-time
market are,
respectively,
security con-
strained unit commitment (SCUC) and
security constrained economic
dispatch (SCED).
— Financial systems, including meter
data management, settlements, billing
and credit management.

Ventyx’s MMS also includes a modern
platform with a multitiered architecture
that provides for high availability through
clustering and load balancing, as well as
flexibility in the choice of hardware and
operating system = 4.

Meeting ERCOT’s Needs

ERCOT manages the flow of electric
power to 23 million Texas customers —
representing 85 percent of the state’s
electric load. As the ISO, ERCOT is re-



4 A typical MMS system
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connects over 64,000km of transmis-
sion lines to more than 550 generation
units. The installed capacity is 84 GW
with more than 10 GW of wind power.

The company also manages financial
settlements for the competitive whole-
sale market and administers customer
switching for 6.5 million Texans in com-
petitive choice areas. The market size is
$34 billion.

ERCOT became an ISO in 1996 and, as
a first step in deregulation, implemented
a zonal market in 2002. Soon thereafter,
the inefficiencies of the zonal design
began to manifest themselves. In 2003,
ERCOT was ordered by the public utility
commission of Texas (PUCT) to develop
a nodal market, with the goal of improv-
ing market and operating efficiencies
through more rapid and granular pricing.

The new market management system

The nodal market is designed to remedy

the shortcomings of the old zonal market

by:

— Scheduling, bidding and deploying at
the resource level

— Introducing resource-specific ramp
rates in dispatch and shift factors

— Maintaining direct assignment of local
congestion costs

— Implementing an integrated day-
ahead market (DAM)

ules and instructions

The features of the new market include:

— A nodal pricing mechanism for
resources; aggregated prices for
loads

— Energy and ancillary service offers
evaluated together in day-ahead for
higher market efficiency

— Centralized short-term reliability unit
commitment for greater reliability

— Resource-specific high granularity for
offers and dispatch

— New transmission hedging products
(CRR)

— Separate settlement of day-ahead
and real-time markets

— Full network model

The main components of the new
MMS include: market infrastructure, day-
ahead market, supplemental ancillary
service market, reliability unit commit-
ment, real-time security constrained
economic dispatch and competitive con-
straint testing.

Market infrastructure

The market infrastructure provides a
secure trading environment for qualifying
entities to participate in the market. It
uses a modern B2B infrastructure that
utilizes Web services and has a friendly
user interface. It includes business pro-
cess solutions for market timeline man-

scheduler handles
thousands of

rules representing

ERCOT’s security

and business logic
requirements.
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5 A nodal day-ahead market co-optimization engine will enable more efficient and cost-effective operations.
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The DAM co-opti-
mizes the market
for day-ahead
ancillary service
capacity, certain
CRRs and forward
financial energy
transactions.

agement and market rule and business
logic validation using a rules engine.

Day-ahead market

The day-ahead market co-optimizes the
market for day-ahead ancillary service
capacity, certain CRRs and forward
financial energy transactions. The co-
optimization enables cost-effective and
efficient operations.

The main engine for the DAM is an ad-
vanced security constrained unit com-
mitment (SCUC) module that performs
the market optimization, taking thou-
sands of physical bids and offers, and
hundreds of thousands of virtual bids,
into consideration. The SCUC allows
modelling of complex constraints for
units such as ramp rates, forbidden
regions, combined cycle plants and
non-convex reserves. It uses advanced
optimization and network analysis tech-
niques to ensure network security utiliz-
ing a full nodal representation and thou-

sands of contingencies. The DAM pro-

cess includes:

— Ancillary service obligation calculation

— Ancillary service insufficiency check

— Simultaneous feasibility testing for
determination of oversold CRRs

— Derating of point-to-point options
declared for real-time settlement

Supplemental ancillary service market

The supplemental ancillary service mar-
ket is used during the adjustment period
to procure additional ancillary services
capacity.

Reliability unit commitment processes

The reliability unit commitment process-
es (weekly, day-ahead and hourly) are
used to continuously evaluate and main-
tain system sufficiency and security.
These processes determine commitment
of resources to match the forecasted
system demand, subject to transmission
and resource constraints.

Security constrained economic dispatch

The security constrained economic dis-
patch (SCED) is used during real-time
operations to produce the least-cost dis-
patch for online resources to match the
total generation requirement, while ob-
serving resource and transmission con-
straints. The SCED process evaluates
energy offer curves and output sched-
ules to produce the base points for on-
line generation resources.



Competitive constraint test

The competitive constraint test is per-
formed on each potential competitive
constraint to determine if the constraint
is indeed competitive or not = 5.

The Outage Scheduler

In addition to the MMS, the solution
delivered to ERCOT includes a state-of-
the-art Outage Scheduler (OS) designed
for the restructured operations. The OS
provides efficient coordination of trans-
mission equipment outages and genera-
tion and demand resources. Planned
outages impact reliability and can
severely influence market prices. ERCOT
operators use the OS to effectively man-
age the complete life cycle of outage
requests, which can exceed 100,000 a
year. The market participants and trans-
mission operators use the OS secure
user interfaces and/or Web services to
submit and manage their requested out-
ages. The OS provides efficient method-
ology and advanced tools for configu-
rable modeling of thousands of rules
representing ERCOT’s security and busi-
ness logic requirements. The OS is fully
integrated with other ERCOT systems to
provide the required consistency and
coordination of outages across the entire
operation.

What a nodal market means for Texas
The ERCOT nodal market successfully
went live on December 1, 2010 with the
Ventyx MMS as its main engine. Opera-
tion results reflect production and regu-
lation cost savings of millions of dollars
as well as convergence of day-ahead

The market infra-
structure provides
a secure trading
environment for
qualifying entities
to participate in
the market.

and real-time prices [7]. ERCOT has re-
ported that energy costs in the Electric
Reliability Council of Texas wholesale
market decreased approximately 13 per-
cent in the first six months of the new
nodal market.

A cost benefit assessment sponsored by
PUCT [8] projects that the quantifiable
benefits of the ERCOT nodal market sig-
nificantly outweigh nodal market imple-
mentation costs. The report indicates
that the estimated net present value
(NPV) of generation cost savings over
10 years is $339 million while the overall
benefit, including those from improved
generation siting, is projected to exceed
$520 million. The report also estimates
that the new market will facilitate a sig-
nificant reduction — $5.6 billion NPV over
10 years — in consumer wholesale pay-
ments for electricity.

ERCOT wholesale electricity market

The Ventyx MMS has enabled ERCOT to
manage the new nodal market and
achieve higher levels of system reliability
and market and operating efficiencies.
System reliability enhancements are
achieved through the use of security
constrained unit commitment and dis-
patch. Increasing the frequency with
which the market-clearing price is calcu-
lated improves the market timeline from
15 to 5 minutes. The MMS is designed to
meet the challenges of the ERCOT nodal
market and it is flexible and responsive
enough to accommodate expected and
unforeseen market design changes. By
bringing a sophisticated solution to bear,
ERCOT is well positioned to meet the
challenges it faces as a leader in the very
competitive wholesale energy market.

Khosrow Moslehi
ABB Power Systems, Software
Santa Clara, CA, United States

khosrow.moslehi@us.abb.com
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