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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 from 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 ISO/RTO 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 (i.e., 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 
whcn consumption decisions are based on prices that reflect the marginal cost of supply. 
In a competitive market, this is defmed 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 end.69 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.70 

A 
Price of 

Electriciiy 

. 
Q* Q 

Figure B-I. Inefficiencies of Average-Cost Pricing 

Like most goods, the demand for electricity exhibits declining marginal value (Le., 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 cnrves in Figure B-1. In other words, during off-peak periods, the 
efficient price of electricity should equal Pof~~prak and consumers would use an amount of 

The long, flat portion of the electricity supply curve represents "base-load" power plants, such as nuclear, 69 

hydroelectricity and coal plants that have very low operating costs and are mn 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 but have higher operating costs. Peaking plants are 

"Righ demands do not always lead to high prices. If the entire portfolio of capacity is available, then the 
marginal unit may he relatively low cost. The steepest part of the supply curve is encountered when 
demands are especially high (e .g  a heat wave) or generation is short due to forced outages, or both. 

, ically smaller units with varied operating characteristics. 
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electricity equal to Q, and during peak hours, the efficient price should equal PPek and 
consumers would use Qpe& units of electricity. However, most consumers currently pay 
electricity tariffs that reflect average, rather than marginal, electricity supply costs; this is 
represented by PaVp 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*pe*) 
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 



would t 'e value to c umers if it were riced accc ii 
not consumed-this represents a loss to society in econc 
occurred but did not. In the ueak ueriod, consumers that 

its marginal supply cost is 
activity that would have 
ot 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." 

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 from all peak and off-peak hours-and thus the potential for short-term 
demand response benefits-depends 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 from implementing 
demand response can be substantial. 

Suuuly Cost and Market Price Imuacts 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. 
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Figure B-2. 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 from lowest to 

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. 

71 
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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.72 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 from 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 h - m d  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 savings from price reductions thus depends on how much energy 
is purchased in spot markets.73 
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Figure B-3. Impact of Demand Response in Regions with Organized Wholesale Markets 

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 (ix., it is presumed to he fixed). 72 

Currently, most LSEs bid fixed quantities ofelectricity in spot markets, so this characterization is 
appropriate. 

In 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% ofthe electricity volume is traded in ISO-NE'S spot markets, with about 60% committed in 
forward contracts. 

13 
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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, resulting 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 from customers 
through capacity-based demand response programs (e.g., DLC, IIC rates or ISOIRTO 
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.7s If the 
existing infrastructure were insufficient to serve the resulting 5,900 MW capacity 
requirement, additional capacity would be necessary. Since generating capacity is 
expensive, ranging from about $50,000 to over $100,000 per MW-year (depending on the 
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, Stoft 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 $SO/kW-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. 

Whether or not savings from shott-term market price impacts and reduced fonvard contract prices 
hrought 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). 
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Reserve margins vary in electricity markets across the U.S., but are typically 15.18%. 75 
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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 administratordsponsors must make provisions to ensure the 

One useful strategy may be to recruit larger numbers of customer participants by 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 effect 
of various levels of penalties on customer performance. 

75 
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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 franchise engages in some wholesale 
market transactions but operates in a region without an I S 0  or RTO, and 2) regions with 
organized wholesale markets in which ISOs/RTOs 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 retail/wholesale market structures are prevalent in the 

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 Impacts of Demand Response 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 regulatoly 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 electricity production and delivery-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 dnring high-priced peak periods) offset a 
portion of usage that otherwise would have been met by production from high- 

For example, utilities in some states are still vertically integrated and retain aretail monopoly franchise 
but are part of an organized regional wholesale market administered by an I S 0  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)?8 

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 inunit 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.79 

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 investment-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 constmction 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 quanti@ 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 (Barbose et 
al. 2004) 
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Market Imuacts of Demand Resuonse in Reeions with Ormnized 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 creatin "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 KO-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).82 

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 ofinvestment cost recovery for generators selling in those markets. 

The Midwest I S 0  (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. 

81 
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Figure B-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 from 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 resou-ces 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 constmction 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 fraction of the committed capacity costs, the 
long-term capacity savings benefits of demand response may not be fully monetized and 



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 from 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 U.S. 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 15-18% 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 57% 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 from capacity-based demand 
response programs (see the textbox below). 

The capacity they provide can be particularly valuable if located in what operators 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 maintain 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 DI 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 DI to Dz), so that supply and 
demand no longer intersect. This reserve shortfall is represented by the demand curve Dj. 
Activating an incentive-based demand response program initiates customer demand 
reductions that bring system demand back to D,, thereby eliminating the reserve shortfall 

“ 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. 
” In this example, customer demand is represented by a vertical line, because in a reliability event, which 
occurs within minutes or seconds of power delively, demand may be viewed as fixed. 
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Figure B-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 
(EUE), 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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