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APPENDIX A. ORGANIZATIONS THAT PROVIDED INPUT ON 
RECOMMENDATIONS 

American Council for an Energy-Efficient Economy 
American Public Power Association 
Apogee Interactive, Inc. 
Arkansas Public Service Commission 
Battelle-Pacific Northwest National Laboratory 
BP Solar 
California Department of Water Resources State Water Project 
California Energy Commission 
California Public Utilities Commission 
Constellation Energy 
Consumer Energy Council of America 
Cornel1 University 
Demand Response and Advanced Metering Coalition 
Distributed Energy Financial Group 
Duke Power 
East Kentucky Power Cooperative 
Edison Electric Institute 
Energy Connect Inc. 
Grid Services, Inc. 
Hunt Technologies, Inc. 
Idaho Public Utilities Commission 
Invensys Controls 
IS0 New England, Inc. 
Itron 
Louisville Gas and Electric 
M.Cubed 
National Rural Electric Cooperative Association 
New York State Department of Public Service 
PJM Interconnection, LLC 
San Francisco Community Power Cooperative 
Solar Turbines, Inc. 
Southern California Edison Company 
Steel Manufacturers Association 
SUEZ Energy NA 
The Cool Solutions Company 
The Stella Group, Ltd. 
US. Department of Energy-Building Technologies Program 
United States Demand Response Coordinating Committee 
Utilipoint International, Inc. 
Utility Economic Engineers 
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APPENDIX B. ECONOMIC AND RELIABILITY BENEFITS OF DEMAND 
RESPONSE 

This Appendix provides a more detailed conceptual discussion of the economic and 
reliability benefits of demand response than was included in Section 3. First, short-term 
market impacts are described, drawing on economic theory to show how demand 
response can result in improved economic efficiency, and distinguishing how these 
benefits are manifested under different market structures. Next, long-term economic 
benefits fiom avoided capacity investments are discussed along with issues in designing 
and implementing programs designed with this goal in mind. Differences in how short- 
term and long-term economic benefits are realized and passed on to consumers are then 
described for vertically integrated utilities and regions with ISORTO spot markets. 
Finally, reliability benefits are described along with concepts used to value them. 

Short-Term Market Impacts: Supply Costs and Market Prices 

This section provides a detailed discussion of how customer load reductions lower energy 
supply costs in the short term. First, the basic source of short-term market benefits- 
improved economic efficiency brought about by allowing consumers to make electricity 
usage decisions based on marginal, rather than average, supply costs--is described. 
Differences in how these benefits are manifested in regions with differing market 
structures are then discussed. 

Societal Benefits 

In evaluating policies or structural changes that impact how markets work, economists 
distinguish between societal gains, which benefit everyone, and financial flows that 
involve gains by some at the expense of others, called transfers. In the absence of a way 
to weigh the relative impact on individuals of gains and losses (is., a change in utility), 
economists argue that policies should primarily be judged on their net outcome, which is 
defined by the level of societal benefits (see the textbox below). 

Demand response produces societal benefits, which are resource savings, by reducing the 
gap between time-varying marginal supply costs and retail electricity rates based on 
average costs. Economic theory asserts that the most efficient use of resources occurs 
when consumption decisions are based on prices that reflect the marginal cost of supply. 
In a competitive market, this is defined by the intersection of a good's supply and 
demand curves (see Figure B-I). In electricity markets, the marginal electricity supply 
curve is constructed by ordering generators from lowest to highest operating costs (often 
referred to as "merit order'').68 Due to the technical characteristics of electricity 
generation equipment, the supply curve-the upward curving line in Figure B-1-tends 

Certain generators may be required to run, regardless of their marginal operating costs, to maintain 
reliability in areas with constrained generating and/or transmission capacity, which limits the ability of 
least-cost resources to serve local demand 
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to increase very steeply at its upper e11d.6~ This means that when demand approaches the 
industry’s installed capacity, each additional increment of demand imposes increasingly 
more cost than the previous one. In other words, the marginal cost of electricity becomes 
most sensitive to changes in demand when demand is already high?’ 

Price of t 
E1gtrKiwl 

I I 

. .  
I I  

Qx 9 
Figure B1. Inefticiencies of Average-Cost Pricing 

Like most goods, the demand for electricity exhihits declining marginal value (i.e., the 
marginal value of additional consumption declines as consumption increases). Electricity 
demand is characterized by a downward-sloping line, regardless of how electricity is 
priced. But, if the price that consumers pay never varies, demand appears to be perfectly 
inelastic, and is characterized by a vertical line. Moreover, consumers’ demand for 
electricity also depends on the time of day, with more usage typically occurring during 
the “peak” afternoon and early evening hours and less at other times. This phenomenon is 
driven by the economic activity of businesses and residential customer lifestyles and 
usage patterns, but is also influenced by electricity rates that are the same throughout the 
day. For simplicity, the two lines labeled “peak” and “off-peak” in Figure B-1 represent 
consumer demand. 

The most efficient pricing and usage of electricity is determined by the intersection of the 
supply and demand curves in Figure B- 1. In other words, during off-peak periods, the 
efficient price of electricity should equal P,a.+ and consumers would use an amount of 

The long, flat portion of the electricity supply m e  represents “base-load” power plants, such as nuclear, 69 

hydroelectricity and coal plants that have very low operating costs and are run most hours of the year 
Base-load plants are typically large with similar characteristics. The steeply inclining portion of the supply 
curve represents “peaking” plants that are used to meet peak demand needs and may be run only a few 
hours per year. These plants are typically natural gas- or oil-fired combustion turbines that are less 
expensive to build than most base-load technologies hut have higher operating costs. Peaking plants are 
typically smaller units with varied operating characteristics. 
’O High demands do not always lead to high prices. If the entire portfolio of capacity is available, then the 
marginal unit may be relatively low cost. The steepest part ofthe supply curve is encountered when 
demands are especially high (e.g. a heat wave) or generation is short due to forced outages, or both. 
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electricity equal to Q, and during peak hours, the efficient price should equal Ppe* and 
consumers would use Qpcar units of electricity. However, most consumem currently pay 
electricity tariffs that reflect average, rather than marginal, electricity supply costs; this is 
represented by P,, in Figure B-1. Actual usage therefore reflects the intersection of the 
demand curves with this average price, resulting in less than the social optimal usage in 
off-peak periods (Q*) and more than the social optimal usage in peak periods (Q*Fk) 
relative to the optimally efficient system. 

Economists refer to the inefficiencies that arise when retail prices do not reflect marginal 
supply costs as “dead-weight losses” or resource losses (i.e., the loss of societal welfare 
when resources are not used optimally). The resource losses from average cost pricing are 
illustrated by the shaded triangles in Figure B-1. In the off-peak period, electricity that 
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would have value to consumers if it were priced according to its marginal supply cost is 
not consumer-this represents a loss to society in economic activity that would have 
occurred but did not. In the peak period, consumen that do not pay the full marginal cost 
of power consume excessive amounts of electricity at a cost in excess of the value it 
provides them. Because this occurs at the steeply inclining portion of the electricity 
supply curve, these costs can be substantial.7' 

The short-term market-impacts benefit of demand response lies in reducing or 
eliminating this resource loss, thereby improving net social welfare. The combined 
resource loss h m  all peak and off-peak h o u e a n d  thus the potential for short-term 
demand response benefits4epends on how widely average and marginal electricity 
costs vary. For example, in a tightly constrained market, where peak demand is often 
very close to supply limits, the potential short-term efficiency benefit fiom implementing 
demand response can be substantial. 

