
This is another in a series of webinars created to support smart grid This is another in a series of webinars created to support smart grid 

activities of the FERC/NARUC  Collaborative.  This webinar addresses the 

hardware, technical, and policy issues regarding automation equipment 

on the customer side of the meter.
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While it is considered a critical element of Smart Grid, little information is provided in 

Title XIII, Section 1301 of the Energy Independence and Security Act of 2007 to define Title XIII, Section 1301 of the Energy Independence and Security Act of 2007 to define 

or clearly identify Smart Grid requirements for demand response.  Utility programs to 

directly control residential air conditioners and water heaters have dominated utility 

offerings since the mid 1970’s and tend to be considered synonymous with the term 

demand response.  While direct control will continue to be an option, demand 

response for Smart Grid will require fundamental changes and major expansion in the 

scope, technical structure, technology, and customer role.  

Under Smart Grid, demand response will need to provide capability to support:

• all classes of customers, 

• provide economic, reliability, ancillary services, as well as transmission and 

distribution congestion management with advance notice and in near-real time, 

and;

• provide capability to manage and integrate PHEV’s, intermittent, and other 

renewable resources

The material that follows will construct a new description of demand response 

consistent with this understanding of Smart Grid.  
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Fundamentally, smart grid is a combination of information and communication applications 
that link together generation, transmission, distribution, and customer end-use technologies.  that link together generation, transmission, distribution, and customer end-use technologies.  
The need to integrate all of the systems that generate and supply energy with customer usage 
is one of the design principles and expectations for smart grid.  System integration will be 
accomplished using information, communications, and automation systems .

This definition of smart grid is an essential starting point because it creates the foundation for 
the demand response principles that follow.   

Smart grid is not necessarily a specific  combination of parts as much as it is a process for using 
information and communications to integrate all the components that make up each electric 
system.  In fact, this description applies equally to demand response.  Demand response under 
smart grid is fundamentally a process for using information and communications to provide 
links and automate customer response. 

Smart grid system and demand response integration shares three  common objectives:

1. Promote customer choice – provide customers with information, rates and pricing, and 
technologies that will allow them to  make better usage decisions, 

2. Improve reliability – use automation on the grid and in the customer premise  as well as 
alternative generation options to improve system reliability and stability, and

3. Integrate renewables – support alternative generation and storage options that  minimize 
or reduce environmental impacts, improve overall system efficiency, and reduce carbon-
based fuel usage. 

Note:  Title XIII, Section 1301 of the Energy Independence and Security Act of 2007 describes 
smart grid as a system capable of accomplishing ten specific objectives 
http://frwebgate.access.gpo.gov/cgi-
bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf
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Demand response  (DR) has been around since the  Detroit Edison storage water heater 
program was introduced in 1934* and since that time DR has principally been defined as a program was introduced in 1934* and since that time DR has principally been defined as a 
technique for reducing peak demand.  As this definition in the FERC report illustrated, the 
definition of demand response is beginning to address other capabilities, however  even 
some of the most recent definitions still do not capture the range of applications expected to 
support smart grid.  

This definition of demand response from the “The Assessment of Demand Response & 
Advanced Metering, Staff Report”, released by FERC in February 20111 substantially expands 
on historical definitions, however  it still does not account for the full range of anticipated 
smart grid  DR applications, specifically:

• Increased electricity use : Ancillary service applications for regulation may require 
demand response to quickly increase and decrease load in response help balance system 
load.  For example, customers with refrigerated warehouses may use the storage 
capability of their facilities to quickly ramp (pre-cool) up or shed load in response to 
short-duration system needs.   The ability to increase and decrease load will be limited to 
a narrow range of customers and end-uses but could prove to be a valuable system 
resource.

• Congestion management:  Transmission or distribution congestion conditions can be 
addressed by targeting DR to specific sub-stations, line segments, and transformers, 
however wholesale and retail system prices may not provide the right trigger conditions.  
Movement to more specific locational pricing and time-varying distribution costs could 
correct this situation. To be effective, congestion management will also require higher 
saturations of controllable or responsive load on individual feeders which may require 
alternative recruitment and customer service options. 

• Renewable integration:  Again, wholesale or retail system prices will not address solar PV 
or electric vehicle integration, which will most likely require more specific transformer or 
distribution system metrics.  

* Detroit Edison introduced its first load management program in 1934 using oversized water heaters and time clocks 
that pre-heated water at night, eliminating all on-peak usage.
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This table, labeled as Figure 4.9 in the FERC Staff Report 1 , presents a list of reported potential peak load 

reduction options. The top four demand response programs, Emergency Response, Interruptible Load, Direct reduction options. The top four demand response programs, Emergency Response, Interruptible Load, Direct 

Load Control, and Load as Capacity Resource are basically emergency reliability based options which collectively 

account for 79 percent of the total U.S. peak load reduction potential.  This table was included here because it 

highlights several issues with the definition, perspective, and understanding of demand response.

