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Problem Formulation

Suppose ...

that a developer has
proposed a new
transmission project

— 500 kV line between Wyoming
and Southern Nevada

— Paintbrush Powerlink Project
(named after Wyoming'’s state
flower)




Problem Formulation

Paintbrush Powerlink Project




Problem Formulation

« The project is being advanced on the premise
that there is an economic opportunity, i.e. that it
would:

Facilitate export of lower cost power to higher cost power areas

Facilitate large-scale development of the local resource
potential

Facilitate lower cost compliance of state renewable portfolio
standards (RPS), after accounting for system integration costs,
line losses, and shaping

Provide other benefits such as improvements in grid reliability,
fuel diversification, security of supply, etc. ‘
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Problem Formulation

o Different analyses are needed to persuade
different stakeholders:

Creation of shareholder value
Ratepayer savings (ratepayers)

Regional market arbitrage opportunities (would-be usage rights
holders)

Consistency with policy objectives and compliance with policy
measures (policy-makers and regulators)

Environmental (air, land use, water, and vegetation and wildlife)
benefits (environmental groups and siting and permitting
agencies)

A
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Power line benefits downsized; project expected to save customers $85 million

a year, not $447 million

Problem Formulation

AEP'S CONCEPTUAL PLAN TO ACCOMMODATE 400 GW OF WIND ENERGY

WIND POWER CLASSIFICATION

Wind Resource
Power Potential
Class

Conceptual 765 kV Network
Fair Existing 765 kv
Good

Excellent New T65 kW
. Outstanding Md  AC-DC-AC Link

Superb Source: American Electic Power (AEP)

AT LEAST
WE Falmip & FOOD
USE FOR THESE
UNNECCESSARY
POWER LiNES !




Valuation Methodology

 For the purposes of this study, our focus is on
demonstrating value to the ratepayer, e.g., as part of a CPCN

application
 We further focus on one piece of the value proposition: the
potential benefits associated with facilitating export of low
cost power and increasing grid efficiency
— We will refer to these benefits as energy benefits

We will not consider the larger benefit set, nor the costs, of
our hypothetical transmission project

— Energy benefits are additive to any other quantifiable benefits (such
as those that might be had by facilitating lower cost achievement of
state RPS targets)

— The total expected project benefits can then be compared against
the cost of developing the transmission project (and expected O&M) ‘
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Valuation Methodology

We will look at a change in cost to load (i.e. consumer
surplus) to all U.S. ratepayers within the WECC
— Cost To Load = SUM (Load, * LMP,) for load bus i=1,...,n in WECC

— We will not consider changes in generator profitability or changes in
congestion costs as components of the PBPL energy benefit,
although this could readily be done

Explore PBPL value over various futures through
scenario and stochastic analysis

— We are -- in a sense -- trying to bridge the analytical gap between
resource planning and transmission planning methods

— For purposes of this study, we consider random forced outages and
load volatility only
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Valuation Methodology

We want to use a well calibrated zonal model as well as a more
detailed network model

The use of the network model allows for a better representation
of the power flows in atransmission system

— In particular, want to explore benefits under N-1 conditions, i.e. via security
constrained optimal power flow (SCOPF)

Explore one or more representative years, interpolate and
extrapolate the rest

— Building a network model for each year of the study horizon would be
extremely burdensome

— The further one goes out the more grandiose the set of assumption
— Likely to provide no more than an illusion of accuracy
Fruit of analysis is deterministic and stochastic expected
energy benefits from PBPL
— Will not take further step to determine cost-effectiveness or explore ‘

alternatives
11 ’ ‘




Implementation using AURORAXmMp

« We need atool for our energy benefits
analysis with the following capabilities:

Network model and power flow optimization

Detailed generator representation for commitment and
dispatch
Ability to treat key value drivers as random (stochastic)
variables