Supulv Cost and Market Price Impacts in Regions with Differing Market Structures 

Short-term market impacts are illustrated for vertically integrated utilities in Figure B-2. 
The supply curve typically reflects the utility's supply costs, including its own generation 
plants and any incremental wholesale power purchases. If demand is forecast to be Q, 
then a demand reduction that moves consumption to QDR results in an avoided utility 
supply cost equal to the shaded area in Figure B-2. 

A 

Q Quantitycf 
Electrkily 

Figure E2. Impact of Demand Response on Vertically Integrated Utility Supply Costs 

The same load reduction produces more extensive impacts in regions with organized 
wholesale markets because of the way these wholesale markets are designed. The supply 
curve is developed by arranging generators' offer bids in merit order fiom lowest to 

'I Electricity pricing that does not reflect supply Costs results in societal losses both when costs are high, 
and when they are low. However, the extent of these losses is greater at elevated supply costs, and therefore 
correcting prices in these periods has captured the attention of policymakers and market designers. 
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highest. Because of competition among generators, generators’ offer bids reflect their 
marginal operating and maintenance costs and in some circumstances additional margins 
to recover fixed costs. LSEs also bid their expected load requirements into the market, 
producing a demand curve?’ The bid price of last generator needed to serve the LSE’s 
purchases sets the market clearing price for the whole market. This means that a demand 
reduction h m  Q to QDR not only provides the avoided variable cost savings observed for 
vertically integrated utilities (the shaded area to the right in Figure B-3), but it also lowers 
the price of all other energy purchased in the market. This second market impact, 
represented by the shaded rectangle in Figure B-3, is dependent on the level of price 
reduction-the difference between P and the new price PDR-and the amount of energy 
bought in the applicable market. LSEs typically commit their expected energy 
requirements with a mix of bilateral forward contracts with generators and purchases in 
day-ahead and real-time markets. This is represented by the dotted line in Figure B-3. 
The extent of customer savin s kom price reductions thus depends on how much energy 
is purchased in spot markets. ?i 

a, Q Quantityof 
Electricity 

Figure FI-3. Impact of Demand Response in Regions with Organized Wholesale Markets 

efit 
I variable 
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In regions with organized wholesale markets, if, over time, customers routinely respond 
to high prices by curtailing or shifting loads, then additional, longer-term savings will 
result. Thus, if demand response consistently reduces market prices and volatility, 
bilateral contract prices will also drop over time, as reduced price risk in day-ahead and 
real-time markets pushes longer-term contract prices down. This is because LSEs may be 
willing to pay less for hedged forward contracts and will buy instead from the spot 
market if generators do not offer lower forward contract prices. In this way, lower energy 

In this example, demand is represented by a vertical line for simplicity (i.e., it is p r e m e d  to be fixed). 
Currently, most LSEs bid fixed quantities of electricity in spot markets, so this characterization is 
a ropriate. 

New York, a state with organized wholesale markets and retail competition, over 50% of electricity is 
traded in day-ahead and real-time spot markets, with the rest settled in forward contracts. In New England, 
about 40% of the electricity volume is traded in ISO-NE’S spot markets, with about 60% committed in 
forward contracts. 
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prices resulting from short-term demand response market impacts can eventually extend 
to the entire market.74 

Long-term Market Impacts: Capacity Benefits 

The long-term market impacts of demand response hinge on reducing the system peak 
demand-the highest instantaneous usage by consumers in a particular market. Reducing 
system peak demand can avoid or defer the need to construct new generating, 
transmission and distribution capacity, resultmg in savings to consumers. This applies for 
both vertically integrated utilities and organized wholesale markets, although capacity 
costs are allocated differently. This benefit can be specifically elicited h m  customers 
through capacity-based demand response programs (e.g., DLC, I/C rates or ISORTO 
capacity based programs) or may result from consistent load reductions from price-based 
demand response options (e.g., RTP). For example, in a capacity-based demand response 
program, load reductions timed to reduce load from a level that otherwise would have 
established the system maximum demand can yield large benefits for all consumers. 
Historical system maximum demand, adjusted for planned reserves, establishes ongoing 
generating capacity requirements, usually on an annual or semi-annual basis. For 
example, if the maximum demand served in a control area during the past summer was 
5,000 MW, then that demand would serve as the basic capacity target for the next 
summer, to which an additional reserve margin (e.g., 18%) would be added?’ If the 
existing infrastructure were insufficient to serve the resulting 5,900 MW capacity 
requirement, additional capacity would be necessay. Since generating capacity is 
expensive, ranging from about $50,000 to over $100,000 per MW-year (depending on thc 
type and location of generating units), demand response that displaces the need for new 
infrastructure can produce substantial avoided cost savings. 

Demand response programs designed to reduce capacity needs are valued according to 
the marginal cost of capacity. By convention, marginal capacity is assumed to be a 
“peaking unit”, a generator specifically added to run in relatively few hours per year to 
meet peak system demand. Currently, peaking units are typically natural gas turbines 
with annualized capital costs on the order of $75/kilowatt-year (kW-year) (Orans et al. 
2004, Stofi 2004). Thus, if demand response programs avoid 100 MW of generating 
capacity, the avoided capacity cost savings would be $7.5 million per year in this 
example. If the total program costs were $SOkW-year, including incentive payments to 
participating customers, then other customers realize the rest as savings (e.g., $2.5 
million per year in this example), which may eventually be reflected in lower rates and 
bills. As long as there is some sharing of benefits, all customers benefit from others’ 
participation in a capacity demand response program. 

’ I  Whether or not savings from short-term market price impacts and reduced forward contract prices 
brought about by incentive-based demand response programs should be treated as societal benefits is a 
subject of controversy (see the textbox on “Distinguishing Societal Benefits from Rent Transfers”, earlier 
in this Appendix). ’’ Reserve margins vary in electricity markets across the U.S., but are typically 15-18%. 
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Transmission and distribution system capacity investments are also capital-intensive, and 
demand response that reduces local maximum demand in areas nearing infrastructure 
capacity can also provide significant avoided cost savings. 

Because the avoided capacity cost savings calculation is prospective, so is the value of a 
capacity-based demand response program. This raises issues in forecasting the timing of 
system peak demand, or the highest 10-30 load hours of the year, so that calls for demand 
reductions actually moderate system maximum demand as designed. Since forecasting 
involves errors, program administrators/sponsors must make provisions to ensure the 

'' One useful strategy may be to recruit lager numbers of customer participants hy dropping or reducing 
penalties for non-performance. Even though each customer is a less reliable source of demand response in 
the absence of penalties, the larger number of participants could increase the total expected demand 
response. The adoption of such a strategy would require evaluation of accumulated experience on the effed 
of various levels of penalties on customer performance. 
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demand response program is called often enough to effectively lower the forecast of 
system peak demand (see the textbox above). 

Timing and Distribution of Market Impacts of Demand Response 

Differences in market structure influence the timing and distribution of short-term and 
long-term market impacts of demand response in important ways. These differences are 
illustrated in this section by tracing the market impacts and resulting benefits of demand 
response in two types of market structure: 1) “vertically integrated systems”, in which a 
vertically integrated utility with a retail monopoly hnchise engages in some wholesale 
market transactions but operates in a region without an IS0 or RTO, and 2) regions with 
organized wholesale markets in which ISOsRTOs administer spot markets and retail 
competition is enabled at the state level. These illustrative combinations of retail and 
wholesale market structures reflect the current situation in many states or regions, 
although other retaiVwholesale market structures are prevalent in the U.S.7’ 

In this section, the examples suggest that the market impacts of demand response within 
organized spot markets produce benefits in a shorter timeframe than those for a vertically 
integrated, monopoly utility. 

