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Origins of Concept: 
DR Triggers Decision Support Tool NeededDR Triggers Decision Support Tool Needed

• California Energy Crisisgy
– Dead of winter (2000 – 2001)
– Supply shortages

C i i f li bilit– Crisis of reliability 
– Bankruptcies and emptying of state coffers 

• Financial shock to net buyers of electricity
– Unprecedented charges on settlement statements

R l d 45+ d ft th f t– Revealed 45+ days after the fact

• Concept: Clarity on wholesale charges in time for demand-side to actp y g
– Financial connection between retail and wholesale markets through settlements
– Assess charges by market product and charge code (premiums paid for what?)
– Clarify financial impact of demand response (what charges can avoid?)
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Clarify financial impact of demand response (what charges can avoid?)



What is meant by Demand Response? 

D i h i l t i itDynamic change in electricity usage 
coordinated with system or market conditions

• Facilitated through demand response programs designed to 
coordinate electricity usage with power system or market needsy g p y

• Utilizes demand-side resources
– on the end-use side of the meteron the end use side of the meter 
– can be relied on to respond in coordinated fashion 
– distributed generation, storage, dispatchable load, etc.
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Background: Status Quo
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Retail markets (the demand-side) largely 
disconnected from wholesale markets



Background: Research Investigation

Research InvestigationStatus Quo Price Focus
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Retail load aware of the financial impact 
of wholesale markets in time to trigger 
DR to mitigate wholesale costs



Relationship of wholesale and retail market prices

Retail Tariffs and DR Programs

Question for pause:  Real-time pricing of what?
Source: EPRI Report
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Q p p g
(California Energy Crisis was a crisis of Reliability)1

1. Chuang, A., “Assessing the Impact of Resource Availability on Electric Service Reliability Cost”, Electricity Journal, March 2004.



Project Tasks

• Trigger Methodology DevelopmentTrigger Methodology Development

• Information Technology Specification

• Proof-of-Concept Demonstration

R ti d P bli ti• Reporting and Publication

Specify develop and demonstrate a method for energySpecify, develop, and demonstrate a method for energy 
retailers to trigger demand response in a fashion that 

financially links retail with wholesale electricity markets 
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Industry Collaborators

+   Consultants

8© 2010 Electric Power Research Institute, Inc. All rights reserved.



Proof-of-Concept Feasibility: Project Stages
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MRTU equivalents)



Priority Ranking: Top Charge Codes

• 16 Priority Charge Codes continued or were replaced under MRTU6 o y C a ge Codes co ued o e e ep aced u de U
* MD02 Charge Code 

Number MD02 Charge Code Name MRTU Charge Code Number MRTU Charge Code Name Priority

2 Day Ahead Non-Spinning 
Reserve due SC 6200 Day Ahead Non Spinning Reserve 1

52 Hour Ahead Non-Spinning 
Reser e d e SC 6250 HASP Non-Spinning Reserve 1Reserve  due SC p g

111 Spinning Reserve due ISO 6194 Spinning Reserve Obligation 
Settlement 1

112 Non-Spinning Reserve due 
ISO 6294 Non-Spinning Reserve Obligation 

Settlement 1

115 Regulation Up Due ISO 6594 Regulation Up Obligation Settlement 1

116 Regulation Down Due ISO 6694 Regulation Down Obligation Settlement 1

High Voltage Access Charge
372

High Voltage Access Charge 
due ISO 372 High Voltage Access Charge Allocation 2

550 FERC Fee 550 FERC Fee Settlement due Monthly 2
1401 Imbalance Energy Offset 6477 Real Time Imbalance Energy Offset 3

4401 Instructed Energy 6470 Real Time Instructed Imbalance Energy 
Settlement 1

4406 Unaccounted for Energy 6474 Real Time Unaccounted for Energy 
Settlement 1

U i t t d E 6475 Real Time Uninstructed Imbalance 14407 Uninstructed Energy 6475 Real Time Uninstructed Imbalance 
Energy Settlement 1

4487 Allocation of Excess Cost for 
Instructed Energy 6486 Real Time Excess Cost for Instructed 

Energy Allocation 3

4501
GMC-Core Reliability 

Services Non-Coincident 
Peak

4501 Core Reliability Services - CRS Peak 
Demand 2

4505 GMC-Energy Transmission 
S i N t E 4505 Energy Transmission Services - Net 

E 24505 Services Net Energy 4505 Energy 2

4534 GMC-Market Usage 
Ancillary Services 4534 Market Usage - Awarded AS 2

Highest priority for proof-of-concept are Ancillary Service and Imbalance Energy 
Charge Codes
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Charge Codes. 



Approach for Developing Trigger Methodology

• Step1: Start with highest priority CCs and work down

• Step 2: Document CC formulations and identify input data
– Understand billable quantity and Price as a function of Load
– Charge = Price(Load) * BillableQuantity(Load)

• Step 3: Analyze CCs by impact of change in load on charge
– Derive ∆Charge/∆Load   “change in charge with respect to a change in load”
– Identify assumptions

• Step 4: Analyze availability of input data
– Timeframe available (operational timeframe desired)
– Source of input data (systems)

Accessibility by market participants– Accessibility by market participants

• Step 5: Devise method of estimating data not available in operational timeframes
– Historical data (e.g., from settlements or other input sources)
– Fixed fees/prices by FERC/CAISO
– Consider constancy of input data for accuracy

• Step 6: Summarize trigger method for a collection of charge codes
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p gg g
– Simplify calculations (e.g. , treat charges in groups or compute impact by similar BQ)
– Summarize assumptions