Within the first four DR options, direct control programs tend to focus on residential customers, while the 

remaining program options focus on non-residential large commercial and industrial customers.  

According to the FERC report, direct load control programs are typically targeted to residential and small 

nonresidential customers, however small and medium nonresidential customers generally don’t have the 

opportunity to participate in DR options.  Load control is usually accomplished with utility control switches 

installed directly on a load (air conditioner, water heater, etc.) or with a utility-provided Programmable 

Communicating Thermostat (PCT) that replaces the existing facility thermostat.   According to the FERC report 

control signals rather than price-based radio or other communication signals sent by the program sponsor are 

necessary for effective control of the large numbers of small loads. What is difficult to reconcile is that results 

from most pricing pilots demonstrate that price not direct control produces greater load impacts.

Note:  #1-2 are traditional DR options that had their origins in some of the original PURPA pilots

Options #3-9 have really evolved from ISO markets over the last ten years.  Good examples of evolution that will 

continue.

------------------------------------------

What this table from the FERC report describes is an approach to DR that depends upon utility-centric options 

that bundle incentives (rates or payments), control technology, and control strategies to achieve a very specific 

load shape objective.  To change the load shape objective in most cases requires a major change in the ‘program’.  

This FERC listing also comingles specific DR options  (e.g. Direct Control,  Demand Bidding, and Regulation Service) 

with basic rate designs (e.g. Time-of-Use, Real-time, and Peak-Time Rebate) which tends to mask the real 

functional differences and similarities that actually characterized the components of every DR option. 

For example, how does each DR or rate option interact or impact the actual customer loads and usage patterns?  

Which loads are impacted? Do the impacts vary from one option to the next?  Do utility control strategies 

produce similar impacts from one customer to the next customer and if not how does this impact the equity and 

fairness of incentive structures?  What should distinguish one DR option from another - the  ‘program bundle’, 

the automation option, the incentive, or some combination of features? 

This lack of clarity between a ‘DR Program’ and a ‘Rate’ makes it difficult to fully identify the strengths and 

weaknesses of different approaches to demand response,  and how price or control signals and different 

automation technologies can impact customer response or be combined in innovative ways to provide both the 
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This slide provides a more detailed perspective of demand response problems.  The 

labels around the outside of this matrix categorize the problems into seven (7) labels around the outside of this matrix categorize the problems into seven (7) 

categories:

1. Customer Acceptance

2. Load Shape objectives

3. Customer participation

4. Incentives

5. Equity

6. Adaptability and

7. System Operations

Within each quadrant we’ve highlighted very specific features and issues.  
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Notes:

•What is certain is there will be uncertainty on both the utility and customer  sides of the meter until the RPS, 
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•What is certain is there will be uncertainty on both the utility and customer  sides of the meter until the RPS, 
EE, and other smart grid efforts settle out

•How do you build in flexibility to accommodate DR without wasting rate payer investments and disrupting 
customers every time a program changes?  

•One option – build in the infrastructure on the customer side of the meter to automate load and energy 
management and link that to price and event signaling capability on the utility side of the meter.

The distinguishing characteristic with all conventional demand response options is their program structure.  All 
elements of a typical demand response option are packaged together and designed from the outset to be fully 
integrated.  While integration is good, problems occur when political, economic, or regulatory issues cause the 
rate or incentives, control requirements, or other key elements to change.   The bundled approach also tends to 
limit customer flexibility  to adapt controls to work or personal situations or to substitute one load for another.

Under Smart Grid, the expanded flexibility and scope of demand response requirements, the need for 
interoperability, and need for active customer participation requires an alternative to a bundled program 
structure.  Under Smart Grid, the demand response model will be comprised of three parts:

A Technology Platform - that supports the communication and automation of price, reliability and event signals.  
Stabilizing the communication and automation platform minimizes customer investment cost, allows for a stable, 
logical integration with premise and appliance level controls, and supports continuous interoperability within the 
customer facility. 

Price, Reliability, and Event Signals – separating out the ‘signal’ (a) provides customer choice by presenting 
options that appeal to both simple operation and complex financial and economic modes, and; (b) allows the 
‘signal’ to change without also having to change the technology or other parts of the program. 