Market Imuacts of Demand Resuonse for Vertically Integrated Utilities 

Vertically integrated utilities are responsible for making capacity investment decisions 
(whether to build new generation itself or to purchase supply contracts from other sources 
such as independent power producers), subject to regulatory oversight and approval, and 
for planning and operating the electricity grid and ensuring reliability. Retail rates are 
determined administratively, based on the average cost of supplying all three major facets 
of elecbicity production and deliveq-production, transmission and distribution-and 
expected sales volumes. Embedded in retail rates are marginal costs to supply power, 
such as fuel, operating and maintenance costs, as well as a return on investment for un- 
depreciated utility-owned generation. 

The economic impacts of demand response for a vertically integrated utility operating 
with a retail monopoly franchise are depicted in Figure B-4. Short-term demand response 
benefits may be traced as follows: 

Depending on the timing and type of demand response option, customers’ load 
changes may be integrated into the utility’s scheduling and dispatch decisions on a 
day-ahead or near-real-time basis. 
Changes in load (e.g., reductions in usage during high-priced peak periods) offset a 
portion of usage that otherwise would have been met by production &om high- 

For example, utilities in some states are still vertically integrated and retain a retail monopoly franchise 
but are part of an organized regional wholesale market administered by an IS0 or RTO (e.g., some parts of 
MISO, Vermont). 
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operating-cost power plants or purchases during the load response event (see 
Figure B-2)?* 

This lowers the average variable electricity cost, which should be manifested 
eventually as customer bill savings through lower regulated electricity rates. 

Figure B-4. Market Impacts of Demand Response for Vertically Integrated Utilities 

The utility’s return on capacity investments is recovered separately from its marginal 
costs to produce or purchase electricity and operate the electric grid. Thus, in vertically 
integrated systems, in the absence of a mechanism to reveal marginal capacity or 
reliability costs in unit operating costs, the short-term market impacts of demand 
response are limited to efficiency improvements in operating costs (including energy 
production and purchase costs) alone?’ 

In the long term, demand response that reduces peak demand growth directly averts the 
need for utilities to build more power plants, power lines and other capacity-driven 
infrastructure or to buy new capacity and energy from other suppliers (see Figure B-4). 
Because capacity investments are usually fully recovered-along with a pre-established 
return on investmen-through higher retail electricity rates, these long-term benefits are 
realized over a multi-year period and can result in significant savings to consumers. 

In vertically integrated, stand-alone utility systems, demand response is most useful to 
improve generation and transmission asset usage, avoid new capacity construction or 
purchases, and create more flexibility to assure reliable system operations. This 
influences the types of demand response programs preferred by vertically integrated 
utilities, as well as how they value and compensate demand response program 
participants. 

’’ The converse is true for increases in load at times when the marginal cost of electricity is lower than the 
average retail price. ’’ Some utilities quantify the marginal value of reliability in their RTP tariffs quoting hourly prices to 
participants for changes in their usage from an established base amount; those hourly prices contain an 
explicit ($/kWh) marginal reliability (outage cost) element to reflect exigent reserve conditions (Barbse et 
al. 2004) 
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Market Impacts of Demand Response in ReEions with Organized Wholesale Markets 

About 60% of U.S. load is served by utilities or load serving entities that operate in 
regions with wholesale markets administered by ISOs/RTOs. Retail competition is also 
allowed in many of the states in these regions. These last-price wholesale electric 
commodity markets pay all competitively dispatched load a price determined by the last 
successful bid, which also sets the market clearing price. The market clearing price 
covers operating or production costs for the dispatched load (if each generator bids at 
least its marginal supply cost). If supply is very tight relative to demand, spot market 
energy prices will rise as more expensive units set the market clearing price. As a result, 
all units get the higher price, which includes creatin8 ”scarcity rents” for suppliers with 
costs below that of the marginal, price-setting unit. Accordingly, spot energy prices 
serve as signals about whether additional supply- or demand-side capacity investments 
are needed, and what level of return to expect. 

Three organized markets (NYISO, PJM, and ISO-NE) have established capacity payment 
mechanisms to create an additional stream of revenues for generators to recoup their 
investment costs. LSEs are required to purchase capacity in these markets to meet the 
expected peak demand of the customers they serve. 

The impacts of demand response in an organized wholesale spot market are depicted in 
Figure B-5.” 

The short-term market impacts of specific demand response events can be traced as 
follows: 

Depending on the timing and type of demand response option, customers’ load 
changes may be integrated into day-ahead or real-time energy markets {as 
indicated by the arrows at the top of Figure B-5). 
Reductions in load during high-priced peak periods move marginal usage down the 
electricity supply curve (see Figure B-3), lowering market clearing prices during 
the demand response event (the event price in Figure B-5). 
This lowers LSEs’ purchasing costs in the applicable wholesale market during the 
event. These savings may be captured by the LSE initially, but ultimately a 
significant share should be passed on to their customers (LSE event energy cost in 
Figure B-5).” 

so This argument assumes that generators must recovery all of their revenue requirements and variable 
running costs, from energy sales at spot market prices. Some markets impose capacity requirements on 
LSEs that constitute a form of investment cost recovery for generators selling in those markets. 
” The Midwest IS0 (MISO), ERCOT and the California IS0 (CAISO) all do not operate capacity markets. 
” In some states, public utility commissions have adopted tariffs that specify the percent of savings that a 
regulated LSE providing default service must pass on to their customers. Eventually, competitive pressures 
should motivate LSEs to pass a significant portion of purchase cost savings to their customers. 
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Figure E-5. Market Impacts of Demand Response in Regions with Organized Wholesale Markets Figure E-5. Market Impacts of Demand Response in Regions with Organized Wholesale Markets 

In regions with organized spot markets, demand response can produce cascading positive 
market impacts in the medium or long-term, realized over months or years (see Figure B- 
5): 

Reduced average market clearing prices can reduce forward contract costs for 
LSEs; these savings are then passed on to their customers (LSE contract energy 
cost in Figure B-5) 

Reduced volatility in market clearing prices puts downward pressure on risk 
premiums incorporated into hedged pricing products offered by competitive LSEs 
(LSE hedge cost in Figure B-5) and may lower transaction prices 

Lower forecast peak demand, resulting from demand response, also reduces LSEs’ 
capacity acquisition requirements (LSE capacity cost in Figure B-5). 

Long-term market impacts are less clear in organized wholesale and competitive retail 
markets compared to a vertically integrated utility system. A vertically integrated utility 
is allowed to directly pass through its capacity investment to customers in rates and likely 
most of its purchased energy and capacity costs as well; savings realized &om demand 
response that avoids “uneconomic” investments or expenditures for peaking capacity are 
a direct source of cost savings to customers. In contrast, in organized spot markets, 
investment risk for new resources is assumed by the private sector. The combination of 
lower market clearing prices and reduced capacity requirements will dampen capacity 
investment signals, which should reduce construction of unneeded new power plants. 

In summary, because organized spot markets use energy market clearing prices to pay 
generators for operating, but often only a hct ion of the committed capacity costs, the 
long-term capacity savings benefits of demand response may not be fully monetized and 
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paid to demand response providers. Because the spot market valuation of demand 
response is linked to wholesale market clearing prices (for energy and capacity) rather 
than avoided capacity costs, this creates different payment streams and priorities between 
the two market structures. Policymakers need to recognize these differences in designing 
demand response options and evaluating benefits derived h m  market impacts under 
these different market structures. 

Reliability Benefits 

In addition to improving the efficiency of electricity markets, demand response can 
provide value in responding to system contingencies that compromise the dispatcher’s 
ability to sustain system-level reliability, and increase the likelihood and extent of forced 
outages. Electric systems in the US. conduct long-term planning exercises to specify the 
level of resources required to serve the system’s anticipated maximum load reliably in the 
long term. Typically, planning reserve margins are 15-1 8% of historic maximum system 
demand. 

