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INTRODUCTION.

A time-of-use (TOU) pricing program —entailing for all retail electricity consumers effective
differential pricing for peak and off-peak use and meters capable of recording such use—isapublic
good.™? For this reason, government should mandate implementation of TOU pricing programs by
requiring participation by all retail consumers. In particular, such programs should be extended to
cover residential and other small retail consumers who presently —in contrast to most industrial and
commercial consumers— are generally not participantsin TOU pricing programs.

When a state public utilities commission mandates implementation of an effective universal
TOU pricing program, the consequent reduction in system-wide peak electricity demand will result
in reduced production costs and thereby areduced price structure for all consumers. Aswith any
public good, thislatter benefit cannot be subdivided and will accrue to all consumers —including
those who fail to reduce or shift their peak-period demand. This situation parallels the well-known
example of anational defense program as apublic good. In thislatter case, the federal government
mandates implementation of the defense program by requiring that all taxpayers participate in the
funding of the goods and services needed for national defense.

From a macroeconomic viewpoint, it has become well-accepted in the energy industry that
peak-period demand by consumers must be reduced, first, in order to utilize system resources most
efficiently in the short-run and, second, in order to contain the need to expand system infrastructure
in the long-run. In the short-run, when electricity demand is at or near its peak level, supply is highly
inelastic as less efficient generating units must be brought on-line to satisfy demand. Under these
circumstances, even asmall reduction in short-run system-wide demand can result in an appreciable
reduction in system marginal costs. In the long-run, supply is more elastic; nonetheless, a reduction
in system-wide peak demand will result in areduced need for new generation and transmission
facilities, thus avoiding, or at least postponing, additional capital outlays.

Industry experts have long struggled with these issues and have sought to identify effective
means to reduce peak-period demand. Their search, however, has been for the most part
unsuccessful as it has generally not included extension of TOU pricing mechanisms to residential and
other small retail consumers —residential consumers alone account for the largest share of electricity
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consumption. Often instead there have been appeals for voluntary reductions — as were made in
California during its recent energy shortage. But usually such appeals have been only marginaly
effective at best, even during short-term emergencies. In contrast, the expansion or introduction of
TOU pricing programs that would ensure universal coverage by the inclusion of all retail consumers
can achieve significant reductions in peak electricity demand and significant associated cost savings.
These reductions result most often occur through a shift of electricity demand to off-peak periods,
but may also result — although not necessarily — from an absolute reduction in consumption.

On the microeconomic level, in order to implement a TOU pricing program, electric meters
used by retail consumers must be capable of recording both the volume of electricity demand and the
time of such demand. Most electric meters currently installed in the United States, however, are not
able to record time-of-use since utilities traditionally have charged small retail consumers aflat per-
unit rate on the total volume of electricity demanded, regardless of time of day or time of year. Thus,
amove from such flat-rate pricing to TOU pricing will require the installation of real-time meters for
most retail consumers. However, these consumers — particularly residential consumers — are not
likely to voluntarily purchase the real-time meter needed to participate in a TOU pricing program
since for them the cost of areal-time meter islikely to exceed the discounted stream of future savings
from reduced charges. This occurs because participation islikely to be limited when it is voluntary,
and the resultant reduction in system-wide marginal supply costs and the associated savings will be
modest.

If, however, all retail consumers — particularly residential and other small retail consumers—
were required to install real-time meters and to make electricity demand decisions on the basis of
effective differential pricing under a TOU program, aggregate reduced peak-period demand could be
expected to result in system-wide cost savings that would exceed the aggregate cost of real-time
meter installation owing to aresultant sizeable movement down the supply cost curve. Moreover,
with mandated participation, the unit cost of installed meters could be expected to decline dueto
economies of scale.

The aggregate savings from lower electricity charges realized beyond the cost of installing
real-time meters are the public benefit engendered by a TOU pricing program. But these savings can
only berealized if al retail consumers participate in a TOU pricing program. Therefore, such a
program is a public good and must be mandated.

II. THENEEDFOR TOU PRICING AND REAL-TIME METERING
A. SomeCharacteristicsof the Electricity Market

The electricity market is somewhat unique in that electricity demand — asthat term is
conventionally understood — can be both elastic and inelastic depending on the time frame and the
pricing structure. In order to understand this apparent anomaly, it isimportant to distinguish between
electricity demand and electricity consumption. To this end, the term demand in this paper refers
exclusively to the instantaneous electricity load or rate of use — in other words, the draw on system
resources as measured by the instantaneous output required of generation resources. In contrast, the
term consumption refers to electricity use over time.