Customer Provided Automation and Control Strategies – control strategies and other options that customers use 
to reduce, shift load, or otherwise response to price, reliability, and event signals are often unique to the 
facility/premise.  Utility direct control strategies don’t do a good job of capturing the differences between 
customer preferences or values.  Smart Grid emphasizes price response, which translates into customer-
determined and managed control strategies and a shift away from utility direct control. Customer automation 
systems and customer developed response strategies produce less chance of adverse impacts and more long-
term stability.  Distributing control to the customer eliminates the need for the utility to redo the strategies each 
time a program element changes. Allowing the customer to define how they respond to a price, reliability or 
event signal customizes the response to each individual customer’s unique economic and operating environment.



Conventional DR does provide the full range of capability to address smart grid 

requirements or expectations.requirements or expectations.

More significantly, existing conventional DR substantially under performs what is 

technically feasible.
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Demand response options are consistently viewed as independent programs controlled by a utility rather than 
part of a continuum of customer response to price, reliability, and event signals.  In other words, DR is usually 

4/29/2012

part of a continuum of customer response to price, reliability, and event signals.  In other words, DR is usually 
viewed from supply perspective rather than a rationalization of utility supply and customer demand .

One of the underlying assumptions of the preceding material is that Smart Grid will require a fundament set of 
changes to existing demand response options.  This exhibit provides a roadmap that describes the continuum of 
demand response options under Smart Grid and how the options within this continuum relate to three areas; rate 
design/pricing, customer service levels, and meter and communication functional capability.  

The focal point of this slide is the multi-segment triangle located in the middle of the graphic.  This triangle 
depicts a hierarchy of customer and utility energy management options, that tend to increase in priority and 
system value as you read from left to right .  Across the top of the triangle are a series of labels that map the 
segments of the triangle to various rate forms or pricing options.  

There are three arrow scales below the triangle successively addressing (1) customer service levels, (2) granularity 
of controls, and finally (3) increasing speed of telemetry.  Again, for each of these scales, complexity, system 
value, and cost increase as you move from left-to-right. 

The green circle on the left  labeled “A” encompasses “Day-Ahead” and part of the “Real-time” category of DR 
options.  The “A” group encompasses what are considered traditional demand response options, also referred to 
as DR 1.0.  These options are generally supported by fixed incentives (participation or capacity payments) or rate 
forms (CPP, PTR, or RTP).  DR 1.0 options are typically limited to a maximum number of events,  targeted to a 
specific season and fixed block of hours.  Controlling actions are relegated to peak load shedding or load shifting 
from peak to off-peak periods.

The green circle on the right labeled “B” highlights  real-time DR applications to support balancing, spinning 
reserve, and other ancillary service applications.  These options can be facilitated by rate design and fixed 
incentive payments, however they are more likely to be associated with contractual agreements that require 
special terms and conditions that can also include fixed load reduction obligations, automated controls, and 
supplemental advanced metering, telemetry, or other special communication equipment. Based on the specifics 
of the rate design real-time pricing can be classified as both a DR 1.0 and DR 2.0 option.  For real-time pricing, DR 
2.0 opportunities require short-duration pricing intervals and short advance notice (5-15 minutes).  DR 2.0 options 
are generally available year-round and have few if any limitations on either the frequency of occurrence or time-
of-day. DR 2.0 options may only be required for 10-20 minutes at a time however, controlling actions can not only 
include load shedding and shifting, but load building.
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These load shaping objectives generally correspond to the segments of the 

1111

triangle on the preceding slide.  For example, the fist segment of the triangle 

‘daily energy efficiency’ matches the first load shaping example that illustrates 

a general lowering of usage in most hours.  Unfortunately energy efficiency 

focuses only usage, not time, consequently, a reduction in any one hour or all 

reductions grouped into a single hour would all be consistent with the 

efficiency objective, even if these changes aggregated the peak or reduced the 

load factor.

What is most significant in this slide are the Reliability and Regulation 

response, which illustrate very different load shaping objectives than what is 

usually representative of most existing utility demand response programs.   
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The prior slides have highlighted several structural and logical differences necessary 
to make demand response Smart Grid compatible.  to make demand response Smart Grid compatible.  

This slide highlight seven key differences between conventional demand response 
and what is necessary to support Smart Grid.  Two key differences are highlighted by 
the red circles, specifically:  (1) smart grid will require a move to distributed, price 
responsive control and away from direct control, and (2) demand response control 
strategies will have to consider options that integrate efficiency, reliability and 
renewables. 

Structurally, demand response needs to move toward a modular structure based on a 
technology platform that can provide an electronic automated utility-customer link.  
On the utility side, this interface will provide capability to receive price, reliability and 
event signals.  On the customer side this interface will provide a stable platform for 
connecting customer energy management and control options and smart appliances. 
This linkage can be provided by an energy management system, home automation 
system, or by capability embedded in individual appliances.  A move away from 
integrated, stand alone programs to a technology platform approach should reduce 
the cost of demand response and improve flexibility to adapt to changing needs.