System operators arrange for some of the available generation resources to serve as 
reserves to cover real-time load-serving requirements and avoid outages; operating 
reserves of 5-7% of forecast demand must be maintained at all times. The system 
operator typically uses standby generators, ready to be run in less than 30 minutes, to deal 
with abrupt changes in load or unexpected loss of generator or transmission availability. 
Demand-response based load reductions can be used to replace some of this stand-by 
generation to rebalance load and supply. 

Demand response can supplement system reliability by providing load curtailments that 
help restore reserves, providing incremental reliability benefits to the system.83 
Customers participating in emergency demand response programs receive incentive 
payments for reducing load when called upon by the system operator. They receive no 
up-front capacity payments in some program designs because they are not counted on as 
system resources for planning purposes. Instead, they are supplemental resources, the 
need for which is not foreseeable, or even likely, but possible. They represent an 
additional resource for reliability assurance, distinct &om capacity-based demand 
response programs (see the textbox below). 

83 The capacity they provide can be particularly valuable if located in what operatm call “load pockets”, 
localized areas with a shortage of available resources to serve load when a generator is out of service. 
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System operators generally dispatch emergency demand response programs only after 
exhausting all available capacity and operating reserves. When operating reserves are 
called upon to go from standby status to actually producing energy to serve load, the level 
of remaining operating reserves drops if additional replacement resources are not 
available. This is analogous to a consumer drawing down savings to pay an unexpected 
bill, leaving them more vulnerable to consequences from further unanticipated expenses. 

System operators can reduce this vulnerability by asking emergency program participants 
to curtail load, thereby reducing system demand and operating reserve requirements. This 
means that some generating resources can revert to their standby status and be ready for 
another contingency event, and can be likened to a cash infusion to restore savings in the 
consumer analogy. The curtailment allows the operator to maintam reliability at 
prescribed or target levels (Kueck et al. 2001). At the margin, this form of demand 
response provides value, although it is not priced in any market. 

Figure B-6 illustrates this impact, and provides a way to estimate these reliability 
benefits. The portrayed system has been scheduled to provide D1 units of energy 
(including required reserves) at a price of PI at a specific time.'' As the delivery time 
approaches, a system contingency arises that effectively pushes the supply curve to the 
left (e.g., a generator outage) or customer demand to the right (e.g., an unexpected surge 
in demand, as portrayed in the figure by the move from D1 to Dz), so that supply and 
demand no longer intersect. This reserve shortfall is represented by the demand curve Dz. 
Activating an incentive-based demand response program initiates customer demand 
reductions that bring system demand back to DI, thereby eliminating the reserve shortfall. 

84 It is possible that an emergency demand response program, while not explicitly designed to fulfill 
capacity requirements , may nonetheless be capable of providing some level of capacity benefits as well. 

occurs within minutes or seconds of power delivery, demand may be viewed as fued. 
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In this example, customer demand is represented by a vertical line, because in a reliability event, which 
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reliability value of 
demand reduction Price 

Quantity 
expgted 
un-served 

energy 
Figure &6. Valuing the Reliability Benefits of Demand Response 

While the price of served energy is determined by market conditions (PI in Figure B-6), 
the value of the demand reduction is defined by the decreased likelihood of a forced 
outage. Economists define the concept of value of lost load (VOLL) as the proper 
measure of improved reliability, since it reflects customer’s marginal value for electricity 
under these circumstances. The product of VOLL and the expected un-served energy 
(Em), the load that otherwise would not have been served, monetizes the value of the 
load curtailments (see the textbox below). This is represented by the shaded rectangle in 
Figure B-6 in the case where the curtailed load corresponds exactly to the amount of 
expected un-served energy. 

Emergency demand response programs can provide low-cost, incremental resources to 
preserve reliability in various market structures; at present, the most prominent examples 
are implemented by the Northeast ISOs. 
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APPENDIX C. INTENSITY OF CUSTOMER DEMAND RESPONSE 

This Appendix summarizes DOE’S review of selected studies that have attempted to 
quantify the intensity of customer response to time-varying prices and demand response 
programs. First, different types of price elasticity used to measure demand response 
intensity are introduced. Next, the results of studies that estimated price elasticities for 
large and small customers exposed to time-varying rates are summarized. Some studies 
have examined the demand response intensity of progams targeting demand response- 
enabling technologies; these results are compared next. Finally, the results of studies that 
estimated load impacts i5om direct load control programs are summarized. 

Indicators of Demand Response Intensity 

For rate options and demand response programs that elicit load modifications directly in 
response to price changes, the intensity of customers’ demand response is typically 
expressed in terms of theirprice elasticity (see the textbox below). Price elasticity 
provides a normalized measure of the intensity of customers’ load changes in response to 
price circumstances. In analyzing price response, it is important to not confuse reported 
own-price and elasticity of substitution values. Own-price elasticity is defined as the 
percentage reduction in electricity usage in response to a one percent increase in the price 
of electricity. In analyzing price response among large industrial and commercial 
customers, it is common instead to estimate the elasticity of substitution, which measures 
the propensity of customers to shift electricity usage from peak to off-peak periods in 
response to changes in relative peak and off-peak prices. The substitution elasticity is 
defined as the percentage change in the ratio of peak to off-peak electricity usage in 
response to a one percent change in the ratio of off-peak to peak electricity prices. 
Various factors may influence customers’ price elasticity, including the nominal level of 
prices. For example, some customers may be relatively unresponsive when prices are low 
but find it worthwhile to reduce load at very high prices. This characteristic of price 
elasticity has important implications for the design and evaluation of time-varying pricing 
and demand response pr~grams.’~ 

For DLC programs or other types of demand response programs where customers are not 
directly responding to a price, the intensity of customers’ response is typically measured 
in terms of an absolute or relative load impact (e.g., kW or percent load reduction). 

86 If price response increases with relative prices, then it is important to account for this factor when 
estimating how customers will respond to prices or to a demand response program incentive. A specific 
price threshold may be necessary to obtain a significant response among a group of customers. 
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same change in prices. 

A potential source ofconfusion comes from differences in how priceelasticity i s  reported. Some 
analysts report the oun-price elmicir), which is expected to be negative, since a one percent 
increase in price would be expected to cause usage to go down, allother things equal. I t  i s  a w f u l  
measure o f  how customers adjust to increases in the price of  electricity by adjusting the 
consumption of other goods. This is especially useful when evaluating longer-term adjustments to 
changes in electricity price. Other analysts report the subsrirurion elasriciry, which takes on wly 
positive values. The substitution elasticity focuses on how consumers substitute one good for 
another, or goods in different time periods for one another, when relative pr ies chunge. 
Specifically, if the price of electricity varies substantially from one time period to another, and 
customen can shiff usage among those periods, then the appropriate measure of price mponv i s  
how relative usage changes in those periods. The substitution elasticity is therefore defined LS the 
relative change in usage in the two periods (e.g., the ratio ofthe peak 10 off-peak usage) for a one 
percent change in the relative prices in those periods (the ratio ofthe off -pk to peak price). Note 
that the price term u x s  the inverse price ratio, which is why substitution elasticities are positive 
(e.& a higher peak price decreases the off-peak to peak price ratio, causing peak load to bc reduced 
and therefore the peak to off-peak load ratio to decline). 

On an absolute value basis, ignoring the sign. own-price and substitution elasticities ~ I W  similar in 
that they both measure relative changes, so a value of zero corresponds to no change in usage 
regardless of the change in price (Le., perfectly price inelastic), and absolute values progressively 
greater than z r o  indicate relatively higher price response. They are roughly similar measures of 
intensity on a nominal basis-a suhstitution or an own-price elasticity of030 both indicate 
relatively high changes in load in response to price changes. But because these two elasticity values 
measure a different characterization ofhow usage i s  adjusted lo price changes (Le., price in one 
period vs. relative prices in IWO periods), there i s  no simple way to cross-rnap reponed values. They 
should be used in the appropriate context: the own-price elasticity when the circumstances involve 
reduced electricity usage and the suhstitution when shifting from one time to another characterizes 
price response. 