The purpose of price-responsive demand systems generally, and TOU pricing in particular, is
to reduce demand — as defined above — during peak times by shifting it to off-peak times even if total
consumption (peak plus off-peak) remains unchanged. Thus with these definitions, it becomes clear



that electricity consumption can be observed to be inelastic while electricity demand at a specific
time can —if priced effectively — be observed to be elastic. It isthis characteristic of the electricity
market that allows TOU pricing to be effective even when increases in flat-rate prices have limited
effectiveness in reducing demand. The problem with flat-rate price increasesisthat they are targeted
at reducing total consumption of a highly inelastic commodity — a difficult goal to realize. In
contrast, TOU pricing is able to take advantage of the relatively greater elasticity of time-specific
demand.

Therelative inelasticity of electricity consumption and its non-responsiveness to flat-rate
price increases arise largely for two reasons. First, with reference to both the short-run and the long-
run, electricity has become fundamental to maintaining and improving the quality of life. The
technological developments that have significantly improved the quality of life over the past century
have been largely dependent on electric power. Consequently, consumers are reluctant to reduce
electricity consumption since they are reluctant to undergo a deterioration in their quality of life. In
witness to inelastic consumption and consumer attitudes, electric systemsin industrialized countries
have been constructed to provide virtually-guaranteed electricity when demanded by users. In the
United States, for example, utilities strive for 2 99.9 percent or better reliability factor — meaning that
99.9 percent of electricity demanded will be delivered.

Second, in the short-run, electricity consumption also isinelastic and non-responsive to price
increases because electricity is essentially an input to durable goods that have long lifespans and are
replaced only slowly in response to higher prices for the input. For example, consumers will not
readily replace a serviceable electric hot water heater with a natural gas heater in response to a sharp
electricity price increase relative to natural gas. But they will make this substitution in the long run
when the durable good needs replacement if the price differential between electricity and natural gas
has remained sufficiently large and persistent. In the interim, electricity consumption isinelastic.

B. ThePricing of Electricity and the Need for Price-Responsive Demand

Electricity use by residential consumersin the United States traditionally has been measured
and billed on an aggregate basis over the course of an entire billing cycle — usually one month.
Under this system, customers pay for electricity based on their entire consumption (measured in
kilowatt-hours) over the billing period regardless of when the electricity is demanded. On the other
hand, large-scale industrial and commercial usersin recent years have been increasingly billed on a
TOU basis®

This differencein pricing regimesisrooted in the historically high cost of introducing TOU
meters for residential and other small retail consumers. The hardware cost of such meters has fallen
in recent years, however, and recent data place the cost at approximately $80 for aretrofit and up to
$200 for areplacement meter.* These costs exclude installation charges and the cost of additional
infrastructure needed at the utility. Despite the now lower prices of TOU meters, for most residential
consumers — and even some small commercial consumers — the cost of purchasing and installing a
TOU meter is still likely to exceed the present value of the savings offered by reduced electricity
charges. This situation occurs because few customers are likely to apply arate of time discount to
the future cost-saving stream that is sufficiently low to justify the outlay cost for a TOU meter.

Moreover, the ability of utilitiesto provide financial incentivesto retail consumersto
purchase TOU meters and to enter TOU programsis limited largely for two reasons. First, the
potential electricity cost savings that a utility can offer to aretail customer for participationina TOU



program is limited by the cost savings that would accrue to the utility itself. But these savings are
likely to be modest because, while most electric utilities in the United States are for-profit entities,
their profits are constrained by state regulation. Commonly, state public utility commissions permit
utilities to recover all of their prudently-incurred costs plus a set rate of return on their capital.
However, retail electricity rates charged by a utility generally change only following arate review
by the commission —which occurs usually every several yearsor so. At that time, the state
commission islikely to recognize any savings to the utility resulting from implementation of a TOU
pricing program and, all things being equal, to require the utility to lower its rates to reflect its
reduced costs. Thus, the savings to the utility resulting from implementation of a TOU pricing
program — or a sizeable portion thereof — are likely to accrue to the utility only until its next
ratemaking proceeding (rate case).®> Second, as the reduced pesk electricity demand of asingle small
retail consumer is unlikely to have an appreciable impact on the utility’s costs, the utility is
necessarily limited in its ability to promise this consumer significantly reduced rates for entering a
TOU pricing program. For both of these reasons, there islittle if any incentive for an electricity
utility to voluntarily implement a TOU pricing program or even to offer a program to small retail
consumers — such as residential consumers— for their own choosing.

