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Electric Utility Industry:

Then and Now
T

® Electric utilities were natural vertical monopolies

® Federal Power Act of 1992 required opening
transmission grid to competition

® In 1996 FERC Orders 888 and 889 to remedy
under discrimination In transmission

—utilities must offer transmission to third parties under
same terms they charge themselves

® Challenge: to run afree market on what isreally
one big electrical circuit




| nter connected Electric Grid

Spans North America
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What Makesthe Grid Unique?

® There is no mechanism to efficiently store
electric energy: generation must equal load

—only several seconds of kinetic energy stored

—no equivalent of busy signal, or holding pattern
® With few exceptions, there 1s no mechanism

to directly control power flow in grid

—flow Is dictated by impedance of lines

—*“loop flow” Isamajor problem




L oop Flow: Wisconsin to Florida
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Additional Grid Characteristics

T
® Transmission grid has afinite, but difficult to
quantify capability to transfer power
—limited by a number of constraints, such asline
thermal limits, voltage limits, and stability [imits
—because of |oop flow, congestion on any element
can limit power transfers in many directions
® Transmission grid must be able to withstand
statistically likely contingencies, such asline
outages




| mpact of Loop Flow: Market
Segmentation Resulting In
High Price Volatility
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Large price rises have occurred in 1999 and 2000 as well
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New Methodsfor Visualization

® Goal of presentation isto show several
methods for visualizing power system
Information

® Methods considered include
—animation and dynamic device sizing
—contouring
—data aggregation
—3D virtual environment




f East U.S. Power Flows
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System with Dynamic Sized Pie
Chartsused to Indicate L oading
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Contouring

® Contours can be effective for showing large
amounts of spatial data

—weather maps showing temperatures and
weather radar images provide good examples

—potential power system applications
® bus voltage magnitudes and angles (?)

® percent loading on transmission lines
® percent reactive power output of generators
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Northeast Voltage Contours
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Simulated LM Psfor Northeast US

Power Market
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With 85 MW Generator In
Western New York Turned On
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Line Flow Contours

T

® Next dlide contours approximately 1300 of the
345 kV and above transmission

Ines/transformers in Eastern | nterconnect

® Digplay shows about 1000 buses

® | ines/transformers loaded above 70% are

nighlighted

® Uses 30,000 bus ECAR FERC 715 Case (Fall
1998 Peak)




Storms of Congestion
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Data Aggregation

® | arge amount of power system data
requires data aggregation

® One promising approach Is flowgate idea
being advocated by NERC

® Flowgate is defined as sum of flows through
specified group of lines, transformers, or
area-to-area interfaces




Eastern I nterconnect I nterfaces
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Chicagoto TVA PTDF Contours
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| nter active 3D Visualization

® Starting point isto re-map traditional one-
lineinto 3D

—builds upon the traditional 2D one-line, familiar
to power system users

—existing one-lines can be extended into 3D to
highlight relationships between variables

—existing 2D one-lines were redrawn using a 3D
visualization language, OpenGL

—easy havigation and interaction very important
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2D Thirty Bus One-line Diagram

30-Bus Case Demo Case
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3D View of 30 Bus System

3D Cylinders show the generator reactive power outputs
and reserves
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View of Northeast Price Contours
with Line Loadings
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Conclusion

® New Visualization methods will play larger
role In restructuring electricity industry

® Interactive 3D Is apromising new technology
that should be applied to power systems

® Work isstill needed to incorporate
contingency information, which is often the
limiting constraint

®* Maor opportunity for work in power industry!