In this report, substitution elasticities are always reponed as a positive number and own-prim 
elasticities as a negative number. 

Price Elasticity Estimates 

For mass-market (residential and small commercial) customen, there is an extensive 
price elasticity literature examining the load impacts h o r n  TOU rates. Not surprisingly, 
the estimates produced by these various studies span a wide range, reflecting both 
methodological differences and situational factors (e.g., related to customer 
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characteristics or program design). Caves et al. (1984) pooled data from five residential 
TOU pilots implemented in the U.S. in the latter half of the 1970s (see Table C-1). The 
average elasticity of substitution derived from this pooled data set was 0.14, but 
elasticities varied by a factor of three, from 0.07 to 0.21, depending on the household’s 
electric appliance holdings (Faruqui and George 2002). King and Chatterjee (2003) 
reviewed price elasticity estimates from 35 studies of residential and small commercial 
customers published between 1980 and 2003. They report an average own-price elasticity 
of 4 . 3  among this group of studies, with most studies ranging between 4 . 1  and -0.4. 
Several studies have also examined the intensity of residential (and small business) 
customers’ response to CPP and RTP tariffs and isolated the affect of various factors and 
customer circumstances. A recent study at Commonwealth Edison in Illinois of the first 
residential RTP pilot in the U.S. found notably lower demand response intensity than has 
been observed for small customers; own-price elasticities were 4 . 0 4  in 2003 and 4 . 0 8  
in 2004 (Summit Blue Consulting 2005). However, the weather during these two 
summers was unseasonably cool and A/C usage and hourly prices were correspondingly 
low, which suggests that the price response may be higher under more extreme 
conditions. 

An evaluation of a recent residential CPP pilot in California estimated a statewide 
average elasticity of substitution of 0.09 on cntical peak days occurring between July and 
September and reported that the average statewide reduction in peak period energy use on 
critical peak days was about 13% (Faruqui and George 2005):’ However, the elasticity 
varied by more than a factor of three across five climate zones, reflecting regional trends 
in temperature and A/C saturation (which varies fiom 7% to 73% of households). The 
study also found substantial differences between customers’ price elasticities during the 
hotter summer months (July-September) and during the shoulder months of May, June 
and October--also indicative of differences in A/C usage. 

Information on the pnce elasticity of large commercial and industrial (C&I) customers is 
based primarily on studies that examined customers’ response to RTP. These studies have 
employed several types of demand models producing different types of price elasticity 
measures and have examined variations with time of day, price level, and customer 
characteristics (e.g., business type, presence of onsite generation, number of years on 
RTP). 

*’ Impacts varied across climate zones, from 7.6% in the relatively cool coastal climate zone (e.g. which 
includes San Francisco) to 15.8% in inland, hot climates of California (Famqui and George 2005). 
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Table C-1. Demar 

Tau/ 
Cpp 

Residential 
and S d l  

commercial 

Residential 

t-- 
Med./Large 

C&I Day 
ahead (>lOokW) 
RTP 

Large C&I 

Large C&I 

t-- 
I 

Note: Elasticitv val 

Response Prog 
legion (Utility) 

us 
(utilities in five 

U.S. and 
International 

utilities) 
(various 

California 
(PGE, SCE, 

SDG&E) 

Illinois 
(Com Ed, 

Energy 
Cooperative) 

community 

GWt.&l 
:Georgia Power) 

U.K. 
(Midlands 
Electric) 

North and South 
Carolina 

(Duke Power) 

southwest us. 
southwest 
Services) 

New Yo* 
(Niagara 
Mohawk) 

(Central and 

m and Pricing Studies: 
Demand Response 

ImDsct 
(average per custonier) 
Flasrtci~ 0 1  Subawiion 
0.14 averagc; 
0.07 to 0.21 range 
depending on electric 
appliance holdillgs 
Own-Price Elasticity 
-0.3 (average of 35 
studies); 
-0.1 to 4.8 range acmss 
the studies 
Elasticitv of Substitutiap 
0.09 average (July-Sept.); 
0.04 to 0.13 range acmss 
climatezones 

Own-Price Elasticity 
-0.04 average (2003); 
-0.08 average (2004); 
-0.05 to -0.12 rangeacmss 
customer segments (2004). 

Own-Price Elastici& 
-0.01 to -0.28 range acmss 
customer segments and 
hourly price levels 

Hourh, OwmPrice 

-0.01 to -0.27 range in 
maximum hourly 
elasticities, across 
customer segments 
Averam Peak-Period Own. 
Price Elasticity 

acmss cuStOmerS 

Elasticitv of Substituth 
0.10 to 0.27mge acmss 
customer segments and 
definitions of the p k  

Elasticitv of Substitution 
0.1 1 (average); 
0.02 to 0.16 range acmss 
customer segments 

-0.01 to 4.38range 

period 

, i are the averages of all participants’ elasti 
noted. Elasticiw of substitution values are for intradav substituti’ 

timated Price Elasticity of Demand 
Comments 

Pooled results from five residential TOU pilots 
in the late 1970s Sources: Caves ef al. (1984) 
and Faruqui and George (2002). 

The authors calculated the simple average of 
own-price elasticity estimates tium 35 sbrdies of 
TOU or CPP. Soume: King and Chatterjee 
(2003) 

Population of about 1,000 residential customers, 
including mnhDl groups, in 2003/4 California 
Statewide Pricing Pilot Elasticity range acmss 
climate mnes atbibuted to differences io N C  
sabrtation (7-73%). Source: Charles River 
Associates (2005) 
Population of about 1,000 (ustomers in 2004, 
SO.121kWb nuximum hourly price. Own-price 
elasticities were reported for six different 
customer segments defined in terms of housing 
type (single- or multi-family) and A/C 
muiument tvoe (window. central. or none). . .  ,. , 
Soum Summit Blue Consulting (2005) 
PoDulatton of about I .6Ol customers. 
Elkticities were estimated for seven different 
customer segments at four different price levels, 
ranginghmS0.15 toS1.OOIkWh.Source: 
Braithwait and O’Sheasy (2002) 

Population of about 5W cusbma-s, most with 
peak demand >I MW. Hourly ownprice and 
substitution elasticities were calculated for cach 
of five different industry classifications. Source: 
Pabick and Wolak (2001) 

Population of about 50 mstomers, some with 8 
yean experience on RTP. Houdy own-ptice 
were calculated for each customer, and averaged 
over the peak period (2:0&900 pm.). Source: 
Taylorer al. (2005) 
Population of 54 cusiomers, scgmentcd into two 
groups, with firm day-ahead hourahead notice 
ofhourly prices. Elasticities estimated for each 
group and for ditferent definitions of the peak 
period. Source: Boisvcrtefd. (2004) 
Population of about 150 mstomers. Individual 
customer elasticities vary substantially within 
sectors: e.g., most manufacturing customus are 
either hiehlv m n s i v e  or notat all. Source: 
Gold& eiol. (2005) 
I at all price levels, unless otherwise 
between peak and off-peak periods, 

while own-price elasticities are the average value, unless noted as hourly. 