Residentia customers as a group, however, account for the largest share of electricity
consumption in the United States. The U.S. Department of Energy estimates that for calendar year
2001, residential customers used 35.4 percent of the retail electricity consumed in the United States,
as compared to 29.3 percent for industrial users and 31.9 percent for commercial users.® Dueto the
lack of information on time of use by non-TOU consumers, it is difficult to determine how much
residential consumers contribute to peak demand. However, it appearslikely that residential demand
playsalarge rolein determining the level of system-wide demand during all hours. Asaresult,
while the economic incentives may not exist for either utilities or individual residential or other small
retail consumersto adopt TOU pricing, the potential to reduce system-wide demand during peak
periods by implementing TOU pricing for these consumersis large indeed.

Participation in TOU programs by residential consumersis presently limited in the United
States. Apart from the reasons laid out above, some industry observers have suggested that
residential consumers, regardless of TOU meter costs, simply prefer the simplicity of fixed-rate
rather than TOU-pricing. However, at least one industry observer has criticized this latter position,
suggesting that limited participation is simply the result of consumer inertia and that, if TOU pricing
were offered as the default, few consumers would opt out.” Yet TOU programs do exist and are
available for customers, if only on alimited basis and/or as part of a pilot program. While
information from a broad survey on the scope of residential TOU pricing is not available, anecdotal
evidence suggests that many utilities do offer TOU pricing to residential customers. For example,
the Potomac Electric Power Company (PEPCO), which serves Washington, DC, and its northern
suburbs, has offered TOU pricing to its Maryland residential customers since 1984.

Despite the debate over why TOU programs have not been implemented in the United States
on amore widespread basis, thereis little disagreement among industry experts that price-responsive
demand (PRD) —amore general concept which includes TOU pricing among other concepts—is
needed.? Due to the sizable contribution of residential consumers to retail demand, residential load is
apotentially significant source of price-responsive demand. Although industry observers have
discussed thisissue for some time, it has been only recently that policymakers — at |least at the federal
level —have pointedly noted the need for more price-responsive demand. For example, the Federal
Energy Regulatory Commission, charged with overseeing the wholesale — but not retail — power
markets in the United States, recently commented in proposed rulemaking concerning the



development of standard wholesale energy markets that the lack of price-responsive demandisa
“significant structural problem” in wholesale energy markets.” Similarly, recognizing the importance
of TOU pricing, the drafters of the energy bill recently considered by the United States Congress
included a provision that would have required utilities to offer TOU pricing to their consumers.™
Finaly, Alfred Kahn, the well-known economist and energy expert, has commented that the absence
of price-responsive demand is the single greatest structural flaw of energy markets.**

The recent attention by federal policymakers to price-responsive demand may be the result, at
least in part, of California’ s 2000-2001 energy shortage. It isnot unreasonable to consider that low
flat-rate retail electricity prices, resultant high demand, and inelastic consumption taken together
were leading causes of the state’ stroubles. During the shortage, demand for electricity in the region
controlled by the state's grid operator — the California Independent System Operator Corporation —
peaked at 43,784 MW in August 2000.? Thislevel of peak demand represented a 6.7 percent
increase over the average peak demand of the ten years prior. Perhaps cognizant that most
consumers would feel little immediate financial impact from the high wholesale prices brought on by
the shortage, California state officials and the transmission grid operator issued pleas for voluntary
reductionsin demand. These efforts were only marginally effective, and consequently the grid
operator was required to implement planned involuntary service curtailments—rolling blackouts —to
prevent widespread collapse of the grid.*® In this connection, it is worth noting that the results for
one recent pilot TOU program indicate that TOU pricing for residential consumers was able to
reduce peak-period demand by five percent — a percentage reduction not much smaller than the
percentage increase in California’s peak period demand at the time of its energy problem.*

