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WECC Generation Additions and Retirements
2010-2020

AZ: 15% by 2025                           

CA: 33% by 2020

NV: 25% by 2025

CO: 30% by 2020

MT: 15% by 2015

WA: 15% by 2020

OR: 25% by 2025

NM: 20% by 2020

UT: 20% by 2025

Source:   2011 WECC 10–Year Regional Transmission Plan  - Executive Summary  - Sept. 22, 2011
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Typical Variable Generation Data

• A 200 MW wind farm in Utah
• Data from May 06 - June 10, 2010 
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Wind Generation Data (BPA)
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Variable Energy Resources (VER)

• Increased need for Ancillary and Energy Imbalance Services

• The additional Ancillary/Energy Imbalance Services are needed during all 
hours of the day

– Ramping and “Slow Regulation” Services

• Conventional Generation Resources may not be adequate to meet the needs
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CAISO:  Expected Increase in Load Following 
Capacity, Regulation, Ramping Requirements 
at 33% RPS in 2020

Requirements Increase Over 2006 Levels

2006 2012 2020 2012 2020

Load Following Capacity  
(MW)

Up 2,292 3,027 4,423 735 32% 2,131 93%

Down -2,246 -3,275 -5,283 -1,029 46% -3,037 135%

Load Following Ramp Rate  
(MW/Min)

Up 150 168 325 18 12% 175 117%

Down -138 -162 -541 -24 17% -403 292%

Regulation Capacity  (MW)
Up 227 502 1,135 275 121% 908 400%

Down -382 -569 -1,097 -187 49% -715 187%

Regulation Ramp Rate 
(MW/Min)

Up 67 122 447 55 82% 380 567%

Down -66 -90 -310 -24 36% -244 370%

Source: CAISO Presentation at Renewable Integration and Product Review Forum: Folsom, CA, July 16, 2010
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Hourly Scheduling Practice

• Balancing Area Operators Require New Capabilities
- Intra-Hour Scheduling - 15-minute intervals
- Accurate Short-Term Forecast of VER
- “Slow Regulation” a.k.a. Energy Imbalance Service Product

• 1-minute Regulation Service (Up and Down) 
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Variable Generation Remedies

High Wind
Penetration  Level

Low Wind
Penetration  Level

Low
Cost

High
Cost

Real-Time Forecasting
Centralized Forecasting

Intra-Hour Flexibility
Price Responsive Load
Demand Response
Dynamic Scheduling

Simple Cycle GT
Combined Cycle GT

Pumped Storage
Batteries
Flywheels
SMES
CMES
Capacitors
PEV

Source UWIG / NREL - IBR
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Impact of 15-Minute Scheduling 
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DR/DER the “Dancing Partner” of VER
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Wind

• Under Generation Demand Response
• Over Generation Storage
• Time Variability “Fast” DR/DER (Short Term)
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Variable and Distributed Generation -
Impacts on Distribution Operation 
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24x7 x 365

Value of Demand Response

• Energy
– Load Shifting
– Peak Shaving
– Load Reduction

• Deferred 
Generation 
Investment

• Deferred T&D 
Investment

• Reduced O&M Costs

• Distribution 
Reliability

– Lower CAIDI

• Power Quality
• System Reliability

– Capacity
– Ancillary 

Services 
– Load Following
– Balancing Energy

EconomicEconomic SocialSocial

DR Benefits Overview

ReliabilityReliability EnvironmentalEnvironmental

• Improved Green 
House Gas
Reduction

• Higher Renewable 
Portfolio Standard 
Compliance

• Renewable Energy 
Credits

• Enhanced Energy 
Independence

• Enhanced Economic 
Development

• Improved Customer 
Satisfaction

• Improved Customer 
Choice
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Virtual Power Plant: 
Linking Demand-Side Capabilities to Wholesale 
Operations 

Retail Tariff
• Direct Load Control

• Time of Use, Critical Peak Price, Dynamic 
Pricing

• Commercial and Industrial Curtailment 
Contracts

• Etc.

Bulk Power Products
• Hour-Ahead Firm

• Non Spin

• Spinning  Reserves

• Ramping/Balancing Energy

Virtual Power Plant
• Grid Location

• PMAX , PMIN,   Ramp Rate

• Min/Max up and Down Time

• Incremental Cost Curve

Capability Data
Telemetry

Dispatch
Instructions

Virtual Power Plant
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Sample Scenario 

Distributed ControlsDistributed Controls
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Genetration Schedule

+/-10 MW 15-Min Balancing Energy 

Asset
Capacity 

(kW)
Diversity 

(%)
Effective 

(kW)
# of Units 

1 MW

Air Conditioner 4 25% 1          1,000 
Water Heater 3.3 10% 0.33          3,030 

Qualify, Enroll
Aggregate,
Forecast,

Schedule and Optimize,
Dispatch

7,000 A/C and 10,000 EWH

DR/DER Management 
System

Markets and BAs
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Intra and Inter Domain Transactions

Telemetry

Utility

ISO / RTO

Cleared Schedules
Wholesale Prices
DR Dispatch Instructions
Settlements

Balancing Authority

Merchant Operator

Wholesale Energy Market

Load Serving Entity 
Demand Response

Operator

Transmission System 
Operator

Distribution Operator

End-Use Customer

Demand-Side Resource

Demand 
Response
Provider

Load Forecast
DR Capacity Bids
DR Offers
Load A/S Bids

Load Forecast
DR Capability

DR Schedules & Dispatch
Settlement Allocation

DR Availability
Metering Data

Emergency Conditions

Emergency Condition

Reliability-based
DR Instructions

Cleared Schedules
Wholesale Prices
DR Dispatch Instructions
Settlements

D-Grid 
Limits

DR 
Schedules

Metering

Telemetry

Telemetry

DR Instructions
Retail Tariff Price
Billing/Settlements

DR Offers
Load A/S Bids

Instructions

Metering

Wind Power
Scheduler

Forecasts
Schedules
Bid Prices

Telemetry
R/T Data Exchange

Solar Demand 
Response

Thermal 
Storage

PHEV

DR 
Availability

Wind Farm
Operator

Accepted Bids
Dispatch Instructions

Market

Transmission

Distribution

Consumer
IPP
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OATI webDistributeOATI webDistribute

ISO/RTO Markets
Balancing Area Operators

Transmission 
Operations
(EMS/SCADA)

Generation/Merchant Ops
(Scheduling, Trading)

DR/DER Operations 
Management

Distributed/Transactive
Controls

Distribution 
Operations
(DMS/SCADA)

EV

Way Forward

Settlement 

Bridge Wholesale and Retail: 
Enrollment, Aggregation, 
Forecasting, Scheduling, 
Optimization, Dispatch, 

Settlement 

Large-Scale Transaction 
Management

Protocols, Prices, Controls, 
Information 
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Concluding Remarks: Data Related Issues

• Information Privacy Protection
- Data Access Rights - Authorization Management
- Identification Neutralization

- Data Archival Policies

• Cyber Security
- For the Different Levels of the Solution Hierarchy
- At the Seams between Systems  and Solution Layers

- Internal and external to applications 

• Aggregation, Mapping and Disaggregation
- Aggregation Based on Functional Requirements & System 

Hierarchy 
- Disaggregation on the Way Back

• Solution Architecture
- Recognition of system “seams” – Key Functional Layers 
- Integration and Inter-operability

• Data Models
- Standardization of Data Models  
- Incremental Complexity per Intended Applications
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