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About CES

= Cambridge Energy Solutions is a software company
with a mission to develop software tools for participants
In deregulated electric power markets.

= CES-US provides information and tools to assist market
participants in analyzing the electricity markets on a
locational basis, forecast and value transmission
congestion, and to understand the fundamental drivers
of short- and long-term prices.

= CES-US staff are experts on market structures in the
US, system operation and related information
technology
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Overview of Day-Ahead Electric Power Markets
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Financial markets with physical clearing. The
constraints on the physical transmission
system and generation engineering constraints
drive the market clearing prices in DAM and
RT, and effectively in the futures as well.

Market behavior: Profit maximization
(generators), Cost minimization (LSEs), Risk
Management &Hedging, and Arbitrage
(traders,....), System Operators!!!
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Models of Day-Ahead Electric Power Markets

= Models help the user in understanding/analyzing
the

* Price formation mechanism

* Cause/effect relationship

* Sensitivity of prices to various market drivers/changes
Market behavior

physical system (availability of supply and transportation)
demand requirements including operating reserves
market rules (market clearing mechanisms)

reliability requirement and operational rules
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DAM-Security Constrained Unit Commitment

= Minimize the total cost as bid over the 24-hours period
subject to:
o Total Operating Reserves (SR, AGC and NSR)

o All security constraints (transmission, reserves) including second
contingency constraints, if any

o Total and marginal transmission losses

o Ramping constraints, minimum up and down times
o Hourly Hydro schedules

o Hourly Imports and Exports schedules

o Pump Storage optimization

o Fixed and variable operating costs (startup, no load and variable
costs)
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DAM-Security Constrained Dispatch

= Minimize the total cost as bid in that interval subject
{o:
o Operating Reserves (AGC, Spinning)
o All security constraints
o Ramping constraints
o Hourly Hydro schedules
a Hourly Imports and Exports schedules
a All Variable Operating Costs
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Model Inputs

Hourly Demand Forecast (by node)
o ISOs and others

Generation units’ technical characteristics (capacity, ramping, heat rate shape, emission
rates, min and max gen, startup cost, MUT, MDT, Spin and QS capability, etc...)

o ISOs, EPA, EIA, etc..

Generation Units Availability and Variable Operating Cost: Fuel Prices & Marginal Costs/bids
o NYMEX
o Generation unit outages (NRC, IIR, CES, ISOs, etc..)

Transmission Topology
o [SOs

Transmission Outages and derates
o [SOs

Imports/exports (scheduled and unscheduled)
o [SOs

Renewable Generation schedules (mainly wind, then hydro)
o NOAA

Pump Storage optimization (some ISOs DAM software do not allow for optimization)

Operating reserves requirements( Spinning Reserves, Quick Start Reserves and Regulation
or Automatic Generation Control)
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Difficulties with Fundamental Modeling

= Unknowns
o Generation and Demand biding behavior including virtual bids (INCs and DECs)
o Generation units outages, forced and derates
= Uncertainty
o Inall inputs (demand, imports/exports, wind generation, etc..)
o Loopflows (some ISOs publish fixed schedules), (no loopflows in ERCOT)

o Transmission Limits ( thermal limits and reactive limits)
* Derates due to ISO assumptions (losses and reactive power flows, commercial flows, etc..)
* allocation of flowgate ratings/contractual agreements

Transmission outages (scheduled, cancelled, and forced...)
Phase Angle Regulators (PARs) settings and schedules ( fixed angle or MWs)
Pump Storage schedules ( procured in the market or not)
Reactive power and voltage stability constraints ( published after DAM closes)
Operating procedures/ special protection schemes (SPSs), etc..
o Price responsive demand?
= Dimensionality of Input data and the complexity of the SCUC
o Computing power, Speed of runs, efc...
= Staffing and skills

0O 0 0O 0 O
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Market Analysis

= These difficulties requires complex models that
address them, quantify impact of changes and
market drivers, and allow for sensitivity analysis to
uncertainties.

= Supply and Demand
o Marginal Cost
o Strategic Bidding

= |ocational Impact- Shift Factors

= (Generation and Transmission Outages (LODFs)
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Market Analysis: Supply & Demand
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Market Analysis: Supply & Demand
Strategic Bidding!

gz DayZer v5.3 b127: PJMRTO 3-9-2011 (Unit Season Winter, Constraint Season Winter, Aggregate Season Winter ) march 9 2011.dzr
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Market Analysis: Locational Impact- AP South Interface

Generation Shift Factors for Zones & Aggregates
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Market Analysis: Transmission Outages
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Market Analysis: Generation Outages

29100176(SUSQUEHA 500 - SUSQUEHA 230) Impact Report (Avg daily flow 997.06)
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Market Analysis: A Picture is worth 1000 words
LMP Heat Mag

Il Dayzer GIS Data Visualizer - [PJMRTO 3-9-2011 DA Market Total LMP (ISO)]
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Market Analysis: A Picture is worth 1000 words

Il Dayzer GIS Data Visualizer - [PJMRTO 3-9-2011 Dayzer Total LMP (DZR)]
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Market Analysis: A Picture is worth 1000 words
Power Flows

Il Dayzer GIS Data Visualizer - [PJMRTO 3-9-2011 Dayzer Total LMP (DZR)]
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FTR Portfolio- Finding

= |dentify constraints that are susceptible to large number of
fransmission or generation outages, high demand,
imports/exports or derates

= Use shift factors to identify nodes with highest impact on
constraints-- select an FTR from highest SF to lowest
negative SF

= Use line outage distribution factors LODF to identify
transmission outages with highest impact on constraints
(critical transmission outages)

= Use shift factors to identify MW impact of unit outages on

constraints (critical unit outages
Cambridge Energy Solutions ;-

A Provider of Information and Energy Solutions: i [~
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FTR Portfolio- Evaluating and Bidding

= Use expected supply and demand, market
conditions and bidding behavior to value FTRs in
DAM, and how much to bid in auction ( bid at the

low end of your expectation)

= Use LODFs and SFs to increase confidence in
selected paths and quantify sensitivity to expected
unit and transmission outages and changes in
expectations....

Cambridge Energy Solutions: ..

A Provider of Information and Energy Solutions 8=/
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Model Benchmarking
= Ultimate model benchmarking is against the market data

= The simulation results shown in the graphs reveal good

comparison to actual DAM LMPs given the following:

1. Error in zonal load forecast (uses load forecast rather than actual day-ahead
bids, allocates load among zones based on historical and among buses based
on fixed values, no virtual INCs and DECs)

2. Error in generation unit outages (except for [IR and NRC unit outages,
assumes uniform de-rating of generation units)

3. Error in bid estimation (assumes marginal cost bidding, except ERCOT), no
virtual bids ( INCs and DECs)

Cambridge Energy Solutions .

A Provider of Information and Energy Solutions s
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ISO-NE: Hub & Maine
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North and West Zones
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NY ISO: West and NYC
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PJM: Eastern and Western Hub
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ic Gas and Electric Zone
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Questions ?

Cambridge Energy Solutions

A Provider of Information and Energy Solutions
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