[11. TOU PRICING ASA PuBLIC GOOD

In microeconomics, apublic good is agood or service that lacks depletability and
excludability.™ Non-depletability means that one person’s use or enjoyment of a public good does
not reduce the ability of othersto enjoy it and receive its benefit. Non-excludability means that
persons cannot be prevented from enjoying the benefits of a public good regardiess of whether they
pay for it or not. Given this non-depletability and non-excludability, the problem posed by a public
good for economics and public policy isthat few if any people would be willing to pay for apublic
good voluntarily. Rather, if a public good isto be produced, the government must mandate the
financial support of the good by all persons who will enjoy its benefits. A universal TOU pricing
program for all retail electricity customers with effective differential pricing for peak and non-peak
electricity use satisfies the two basic criteriafor a public good. Accordingly, such a program should
be mandated.

Although economists have only recently begun to model the electricity supply market, it is
generally recognized that, when not subject to price regulation, the short-run supply curve for
electricity isrelatively elastic at low volumes of production, but becomes highly inelastic as the
quantity of electricity produced nears the maximum level that the system is capable of generating.®
Under these circumstances of inelastic supply, even a small reduction in short-run demand can result
in an appreciable reduction in system marginal costs.

But how can an electric system achieve such areduction in short-run demand? The fact of
the matter is that consumers will not reduce electricity demand unless and until they have afinancial
incentive to do so. On along-run basis, retail consumers can be incentivized to reduce demand
through higher prices for electricity generally. However, such an approach would likely overachieve
insofar as it would likely reduce overall consumption when the primary goal is to reduce peak



demand. Reductionsin short-run peak-period demand may be achieved by providing consumers
sufficient financial incentives to either reduce demand during peak periods or, more likely, to shift
demand from peak to off-peak periods— where the short-run market equilibriumison aless
inelastic/more elastic portion of the short-run supply curve and thus marginal production costs are
lower.

A TOU pricing program will effectively provide the needed financial incentivesfor
consumers to shift their demand from peak to off-peak periods — provided there is a sufficiently large
price differential depending on the time of day and time of year of electricity use.'’” For example, the
residential consumers participating in PEPCO’s TOU program pay in non-summer months
(November through May) a generation service charge of 1.9¢/kwh off-peak and 2.7¢/kwh — or 42
percent more — on peak (and 2.1¢/kwh during the shoulder periods). In summer months, they pay
1.7¢/kwh off peak and 19.4¢/kwh on peak — an eleven-fold higher rate (and 2.2¢/kwh in shoulder
periods). By comparison, residential consumers not in PEPCO’s TOU program pay aflat-rate
generation service charge of 5.5¢/kwh during the summer months and, during non-summer months,
pay 3.5¢/kwh for the first 800 kilowatt-hours and 2.7¢/kwh thereafter. This TOU pricing regime
provides consumers with strong incentives to shift their discretionary electricity demand to off-peak
periods by, for example, shifting the use of washing machines, dryers, and hot water heaters.
Moreover, high summer TOU peak-period rates like those charged by PEPCO encourage some time-
period shifting of electricity demand for air conditioner use by cooling down before and after the
peak period and using higher air conditioning temperature settings during the peak period.

Colledge, et al., estimate that it would cost approximately $25-30 billion to equip all mass-
market electricity customersin the United States with the infrastructure needed for TOU pricing, and
that operations and maintenance would cost approximately $7-8 billion per year.’® If peak demand
wereto fall nationwide by five percent, they estimate that some $15 billion in electricity costs could
be saved — resulting in the investment in TOU pricing infrastructure being recovered in five years.
They also note that such areduction in peak period demand would permit utilities to avoid or delay
the installation of up to 250 peaking facilities. Another study estimates that the annual savings from
implementing TOU pricing nationwide could amount to $10 billion to $15 billion.*®

Further research is required to determine the circumstances under which a mandated TOU
pricing program for all consumers would be cost-effective. To alarge extent, the cost-effectiveness
of such a program would depend centrally on two factors: first, the frequency with which short-run
demand in a particular electricity system reaches the highly inelastic portion of the supply curve; and,
second, the quantity of discretionary demand that consumers would, if provided the appropriate
financial incentives, shift to off-peak periods. For example, in California, awidespread TOU pricing
program may hold significant benefits since serving peak demand in the state often requires the use
of 90 percent or more of available generating resources. On the other hand, in a system with
significant generating reserves at all times, demand may never reach the inelastic portion of the
supply curve and thus a shift of demand from peak to off-peak hoursin such circumstances may not
appreciably reduce system-wide short-run marginal costs. These issues as well as those concerning
political feasibility of implementing a TOU pricing system would need to be explored before
participation in a TOU pricing program is required of all consumers.