Operationally, demand response needs to move toward distributed, price response 
and away from centralized direct control.  Distributed control provides greater 
potential load impacts, more flexibility and options for customers, and eliminates 
many of scale and control issues associated with implementation of very large scale 
direct control. 
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There are three conceptual approaches for developing and providing demand response 

control strategies, one characterized as direct control and two characterized as price control strategies, one characterized as direct control and two characterized as price 

response or distributed control.  

Direct control (graphic #1) has been the overwhelmingly dominant approach to demand 

response since PURPA legislation was introduced in the mid 1970’s.  With direct control, the 

utility creates and manages the control strategy, represented by a control signal that is 

usually sent directly to a switch or control logic in the targeted end-device.  Direct control 

signals mirror the command-and-control approach that utilities employ for managing power 

plants essentially telling the end-device either how much time it can run or how much time it 

is off, during each time interval.  

Price response or distributed control strategies have been historically associated with rate 

implementation, not demand response.  However, critical peak and real-time rates that can 

be dispatched, convert price signals into proxy demand response signals.  The primary 

difference with price response is that the customer is responsible for translating and acting 

upon the price, reliability or event signal. 

In graphic #2, the price, reliability or event signal is processed in a gateway device, either an 

energy management system or home automation system that the customer has programmed 

to control their energy using end-devices using these signals as activation variables.  The 

customer gateway device translates the price, reliability and event signals into control 

strategies and settings established by the customer that are passed on to the end-devices. 

In graphic #3, the price, reliability or event signals are processed directly by the end-devices.  

Again, logic in the end-devices translates the signal into a control action or setting established 

by the customer. 
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Review.
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• NIST standard #13 – Open Automated Demand Response – OpenADR

• Review
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Key Points:

� OpenADR using existing Internet infrastructure to support standardized, high 

speed communication, leverage existing security and privacy capability

� Price, reliability and event signals are posted to a server – which the customer 

listens for and reacts to.   OpenADR does not go into the customer site – this 

preserves the customer firewall and existing customer security.

� Automation equipment is integrated into the customer site – EMS, EMCS or 

control units for individual lighting or other specific loads.  This approach clearly 

cements customer buy-in and provides the foundation for building in EE and 

permanent load shifting opportunities.

� The customer determines what to control, how to control, and when to control.  

Even with that level of choice, 8 years of implementation continually 

demonstrate reasonably consistent peak reduction response.
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Purpose of this slide: 

To illustrate that eight years of broad based research, field trials, and 

commercialization activity have gone into the development of OpenADR.
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� Purpose of this slide is to illustrate another application of OpenADR, this time 

with small commercial customers and how demand response can be with small commercial customers and how demand response can be 

successfully integrated with energy efficiency.

� The SMUD pilot program in 2008 provided customers with Programmable 

Communicating Thermostats and a choice a convention direct control option 

(utility raised setpoint 4 degrees) and a Critical Peak Pricing rate where the 

customer determined how it would operate.

� While the samples were relatively small the results were statistically significant.

� The mix of utility direct control and customer-control mirrors what might 

actually occur in an offering that provides customer choice.  The combined “All 

Customer” results are significant.

� Because the Programmable Communicating Thermostats at that time did not 

have OpenADR software clients (they do now) the OpenADR price signals were   

mapped to a bridge client and rebroadcast over an FM side band to the PCT.

� SMUD integrated EE with DR by offering customers full energy audits if they 

would agree to participate in the DR pilot.  

� Energy usage was tracked prior to the pilot to create a baseline that was used to 

track energy usage during and following the pilot.  

� The DR impacts were measured from the reduced usage baselines.
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Objectives:

36

1. Can commercial buildings with HVAC DR Strategies meet non-spinning product 

requirements (10 minutes ramp, 2 hrs availability? Yes. 

2. Does it require any infrastructure changes? None. 

3. Additional cost? Telemetry.

Three buildings participating in PG&E’s Critical Peak Pricing Program successfully 

participated in CAISO’s Ancillary Services market as Non-Spinning reserves. 
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Key “Cost” bullet point - as OpenADR becomes more widely adopted, as use of 

embedded software clients expands, as EE integrated with DR,  the marginal cost of embedded software clients expands, as EE integrated with DR,  the marginal cost of 

implementation will continue to drop and eventually be insignificant.

We’re already seeing that in PCT’s with USnap based module communication 

modules. 
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