Potential Benefit: Triggering during Top 24 
Priced Intervals (1/1/08-11/30/08)Priced Intervals (1/1/08-11/30/08)
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1MW operating reserve from DR can capture $1000’s in avoided A/S Charges during top 317 hours



Potential Benefit: Triggering during Top Priced 
Intervals (1/1/08-1/31/09)Intervals (1/1/08-1/31/09)

Algorithm 1: Trigger DR during top hours 
(when imbalance energy prices exceed threshold)

Location No. of 
Top Hrs

with Prices 
Above ($/MWh)

No. Dates top 
hours occur 
across

Trigger 
impact 
during top 
hours ($/MW)

(when imbalance energy prices exceed threshold)

Algorithm 2: Trigger DR during top hours 
(when imbalance energy prices exceed threshold
but only on days with multiple top hours)

Location No. Top 
Hours

with Prices 
Above ($/MWh)

No. Days with 
multiple top 
hours

No. Top 
Intervals on 
these days

Trigger Impact 
during top 
intervals on 
these days

hours ($/MW)
NP15 100 244 58 $30,551
NP15 93 250 55 $28,827
NP15 78 260 47 $25,007
NP15 68 270 42 $22,368
NP15 55 280 36 $18,786 hours these days these days 

($/MW)
NP15 117 230 29 84 $25,557
NP15 93 250 24 60 $19,492
NP15 78 260 20 52 $17,125
SP15 105 230 24 71 $21,683

NP15 54 290 35 $18,504
NP15 49 300 33 $17,029
NP15 43 310 29 $15,206

SP15 100 235 56 $27,271
SP15 83 250 49 $25 792

SP15 105 230 24 71 $21,683
SP15 83 250 19 52 $16,902
SP15 71 260 17 46 $15,211

SP15 83 250 49 $25,792
SP15 71 260 42 $22,737
SP15 62 270 38 $20,366
SP15 51 280 32 $17,332
SP15 50 290 31 $17,050
SP15 43 300 27 $14 984

1MW DR can capture $10,000’s in avoided imbalance energy charges during peak priced 

SP15 43 300 27 $14,984
SP15 38 310 24 $13,469
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hours (for imbalance energy) on top two dozen or more days.



Requirements Specification: Guiding Principles 

• Objective of decision support tool: Use DR for short-term procurement 
ieconomics 

– decision support tool to determine impact of triggering DR on wholesale 
settlements

f f i i f d i i l h i i f i– scope of functions is for decision support tool that gives information to 
know whether in the money or not 

B i f ti G t d t d l l ti t t• Basic functions: Get data, do calculations, create report  
– Show current state, what amount of DR have available
– Show information to inform the decision

• Specification: Specify Wish List of functions and then prioritize 

• Prototype: Get something built quickly and then add more later
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Proof-of-Concept Demonstration 

Scenarios were illustrated through live demonstration.

• Scenario A: “when locations matter”
– Trigger impact calculations varied substantially for select locations– Trigger impact calculations varied substantially for select locations, 

so that it made sense to trigger DR resources in multiple locations 
but not other locations. 

• Scenario B: “when trade dates matter”
– On certain trade dates the tool indicated select hours that triggering 

demand response was estimated to be in the money. But for manydemand response was estimated to be in the money. But for many 
other trade dates this was not the case.

• Scenario C: “when charge code matter”Scenario C: when charge code matter
– On certain days the trigger impact calculations for ancillary services 

was on a greater order of magnitude than on average
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Prototype: Day-Ahead Screen
(Sacramento Valley)

Change in charge estimated for 1 
MW decrease in load scheduled (Sacramento Valley) DA, based on inputs/forecasts 

available DA

Cost of Triggering 1 MW
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Prototype: Day-Ahead Screen (Los Padres)

17© 2010 Electric Power Research Institute, Inc. All rights reserved.



Prototype: Day-of Screen
Automatically polling to show: change in 

charge estimated for 1 MW decrease in load 
triggered Day-of, based on inputs/forecasts gg y p

available day-of

Cost of Triggering 1 MW
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Future Work

• Develop “full picture” of charges p p g
– DA Energy, Capacity, AS Reliability, etc.

• Develop conceptual framework for demand-side integrationDevelop conceptual framework for demand side integration
– Consider added dimensions and facets available in markets
– connection to retail rates
– technology capabilities required 

• Implement tool using latest available data 
– Operational constraints, timeframes, interfaces, “latest MRTU data” 

intelligence 

• Demonstrate practical applications of tool
– for connecting retail to wholesale electricity markets to support a 

variety of objectives
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variety of objectives 



Conclusions

• DR Trigger Methodology assesses impact to wholesale settlements from a 
change in metered load (DR) by charge typechange in metered load (DR), by charge type.

• Importance of trigger flexibility for capturing value through DR
– Depending on the cost-impacting situation (e g Reserves Imbalance Energy etc )Depending on the cost impacting situation (e.g., Reserves, Imbalance Energy, etc.)
– System-level vs. localized distribution-level triggering (e.g., fast-charging PEV)

• Collaborative team from industry crossed traditional boundaries to bridge 
industry gapindustry gap

– Industry collaborative investigation required to bring clarity to wholesale charges
– Considerations beyond status quo

• participating load “offers to supply” vs. “demand bids to buy”participating load offers to supply  vs. demand bids to buy  
• Economic triggering of DR for reliability

• Further work needed to clarify retail/wholesale market connection
– How DR programs can be linked to the DR Triggers Decision Support tool 
– Full continuum of requirements involving customers that provide the DR resources
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Together Shaping the Future of ElectricityTogether…Shaping the Future of Electricity

Thi j t i f d d b th CEC th h th PIER P d CIEEThis project is funded by the CEC through the PIER Program and CIEE.
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