Braithwait and O’Sheasy (2002) analyzed data from participants in Georgia Power’s RTP 
program, the largest in the country. The authors estimated own-price elasticities for seven 
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different business customer segments and examined differences across hourly price 
levels. Most customer segments exhibited larger price elasticities at higher prices. The 
most responsive customer segment was a group of very large industrial customers (peak 
demand > 5 MW) who, in exchange for slightly lower base rates, had opted to receive 
notification of hourly prices on an hour-ahead (rather than day-ahead) basis. This group 
exhibited a price elasticity of -0.18 to -0.28 across the range of reported prices 
($O.lSikWh to $l.OO/kWh), which was double the elasticity ofany other group. The least 
responsive customer segments, consisting of smaller C&I customers that neither had 
onsite generation nor had previously participated in the utility’s curtailable rate, exhibited 
price elasticities o f 4 . 0 6  or lower at all price levels. 

A study of about 150 large customers at Niagara Mohawk estimated an average 
substitution elasticity of 0.11 among those that faced day-ahead hourly prices (Goldman 
et al. 2005). However, the average elasticity varied substantially across business 
categories (e.g., average elasticities were 0.16 for manufacturing customers, 0.10 for 
govemment/education customers, and 0.02 for health care facilities) and even more 
within them (e.g., half of the industrial customers were very inelastic, and half were 
relatively elastic). 

Studies of the large C&I RTP programs offered by Duke Power and Midlands Electric (in 
the U.K.) estimated average hourly own-price and substitution elasticities (Taylor et al. 
2005, Patrick and Wolak 2001). Both studies found a substantial range in own-price 
elasticity values over the course of the day and among customers. Among the 50 or so 
participants in Duke’s program, the average hourly price elasticity during peak period 
hours ranged h m  less than 4 . 0 1  to 4 . 3 8 .  This study also concluded that many large 
C&I customers exhibit complementary electricity usage across blocks of afternoon hours. 
That is, high prices in one hour result in reduced usage in that hour as well as in adjacent 
hours. This is consistent with industrial batch process loads that, once started must 
continue for a specified period, and with other business practices that exhibit similar 
relationships (e.g., rescheduling of labor shifts). Usage in many other hours of the day 
was found to be a substitute to the afternoon hours. The study of Midlands Electric’s 
customers also found substantial variation in the magnitude and hourly pattern of price 
elasticity among different industrial classifications. Customers in the water supply 
industry were the most price-responsive, with a maximum hourly own-price elasticity of 
-0.27, while all of the other industrial classifications in the participant population 
exhibited price elasticities of less than 4 . 0 5  in all hours. 

Impact of Enabling Technologies on Price Response 

A small number of utilities have offered pilot programs targeted at mass market 
customers that integrate CPP with enabling technology, specifically load control devices 
that receive price signals and can be programmed by customers to reduce A/C or other 
loads during critical peak periods (see Table C-2). 
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rable C-2. L# 
Enabling 

Technology 

Themstat 
rem 

Control of 
multiple 
loads 

(AIC, heat 
pump, water 
heater, pool 
pump, andlor 
appliances) 

d Response 
Target 
Market 

Residential 

SdVMed.  
C&1 

(<ZOO kw) 

Residential 

Residential 

Residenrinl 

om Enablin 
Region 
(Utiliiy) 

California 
(SDG&E) 

California 
W E )  

New Jersey 
W U )  

Florida 
(Gulf Power) 

rechnologies in Combi 
Demand Response 

Impact 
(average per 

customer) 
0.64 kW (27%) average 
peak period load 
reduction on critical peak 
davs: 0.4 kW attributed 
io enabling rchnology. 
C u ~ i o m m  wih  QO kW 
peak demand: 0.95 kW 
(14%) average peak 
period load reduction on 
critical peakdays; 
attributed entirely to 
enabling technology. 

Customers with 20-2OQ 
kW o& demand 3.1 
kW (14%) average 0eg)r 
period IO& reduc’ioh on 
critical peak days; 2.5 
kW attributed to 
enabling rechnobgy. 
Elaw i rv  of SubsllNiion 
0.3 (average) 

2.7 kW (41%) average 
load reduction during 
critical peak pe nods 
Winter: 3.5-6.6 kW 
Summer: 1.5-2.0 kW 

ktion with CPP 
Comments 

2003/2004 pilot program with about 
220 residential customers and about 
235 C&I Customers, including contml 
p u p s .  Customers had “smart 
thermostats” that could be PTOgrammed 
to raise the temperature set point during 
critical peak periods. Analysis 
distinguished behveen enabling 
technology andbehavioral components 
of price response. Peak p a i d  prices on 
critical peak days averaged S0.65kM 
for residential customBs, S 0 . 8 7 k W h  
for customers with <20 kW peak 
demand andSO.7lkWh br IargerCBrl 
customers. Source: Chades River 
Associates (2005) 

Pilot Dmeram results from summer 
1997:c:tical peak pricc was 
S0.50kWh. Source: Braithwait (ZOOO) 
Estimated msponse from cumnt 
GoodCenn Sekct pmgnm. Source: 
Borenstein et ol. (2002). 
Pilots conducted st thret AEP utilities 
in h e  early 1990s with about 600 
cusromm including coniml groups. 
Cniical peak price ranged from S0.15- 
S0.29kWh amone h e  thre  utilities. 
Source: Levy A&ci&es (1994) 

An evaluation of the recent Statewide Pricing Pilot in California sought to quantiQ the 
incremental impact of this type of technology on customers’ demand response. Groups of 
residential and small commercial participants in this pilot faced CPP and had “smart 
thermostats,” which customers could pre-program to automatically raise their temperature 
settings by a specified number of degrees during critical peak periods. The statistical 
model used in the evaluation decomposed these customers’ total load reduction during 
critical peak periods into a “technology component” (i.e., the portion of the load 
reduction attributable to use of the smart thermostat) and a “price component” @e., the 
portion attributable to manually-implemented actions). The average load reduction by 
residential customers with smart thermostats during critical peak days was approximately 
0.64 kW, approximately two-thirds of which was attributed to use of the smart 
thermostat. Among small business customers, the relative impact of the enabling 
technology was even more pronounced. 

A handful of utilities elsewhere in the U.S. have implemented residential CPP pilots in 
which participants were provided with thermostats that they could program to control 
their A/C and other appliances (pool pumps, heat pumps, and electric water heaters) 
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during critical peak periods. Studies of these programs have typically found that 
participants exhibited a relatively high intensity of demand response. For example, an 
analysis of GPU’s pilot (in New Jersey) measured a substitution elasticity of 0.3, which is 
higher than most elasticity of substitution values estimated fiom residential TOU pilots 
(Braithwait 2000). Studies at Gulf Power and American Electric Power (AEP) where 
multiple loads could be controlled in response to critical peak prices reported that 
average load reductions among a sample of customers were in the 35-40% range (Levy 
Associates 1994). 

Load Impacts from Direct Load Control 

Approximately 180 U.S. utilities (out of the 1,118 investor-owned, municipal, and rural 
cooperative utilities that reported demand-side management efforts) report that they 
currently offer residential DLC programs that primarily target specific a liances, such as 
air conditioners or water heaters, of mass market customers (EL4 2004). Vanous 
control strategies (e.g., cycling the device on and off at a specified frequency, shutting the 
device off, or resetting a thermostat set-point) are utilized during prescribed conditions 
depending on end use, control equipment vintage, and program designE9 Several of these 
programs have conducted relatively recent measurement and evaluation studies with 
results that are publicly available. In DLC programs, because the utility controls the 
switch, the customer cannot be said to exhibit price response, per se, although the change 
in the customer’s load is measurable. The most appropriate measure of demand response 
impact for this program type is simply the average or expected load reduction (in absolute 
or percentage terms), rather than the price elasticity. 