Advanced data management capabilities and scenario
handling

Quick simulation turn around times
A tried and true (i.e. proven) solution

e What do you say, /s ?
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Enable unserved energy generators
Ignore flow limits on radials
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Implementatlon usmg AURORAxmp

+1000 MW
Wind at Foot

. Otherwise WECC Long-Term expansion consistent
with default Resource Modifier Table (RMT) from
North American 2008-02 Database Release
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Implementation using AURORAXmMp

Random forced outages on baseload units (nuclear, coal, CCGT)

Production Cost by Iteration and Across lterations
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Implementation using AURORAXmMp

Manthly Demand Risk Factors

Demand volatility
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Implementation using AURORAXmMp
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Implementation using AURORAXmMp

e Change Sets used to manage data changes

— Second Network Definition file (.alfc) that includes the PBPL
project

« Power Transfer Distribution Factors (PTDFs)
computed once and saved to file for re-use In
stochastic studies

 Reporting Template SQL queries used to
compute CTL and other outputs of interest




Average Annual Price Contour (Heat) Map — PBPL
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Select Study Results
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Select Study Results

Annual Coridor [Interface] Flows
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Select Study Results

Cozt to Load by LF Area - PEPL vz Sans PBPL

450000000

420000000

230000000

360000000

330000000

300000000

270000000

240000000

Modal_CTL

210000000

180000000
150000000

120000000

90000000
EO000000 |:I ] |:I |:I
30000000
D ﬂ [. — . | m

40 [MORTHWES] 14 [ARIZONA | 22 [SAMDIEGD] B3 [witPA L] BOIDAHD ] B4 [SIERRA | 18 [MEVADA | 24 [SOCALIF ] 11 [EL PASO]
30[PG AND E) 26 [LADWE ] B5 [PACE ] 70 [PSCOLORA) 21 [IMPERIAL] 10 [MEW MExI] B2 [MOMTAMNA | 73 [wiAPA FLM]
LF_drea

Cost to Load by LFArea«PBPL vs-Sans PBPL

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 il




Select Study Results

Estimated Annual Energy Benefits* ($000)

Zonal Nodal

N-O N-1
Deterministic | 228,405 274,366 259,772
Stochastic (51,638) 331,128

* Change in CTL for WECC excluding California, Alberta, BC, and Baja California ‘
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Conclusions

We want to understand the potential economic benefit
from a new transmission line

AURORAXxmMp can be used as an important component of
the analysis tool set
Network model and power flow optimization
Detailed generator representation for commitment and dispatch
Ability to treat key value drivers as random (stochastic) variables
Advanced data management capabilities and scenario handling
Quick simulation turn around times
Tried and true (i.e. a proven solution)




Conclusions

 Nodal analysis allows opportunity for valuable insights

— However, many detailed assumptions need to be made
» Large effort is required to develop and validate data assumptions
— Garbage in, garbage out
— lllusion of accuracy

* As much as possible best to rely on existing regional planning efforts, e.g. TEPPC
in WECC, for long-term analyses

 Data and scenario management
— Efficient input and output data management is critical for successful analysis

— Hourly output valuable but costly to report in terms of run time and disk
space
e Can easily get over 40 billion output records and large databases (e.g. 10 GB)

— However, this should not be used as an excuse to avoid detailed validation of
results

 Memory tables can help in this regard

Use SQL Server (or MySQL) to facilitate queries and custom templates to
explore assumptions and results
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Conclusions

« More analytical opportunities not considered in this
study

— Transmission expansion & LT Capacity Expansion

« LT analysis can reflect transmission expansion assumptions and
therefore provide a consistent set of resource and transmission
expansion results

— LT, however, limited to zonal analysis
RPS compliance cost benefits
» Could be assessed using AURORAXmMp*
Emissions
Enhanced stochastics
« All key drivers represented

 Choice of number of iteration based on statistical tests
» Short- and long-term (two-factor) processes

Line loss modeling
30