! Retail electricity customersin the United States are generally classified into one of three categories —

industrial, commercia, and residential.



2 Peak hours are those during which system-wide electricity useis greatest. Commonly, the peak period

begins between 8 am and noon and ends between 6 pm and 8 pm, Monday through Friday, with off-peak
periods occurring during the remaining weekday hours and throughout the weekend days. The precise times
for these periods vary from one region of the United States to another and even from one utility to another
within aregion.

3 Georgia Power, for example, introduced TOU meters for large industrial customersin 1992. Ten
years later, approximately 1,650 business customers used such meters, with peak demand for these consumers
falling 17 percent since they began using TOU meters. Justin Colledge, et al., “ Demand Side Management:
Power by the Minute,” Power Economics, Feb. 28, 2002.

4 These meters generally require either traditional meter-reading techniques or aroaming receiver truck
toretrieve data. A new generation of electricity meters has been developed in recent years that uses awireless
transmitter or power-line-carrier technology to send data directly to the utility, either over cellular
telecommunications infrastructure or over the power lines themselves. Such meters are estimated to cost $160
to $320 exclusive of the cost of installation and the cost of infrastructure at the utility’send. 1d. at 25.

A November 1998 study by Arthur Andersen indicated that the per meter costs of ad hoc TOU meter
installation are five to six times the per meter costs for a broad, utility-wide installation of such meters. Arthur
Andersen, “Cost Impact of Competitive and Network Metering in New Y ork State — Final Report,” Nov. 1998,
cited by “ Advanced Metering: Policymakers Have the Ball,” Public Utilities Fortnightly, Sep. 15, 2002, at 26
> In the United States, this system of performance-based ratemaking (PBR) generally provides electric
utilities little incentive to expend resources in order to reduce operations and maintenance costs except to the
extent that such expenditures can be recouped before the utility’s next rate review. Recognizing this lack of
incentive for innovation, some utility commissions have begun to adopt a modified PBR system under which,
for example, half of the cost savings are passed on to consumers through reduced rates and half accruesto the
utility through increased retained profits.

6 U.S. Department of Energy, Energy Information Administration, Electric Power Monthly, September
2002, Table 44. Theyear 2001 isthe last year for which, as of thiswriting, a complete calendar year of data
was publicly available. The balance of electricity consumption (3.4 percent) is attributable to uses other than
by industrial, commercial, and residential consumers, such as public street and highway lighting, other salesto
public authorities, sales to railroads and railways, and sales for irrigation.

! See LisaWood, the Brattle Group, Comments Delivered at Seventh Annual Washington Energy
Policy Conference, “New Developments in Electric Market Restructuring,” Paul H. Nitze School of Advanced
International Studies, The Johns Hopkins University, May 21, 2002. In thisregard, the May 2001 effort by
Puget Sound Energy to make TOU pricing the default pricing system for 300,000 of itsresidential and small
business customers resulted in only one percent of customers opting out of that system.

8 PRD generally refersto any system under which demand is significantly responsive to price changes.
In other words, PRD refers generally to systems designed to enhance the elasticity of demand. In the context
of electricity, PRD systems include, in addition to TOU pricing and other similar regimes, interruptible load
programs and demand bidding. In the former, customers agree in advance to have their energy use curtailed
when system demand or real-time wholesale prices reach a certain level. In the latter, buyers offer into real-
time energy markets a quantity of demand that they agree to curtail for a certain price.

o U.S. Federa Energy Regulatory Commission, Remedying Undue Discrimination through Open Access
Transmission Service and Standard Electricity Market Design, Notice of Proposed Rulemaking, FERC Stats.

& Regs. 132,563 at P 113, 390-94 (2002).