Table C-3 summarizes the measured impact from selected evaluations of DLC programs 
that targeted customers with air conditioning or water heating load control devices. The 
results indicate the range of possible load impacts, although the individual values are not 
readily comparable because of the differences in program design features, cycling 
strategies, and climate. DLC programs targeting residential A/C have reported load 
reductions ranging &om approximately 0.4 to 1.5 kW per customer over the course of an 
event. The magnitude of the load reduction per customer can strongly depend on climate, 
the corresponding level of A/C usage that would occur absent load control, and the 
control strategy deployed (e.g. 100% shed, duty cycling). Furthermore, when customers 
have the ability to over-ride the curtailment via their thermostat, the average response per 
customer has generally been found to decline (sometimes substantially) over the c o m e  
of each event. Residential water heating DLC programs have yielded load reductions in 
the range of 0.2 to 0.6 kW per house. The magnitude and timing of the load impact 
depends on equipment size, ground water temperature and household size and operating 
use patterns. 

!P , 

Demand-side management efforts include energy efficiency andlor load management programs. 
89 In newer DLC programs, particularly those that use thermostat-based controls, customers can typically 
over-ride curtailments on an event-by-event basis, either by pushing an “over-ride” button on their 
thermostat, logging onto a program website, or calling the utility. Ifthey do over-ride a curtailment event, 
customers typically forfeit a portion of their incentive payment or are charged a penalty. 

01 
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'able C-3. 
Type of 

Program 

AIC temp. 
reset (with 
over-ride 
option) 

AIC 
cycling 
(with over- 
ride 
option) 

AIC 
cycling 
(no over- 
ride 
option) 

Electric 
water 
heater 
cycling 

.ect Loa, 
Targee 
Markei 

~ 

Residenti 

- 

Residenti 
and Sma 
hmnerc 

Re Iti 

ntrol Progra 
Region 
(Utility) 

SDG&E 

Minnesota 
(Xcel Energy) 

California 

Kentucky 
KU) 

Maryland and 
D.C. 

(PepcO) 

Oreeon 
PCE) 

Maryland 
(BGE) 

5: Estimated I.uad Imp; 
1)cmand Response 

Inipael 
(averaee Der - .  

customer) 
0.44 k W  (average); 
0.10-0.81 k W  (rnnge over 
12 events) 

0.75-0.91 k W  
(residential) 

1.01-1.43 k W  (small 
commercial) 

1.27 kW 

0.71-1.59 kW 

0.52-1.12 kW 

0.96 kW (MD) 
0.76 k W  (Dc) 

0.65 k W  

0.2 kW (at 5 PM) 
0.3 k W  (at 7 PM) 

Comments 7 
(including mntrol p u p )  with 12 test 
eventsin summer2004. SOW: KEMA- 
Xenergy (2004) 
Ranees in averaee hourlv lo& 
redGtions over; singleivent b y  with 
50% cycling. Based on 12,000 
residential customers and 2,000 
commercial customers. Source: Lopes 

Based on interval metering nt Luge 
number of custom sites; 50% cycling 
frequency. Source: Xcel EnerW(2004) 
Pilot program results from summer 
2002. The lower bound mnesponds to a 
cycling frquency of 33% and outdoor 
tempemhmof96-1000 F; heupper 
bound correspondsto acycling 
frequency of 66% and an outdoor 
tempemme of>IW F. Some: Viol& 
and Omg (2003). 
Interval metering measurements at 20 
customer sits. The lower bound 
corresponds to a cycling fieswncy of 
33% and outdoor emperature of90-95" 
F; the upper bound corresponds to a 
cycling f i u m c y  of 66% and an 

(2004) 

outdoor ICmpcnNrc of*S" F. Sourx 
Violene and Ozog (2003) 
Measured imvafl for how cndine 17.00. 
based on %year nvnage systm-peak 
day weather; 43% cycling off strntegy. 
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APPENDIX D. STANDARDS, PROTOCOLS AND PRACTICES FOR 
ESTIMATING THE BENEFITS OF DEMAND RESPONSE 

In Section 4 of this report, DOE offers several recommendations on establishing 
standardized methods and protocols and enhancing practices for estimating the benefits 
of demand response. This Appendix provides further discussion that supports these 
recommendations. 

1. DOE recommends that stakeholders collaborate to adopt conventions and 
protocols for estimating the benefts of demand response and, where appropriate, 
develop standardized tests that evaluate demand response program potential and 
performance. 

Policymakers and industry participants should develop standardized tests that are 
applicable and appropriate for the evaluation and cost-effectiveness screening of demand 
response resources. Standard Practice Manual (SPM) tests are widely used among state 
regulatory commissions and utilities to evaluate and screen energy efficiency programs 
(CPUC 2001).90 Historically, a number of states and utilities have also used these tests for 
cost-effectiveness screemg of load management programs and, recently, there have been 
some efforts to modify the SPM tests to enhance their usefulness for evaluating demand 
response resources in the context of competitive wholesale markets (CPUC 2003; 
Violette et al. 2006, Orans et al. 2004). However, there is general consensus that a more 
comprehensive evaluation framework is needed to fully capture the benefits of demand 
response (PIER DRRC, 2005). 

Some of the challenges in developing standardized tests appropriate for demand response 
are revealed by comparing energy efficiency and demand response resources. While it is 
relatively straightforward to identify and estimate the peak demand and energy reduction 
impacts of energy efficiency, this is much more difficult for most demand response 
options. Because most demand response options are relatively new, our ability to predict 
program participation rates and assess how specific program designs and dynamic pricing 
affect customer behavior is still rudimentary?‘ Moreover, many forms of demand 
response turn on behaviors that are price- or incentive-driven, and may change in 
response to changing market circumstances. Uncertainties in estimating demand response 
impacts over a multi-year period mean that demand response benefit (and cost) estimates 
are equally uncertain. 

The SPM describes several tests that evaluating demand-side management programs from various 
perspectives: Participant Test, Ratepayer Impact Measure (RIM) Test, Total Resource Cost (TRC) Test, 
and Program Administrator (formerly Utility) Test. 
” Load reduction impacts are well characterized for residential DLC programs that have operated for many 
years, although there have been issues in determining the extent to which customers remove load conhol 
switches or over-ride load curtailments. For intmptible/curtailable programs, little information exists 
from which long-term performance can be predicted. For thermostat-based programs, limited information 
gathered through several large pilots is available to shed light on customer behavior. For optional RTP 
tariffs, substantial evidence shows that customer attrition can be a si@ificant problem when major price 
shocks occur. 
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In contrast, 15-20 years of implementation experience and tens of millions of dollars 
spent evaluating energy efficiency programs has produced well-developed methods for 
forecasting market penetration and estimating first-year energy savings, expected 
economic lifetime and the persistence of savings for most energy-efficiency measures 
and programs. This task is further eased because most energy efficiency measures 
produce savings that are not dependent upon customer behavior. 

The SPM tests, which use avoided costs to characterize benefits, have shortcomings in 
the way in which they characterize the value of demand response to the electric system 
and customers. Despite recent advances, these tests are not well suited to estimating the 
value of dispatchable demand response resources. For example, SPM tests have limited 
ability to reflect the value of capacity in critical peak hours, and the potential of demand 
response to mitigate episodic, high spot market prices is therefore undervalued. Other 
aspects of demand response benefits, such as quick ramp-up (relative to constructing new 
generation resources), and reliability benefits, are also not captured by SPM tests. A more 
comprehensive analytic M e w o r k  is needed to fully evaluate and assess the benefits of 
demand response. At present, summarizing the benefits and costs for some types of 
demand response resources by means of a standardized test may be premature. 

2. DOE recommends that theseprotocols: (1) clarifi the relationships and 
potential overlap among categories of benefits athibuted to demand response to 
minimize double counting, (2) quantih various types of benefits to the extent 
possible, and (3) establish qualitative or ranking indices for benefits that are found 
to be too dificult to quantifi. 

Policymakers and analysts assessing the merits of demand response mechanisms need to 
clarify the relative importance of benefits that are difficult to quantify. 

