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WECC Generation Additions and Retirements 
2010-2020

WA: 15% by 2020

OR: 25% by 2025

Wind
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Geothermal
Coal

Other

WECC Generation Capacity Additions
By Resource Type 2010-2020
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AZ: 15% by 2025                           

CA: 33% by 2020

NV: 25% by 2025

CO: 30% by 2020

MT: 15% by 2015

NM: 20% by 2020

UT: 20% by 2025
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Conventional Hydro
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A Sample CAISO Winter Day in 2020
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Flexible Resources will be Essential to 
Meeting the Net Load Demand Curve
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• Flexible Generation 
• Demand Response (DR), Storage (electric & thermal),  

Distributed Generation
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Scheduling Practices 

• Capacity• Load Forecast

Balance Supply and Demand 
at all Times 

In all Balancing Areas
SupplyDemand
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• Capacity
• Energy

– Hourly 

• Reserves
– Non-Spin
– Spin

• Regulation

• Load Forecast
• VER Forecast

• Forecast DR/DER • Balancing Energy
• Ramping

New
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DR/DER: “Dancing Partner” of VER
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• Under Generation DR
• Over Generation Storage
• Time Variability “Fast” DR/DER (Short Term)
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Typical Variable Generation Data
• A 200 MW Wind Farm in Utah
• Data from May 06–June 10, 2010 

0

50

100

150

200

250

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 10
3

10
9

11
5

12
1

12
7

13
3

13
9

14
5

15
1

15
7

16
3

16
9

17
5

18
1

18
7

19
3

19
9

20
5

21
1

21
7

22
3

22
9

23
5

24
1

24
7

25
3

25
9

26
5

27
1

27
7

28
3

28
9

29
5

30
1

30
7

31
3

31
9

32
5

33
1

33
7

M
W

Proprietary and confidential.  Do not copy or distribute without permission from OATI.  © 2012 Open Access Technology International, Inc. 8

13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 10
3

10
9

11
5

12
1

12
7

13
3

13
9

14
5

15
1

15
7

16
3

16
9

17
5

18
1

18
7

19
3

19
9

20
5

21
1

21
7

22
3

22
9

23
5

24
1

24
7

25
3

25
9

26
5

27
1

27
7

28
3

28
9

29
5

30
1

30
7

31
3

31
9

32
5

33
1

33
7

Hours

0

50

100

150

200

250

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 10
3

10
9

11
5

12
1

12
7

13
3

13
9

14
5

15
1

15
7

16
3

16
9

17
5

18
1

18
7

19
3

19
9

20
5

21
1

21
7

22
3

22
9

23
5

24
1

24
7

25
3

25
9

26
5

27
1

27
7

28
3

28
9

29
5

30
1

30
7

31
3

31
9

32
5

33
1

M
W

Hours

1 Day duration

 Grid-Interop 2012



Hourly vs. Sub-Hourly Scheduling –
FERC Order 764
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Distribution/Retail Operational Issues

• Changing Load Profiles

• Demand Response

• Distributed Generation

• Distributed Storage
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Distribution Congestion
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Seams Between Bulk Power & Retail Operations

Electric
Power

Wholesale
Prices 

Wholesale Markets &
Balancing Areas

Wholesale Markets &
Balancing Areas

• Energy
• Ancillary Services
• Capacity 

• Day-Ahead
• Real-Time 

Bids & 
Offers

Physical Operational & Commercial

Awards &
Dispatch

Power Marketing &
Transmission Operations

Power Marketing &
Transmission Operations

Bulk GenerationBulk Generation

TransmissionTransmission

Proprietary and confidential.  Do not copy or distribute without permission from OATI.  @2012 Open Access Technology International, Inc. 11

Settlement
Charges

Electric
Power

Capability
Info.

Retail CustomersRetail Customers

Dispatch
Signals

Electric
Power

Retail
Price

Signals

Dispatch
SignalsResource

Capability

LSEs / UDCsLSEs / UDCs CSRsCSRs

Transmission OperationsTransmission Operations

DR / DER AssetsDR / DER Assets

DistributionDistribution
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Demand-Side Programs to Wholesale Products

Firm 
Commit-

ment
Noti-

fication

Capacity Seasonal May Yes Yes Yes Yes Yes Yes

Non-Dispatchable

Demand Resoponse

W
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Voluntary
Demand-limiting

 Control
Direct Load Control

 (DLC)

Notification

Dispatchable

Conservation 
Voltage 

Regulation
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Day Ahead Yes Yes Yes Yes Yes

Real-time Yes Yes Yes Yes Yes

30 Min Non-Spin May Yes Yes Yes Yes

10 Min Non-Spin May Yes Yes Yes Yes

10 Min Spin Yes Yes Yes

Regulation May YesW
ho

le
sa

le
 P

ro
du

ct
s

Energy

Ancillary 
Services
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Technical Requirements for Energy Products