10 United States Congress, H.R. 4 (Pub. Print) § 241, Energy Policy Act of 2002, 107" Congress (2002).
1 Jamie Wimberly, President of the Center for the Advancement of Energy Markets, Comments
Delivered at Seventh Annual Washington Energy Policy Conference, “New Developmentsin Electric Market
Restructuring,” Paul H. Nitze School of Advanced International Studies, The Johns Hopkins University, May
21, 2002.

12 Cdlifornia Energy Commission, 1988-2000 Historical Coincident Peak Demand and Operating
Reserve, available at www.energy.ca.gov/electricity/peak_demand_and _reserve.xls. Thisfigure represents
peak demand in the CAISO control area on the day of the year with highest statewide peak demand, i.e., state
coincident peak demand. The CAISO’s control area encompasses approximately 85 percent of the state's
demand.
B3 The U.S. Department of Energy’s Energy Information Administration (USEIA) estimates that during
the summer of 2001 involuntary peak demand reduction during electricity outages ranged from 1,825 to 5,500
MW. The USEIA states that “one of the significant uncertainties in these projections of electricity outagesis
the amount of electricity demand reduction that is either voluntary or motivated by high electricity prices.”
USEIA, “Electricity Shortagein California: Issues for Petroleum and Natural Gas Supply,” June 2001,
available at www.eia.doe.gov/emeu/steo/pub/special/calif ornia/juneQlarticle/casummary.html.

1 See Colledge, et al., supra n. 3, noting a 2001 pilot program by Puget Sound Energy (PSE). This
program involved 300,000 residential and small business customers. See also “All About Time-of-Use
Metering,” Metering, 2000 Issue 3. Noting TOU experimentsin California, Washington and Florida, this
articleindicates that peak demand could be reduced by three to five percent.

In late 2002, PSE terminated the program dueto the fact that on average customer bills increased 80
cents per month. See Ahman Farugui & Stephen S. George, “ Demise of PSE’s TOU Program Imparts
Lessons,” Electric Light & Power, Jan. 2003, at 1; Candace Heckman, “ PSE Plan Expected to End,” Seattle
Power-Intelligencer, Nov. 15, 2002, at B4. For the author, this situation is evidence, not that widespread TOU
pricing cannot reduce costs, but that costs cannot be reduced unless TOU pricing is widespread.

1 Most economics texts agree that non-depletability and non-excludability are the key factorsin
defining a public good, although the texts disagree to a certain extent as to whether each of these two factorsis
anecessary condition or simply a common condition. See, e.g., James M. Henderson and Richard E. Quandt,
Microeconomic Theory at 298 (3" ed. 1980) (“Each member of society gains satisfaction from the total output
of apublic good. No one's satisfaction is diminished by the satisfaction gained by others, and it is not possible
for anyone to appropriate a public good for his own personal use, asis the case with ordinary goods.”);
William J. Baumol and Alan S. Blinder, Economics Principles and Policies at 939 (4" ed. 1988) (“A public
good is defined as a good that 1acks depletability. Very often, it also lacks excludability.”); Walter Nicholson,
Microeconomic Theory at 815-15 (6™ ed. 1995) (“A good is a (pure) public good if, once produced, no one can
be excluded from benefiting from its availability. Public goods usually aso will be non-rival, [i.e.,
consumption of additional unitsinvolves zero social marginal costs of production] but that need not always be
the case.”).

A TOU pricing program is characterized by non-excludability as the benefits of reduced system-wide
costs engendered by such a program will accrue to all users of the electric grid regardless of whether or not
they participate in such a program. Similarly, aTOU pricing program is characterized by non-depletability as
one consumer’ s participation does not prevent others from similarly participating.

16 The issue of why the supply curve becomes so inelastic as it approaches the maximum system output
level has been the subject of much debate since the California energy crisis of 2000-2001. While some assert



that this situation isthe result of low-efficiency peaking generators seeking to recover their fixed costs during
only afew hours of the year, others assert that sellers engage in price gouging when demand is at its highest.
o Under the PSE pilot program noted above, TOU rates were approximately 15 percent lower than flat
rates during off-peak hours and 15 percent higher than flat rates during peak hours. See Faruqui & George,
supra, n.14. The author believes that the relatively small rate spread may have been a cause of the program’s
failing to deliver the expected savings to participants.

18 See, supran. 3.

19 McKinsey and Co., “The Benefits of Demand-Side Management and Dynamic Pricing,” May 2001.