Some demand response advocates allude to benefits, such as market power deterrence, 
risk mitigation and avoided pollutant emissions-that are not quantified but are presumed 
to be substantial (PLMA 2002; NEDRI 2003; Violette et al. 2006)?* Not only are such 
benefits difficult to quantify, but care must be taken to avoid double-counting benefits 
from other sources (e.g., market-power reduction benefits must be disentangled h m  
other market price impacts). Parties seeking to justify greater expenditures on demand 
response often assert the existence of such benefits. Policymakers, however, are often 
wary of including these benefits as criteria for designing policies to foster demand 
response. Research to determine the magnitude of these impacts and to develop methods 
for quantifying or incorporating them into benefithost analyses, without double counting, 
is needed. 

3. DOE recommends that FERC and state r ep la toy  agencies work with interested 
ISOs/RTOs, utilities, other market participants. and customer groups to examine 

’’ These nonquantified demand-response benefits are discussed in more detail in section 3 (see Other 
Benefits). 
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how much demand response is needed to improve the efficiency and reliability of 
wholesale and retail markets. 

It is appropriate for state and regional policymakers to ask how much demand response is 
sufficient for their specific market structure and system conditions. A number of demand 
response studies confm that a little demand response can go a long way towards 
improving the efficiency and operations of electricity mke t s ,  both in theory and 
practice. However, existing studies do not address how to identify optimal, or target, 
levels of demand response in specific market settings. Initiatives should be launched at 
the appropriate market level (e.g. state or region) to establish relevant goals and 
appropriate targets for demand response. 

As part of the process of determining how much demand response is needed, it is also 
important to address the appropriate mix of different types of demand response options 
(e.g. emergency demand response programs, direct load control, timevarying pricing) 
and any timing issues related to demand response resource deployment and ramp-up 
(Violette et al. 2006). Although this is not a problem today given the low participation 
rates in dynamic pricing and demand response programs, it is important to acknowledge 
that there may be a potential for diminishing returns in the value of demand response 
beyond certain levels of saturation. For example, the level of price-based demand 
response is somewhat self-limiting-if at some point demand response becomes 
widespread, customers may fmd that their savings fiom load response actions deteriorate 
as the impact of their collective response on market prices grows. 

4. DOE recommends that regionalplanning initiatives examine how demand 
response resources are characterized in supply planning models and how the 
benefits are quant9ed. More accurate characterization of certain types of demand 
response resources may require modifications to existing models or development of 
new tools. 

Resource planning methods currently used to characterize demand response resources are 
too constmining and rigid to capture the full benefits of all types of demand response 
resources. In vertically integrated systems, long-term resource planning models 
characterize demand response as a way to avoid generation (and in some cases 
transmission and distribution) investment costs. Demand response is typically portrayed 
as a generation unit, which can either be dispatched indiscriminately or with some 
restrictions on the total frequency or hours of service. This characterization does not fully 
describe the differences between generation and demand response resources. 

Certain types of demand response resources provide benefits that generation cannot. For 
example, capacity-based demand response programs can provide equivalent capacity to 
generation investments hut with greater flexibility. This is because some types of demand 
response resources can he implemented more quickly than a power plant can be sited and 
built, and customers often prefer or are willing to accept a shorter time commitment than 
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is necessary to amortize a power ~ lan t .9~  These flexibility benefits are particularly 
important from a system cost perspective that includes and explicitly accounts for the 
uncertainties in demand growth or generation unit retirement schedules and costs. 
Resource planners’ avoided cost studies should explore the implications and value of 
flexible demand response program options as both long-term and short-term operational 
resources to deal with generation load balance and transmission and distribution 
adequacy challenges. 

Moreover, long-term resource planning models often do not fully recognize or represent 
the benefits of price-based options such as RTP. RTP ties hourly retail prices to 
prevailing wholesale market supply costs. To hlly account for its potential benefits, RTP 
should be portrayed as a change in demand in response to prices, not as a resource 
dispatched to serve demand. Moreover, the RTP prices in tariffs offered by vertically 
integrated utilities often reflect both marginal supply costs and reliability value of load 
curtailments. These hour-by-hour impacts, which are carefully measured in ISORTO 
demand response program erformance studies, can get overlooked in a long-term 
resource planning exercise. 

On the other hand, peaking generation resources have some characteristics that are more 
desirable to resource planners than demand response resources. For example, system 
operators have high confidence that generation resources will come online when needed, 
whereas customers may decide not to respond when a demand response resource is 
called. This makes it more difficult to predict the precise amount of available resources 
on a given day. Another advantage of supply resources is that they can provide certain 
ancillruy services, such as voltage support and re-starting the electrical grid after a 
blackout, that demand response resources cannot. These considerations should also bs 
incorporated into planning models to appropriately characterize and assess available 
resources. 

% 

5. DOE recommends that, in regions with organized wholesale markets, ISOs and 
RTOs should work with regional state committees to undertake studies that 
characterize the bene$& of demand response under foreseeable fitture 
circumstances aspart of their regional transmission enpansion plans as well as 
under current market conditions in their demand response program peq?ormance 
studies. 

93 The capacity programs implemented by several ISOs do not involve long-term customer commitmeats 
(customers may participate for only a few months if they wish). These programs have demonstrated 
reasonably predictable and stable performance without putting “iron in the ground”-generation assets 
whose costs must be recovered over 20 years or more (”IS0 2003). Emergency programs that require no 
commitment on the customer’s part have attracted substantial participation by customers that delivered 
curtailments on a pay-for-performance basis, and are a potentially cost-effective way to increase system 
reliability. 
” Moreover, RTP may result in increased usage during off-peak periods when prices are lower. Increased 
unit utilization lowers the overall average cost of capital, another important source of benefits that may not 
be adequately reflected in current study practices. 
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In regions with organized spot markets, analytic methods focus primarily on assessing the 
short-term impacts of ISORTO demand response programs; more work is needed to 
assess the potential long-term benefits of demand response resources. ISOsiRTOs that 
offer demand response programs provide annual performance assessments to FERC that 
focus primarily on realized, short-term impacts. These assessments provide policymakers, 
market participants, and customers with information on both the level and distribution of 
demand response benefits and resource costs.95 However, in the absence of a forward 
electricity market that would create a steady stream of guaranteed annual benefits, the 
value of demand response necessarily depends primarily on current market conditions. 

However, ISOs and RTOs can and should provide information on the future value of 
demand response within their regional markets. Most ISOs and RTOs conduct or 
coordinate long-range planning studies that focus on developing coordinated system 
expansion plans that identify projecb that can ensure electric system reliability, reduce 
congestion and also provide market signals for planning and running generation and 
transmission systems and demand-side management projects (ISO-NE 2005b; PJM 
Interconnection 2005b). One goal of the studies is to use forecasts of regional 
loadhesource balance to identify needed investments to forestall potential supply 
shortfalls that could lead to high price volatility. The extent to which demand response is 
considered in these regional transmission expansion plans is evolving over time. ISOs, 
RTOs and regional state committees are well positioned to recognize the long-term 
benefits of demand response and incorporate demand response into their long-term 
system plans?6 Another option would be to facilitate a forward market in demand 
response, as PJM has proposed (PJM Interconnection 2005~). 

Because benefits can vary from year to year and opportunities to pdcipate are not always available, it is 
important that load aggregators and customers are made aware of how benefits and costs (Le., incentive 
payments) may vary with market circumstances. 
96 Efforts are already beginning in this area. A recent pilot study by ISO-NE that compared the value of 
RTP and other types of demand response programs under alternative market circumstances was intended to 
facilitate discussions of this issue among policymakers, IS@, load serving entities, and customer groups 
(Neenan Associates 2005). 
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