Response Time 
/ Notice

Baseline 
Estimation

Telemetry
Real-Time 
Metering

Seasonal Yes No No

Day-Ahead Energy A day Yes No No

Real-Time Energy 1 hour Yes No No

Interruptible Load 10-30 minutes Maybe No Maybe

Product
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Capacity
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Interruptible Load 10-30 minutes Maybe No Maybe

Reliability Capacity 30 minutes to 2 hrs Maybe Maybe No

30 minute Non-Spin 30 minutes No Maybe Maybe

10 minute Non-Spin 10 minutes No Yes Yes

10 minute Spin 10 minutes No Yes Yes

Regulation 4 sec to 5 min No Yes Yes

Ramping 5 minutes No ? Yes

Balancing Energy 5-15 Minites No ? YesN
e

w
C

o
n

v
e

n
ti

o
n

a
l

A
n

c
ill

a
ry

 S
e

rv
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Pricing Predicament

Seasonal
Cap-

Zones

Day-Ahead
Real-Time
Locational

Day-Ahead
Real-Time

Zonal

Day-Ahead
Real-Time

Zonal

Capacity        Energy        Reserves      Regulation

+  Uplifts:

Wholesale Markets - ISO/RTOsWholesale Markets - ISO/RTOs

Wholesale 
Prices
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• Delivery Services Charges

• Distribution Capacity Charges

• Power Quality Charges

• Loss Compensations

• Incentives & Penalties

• Etc.

Fixed     TOU       CPP/        RTP         Net- Feed-in
Tired PTR                    Metering                     

LSELSE

UDCUDC

ESP/CSPESP/CSP

End-Use ConsumersEnd-Use Consumers

Retail
Rates
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Solution To Pricing Predicament

• Define “Services” from demand-side resources

• Different Pricing for Energy Consumption than 
Dispatched Services 

– Energy Consumption 

• Fixed, Tiered, Dynamic Rates

– Dispatchable Services (Energy, Ancillary Services, …) 

Proprietary and confidential.  Do not copy or distribute without permission from OATI.  © 2012 Open Access Technology International, Inc. 15

– Dispatchable Services (Energy, Ancillary Services, …) 

• Price (Rate) for the DR “Services” 
– Fixed Incentive, Pay-for-Performance, etc.
– Enables creating wholesale products, e.g., Balancing Energy

» Response Time
» Sustained Duration

– Measurement and Verification, and Settlement rules

• FERC Order 745 – LMP Compensation for DR
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End-to-End Integration & Interoperability
Transactive Operations Across The Operations Value Chain 

Distribution Operation

DR-DER 

SCADA / 
DMS

Power Marketing

GIS Forecasting
SchedulingEnd-User Interfaces

Balancing Area Wholesale Markets 

Forecasting
Scheduling

Optimization
Settlements

Transmission Operation

EMS
SCADA

AGC Reserves
Management

Customer Portals

Forecasting
Market

Clearing Settlements
Adequacy

Assessment
System 
Security

System
Balancing

Proprietary and confidential.  Do not copy or distribute without permission from OATI.  © 2012 Open Access Technology International, Inc. 16

Customer Services

Utility AMI
Communications

AMI 

Management
Functions

CIS

Utility Owned 
Assets

Generation Transportation

Utility Provisioned HAN or
Customer Supplied HAN

MDMS

Commercial
Industrial Thermal

Storage

Industrial Control 
Systems

Mobile Access

Residential

+         -

Electric
Storage

Secure Broadband / Cellular
Wide-Area Communications

Building Mgmt 
Systems
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“Transactive” Operations

• Typical Transactions for E2E DR Operations
– Registration and Qualifications

• Modeling Parameters

– Forecast of Available Capacity 

– Scheduling – Bids and Offers
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• By “Product” Type

– Pricing / Notification Signals

– Dispatch & Controls

– Telemetry and Metering

– Settlements
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End-to-End Interoperability Requirements

Proprietary and confidential.  Do not copy or distribute without permission from OATI.  © 2012 Open Access Technology International, Inc. 18

Smart Switch Programmable

Load Control

Load Control
Load Control
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Some of Our Current Challenges
• Seams between Wholesale and Retail Markets

— Operational
• Modeling Parameters of Retail Assets

• Accurate Forecasting of Available Capacity

• Mapping to Wholesale Products

• Metering and Telemetry

• Scheduling  protocols 
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• Scheduling  protocols 

— Pricing
• LMPs vs. Retail Pricing Signals

• Distribution Charges 

— Distribution Congestion
• Coordination with Distribution Operation

— Regulatory Framework
• Bulk Power

• Retail
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THANK YOU

Ali.ipakchi@oati.com 
763.201.2000
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