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1. INTRODUCTION

Most energy analysts, industry decision makers, and government policy makers
recognize the economic, reliability, and environmental benefits of integrating retail and
wholesaleelectricity markets.* A key feature of thisintegrationisthe opportunity for customers
to participate in wholesale markets by facing dynamic prices that vary from hour to hour.

Encouraging at least some customers to see and respond to time-varying electricity
pricesisessential to competitive markets because el ectricity costsvary dramatically from hour
to hour, between weekdays and weekends, and by season. Customersthat see these prices and
that respond (by reducing demand when prices are high and by increasing demand when prices
arelow) benefit al customers, not just themselves. As discussed below, this broader benefit is
aconsequence of the fact that reduced consumption when pricesare high leadsto lower prices.

The high variability of spot-market electricity pricesillustrates an important, but often
overlooked, feature of retail electricity markets: the traditional time-invariant price paid for
electricity includestwo components.? Thefirst isthe electricity commodity, the kilowatt-hours
of electricity we consume whenever we want to in whatever quantities we choose. The second
isan insurance policy (risk premium) that protects customers from the volatility of electricity
prices by permitting them to buy unlimited quantities of electricity at a fixed price that is
determined months (or even years) before consumption.® Most consumers, industry decision
makers, and government regulators do not yet recognize the existence and importance of this
second component—the risk premium—associated with fixed electricity pricing.

Puget Sound Energy, an exception to the previous statement, proposesto offer itsretall
customers two choicesin rates.* The first choice would adjust rates on adaily basis to reflect
the volatility of wholesale power costs the utility experiences. The second rate option would
include the company’ s costs of hedging rates against thisvolatility and would be adjusted only
annually. The company’sinitial estimate of those hedging costs it could readily quantify is
almost $3/MWh, between 5 and 10% of total generation costs. This estimate includesthe costs
of hedging against uncertain hydroelectric output, forced outages at thermal resources, and
unusual temperatures (which affect electricity use for space heating).



Thispaper explainsthisinsurance aspect of el ectricity pricingand demonstratesitsvalue
with simulations of the benefits of dynamic pricing when electricity costs and price are
increasingly volatile. The paper also draws anal ogies between other risks (car insurance and
financial investments) and the electricity industry.

Traditionally, retail customerspaid for the costs associated with these risks—but not in
real time. Utilitiesmanaged risk by building “extra’ generating capacity. Thisplanning reserve
margin was intended to ensure the utility’s ability to meet ailmost any foreseeable load. The
capital and operating costs associated with this extra capacity were typically recovered from
customers in rates that remained constant throughout the year. This approach is an
economically inefficient way to manage risk because it assumes that all customers value
electricity the same and have almost no ability to shift usage from on- to off-peak hours. In
addition, wholesale prices were based on regulated costs and, therefore, showed much less
volatility than those that occur in today’ s competitive markets.

Utilitiescollected any approved changesin power-supply costs(e.g., caused by changes
in fuel costs) relative to those in base rates through monthly or quarterly fuel-adjustment
clauses. If costswere consistently higher, the utility would seek arate increase from the public
utility commission. Alternatively, if costs were consistently lower, the commission would
require the utility to file a new rate case in an effort to lower rates. These delays in adjusting
consumer prices to reflect costs, coupled with the absence of hourly meters, prevented
customers from being able to respond to the time-varying costs of electricity.

Retail suppliersthat offer electricity at afixed price accept both quantity and pricerisks.
The price risk reflects the a priori unknown level and volatility of electricity prices. The
guantity risk reflectsthelikelihood that el ectricity consumption will be higher when pricesare
higher. Electricity consumption and pricesare highly correl ated, asonewoul d expect. Consider
the PIM Interconnection, a55,000-MW system, as an example. For the week shownin Fig. 1,
the correlation between prices and quantities shows that the amount of electricity consumed
explained 72% of the variation in electricity prices. (Other factors, such as sudden generator
or transmission outages, can aso yield high prices.)

Tocover itsrisk-management costs, asupplier selling fixed-priceelectricity would have
to charge more than the average price to make a reasonable profit. For the week shown in
Fig. 1, acustomer with atime-invariant load willing to face spot prices would pay $47/MWh
on average. If, however, the customer consumed electricity using the same load shape as the
PIM system, its consumption-weighted price for the week would be $54/MWh, 15% higher
than the unweighted average price. Altogether, a supplier might offer customers afixed price
of, say, $60/MWh for this period to account for price and quantity risks,
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Fig. 1. Hourly prices and system load in the PIJM |nterconnection for one week.

Pricesranged from $0to $157, with an aver age of $47/MWh and astandard
deviation of $38/MWh. L oad ranged from 20to 49 GW, with an aver age of
37 GW and a standard deviation of 8 GW.

On the other hand, customersthat choose dynamic pricing would pay lessfor electricity
over thelong run. These customers would do so by buying only the electricity commodity and
by accepting therisksof pricevolatility (i.e., providing theinsurance themselves). In addition,
such customers can modify their loads in response to those prices and further lower their
glectricity costs. Thus, these customers provide themselves with both financial and physical
forms of insurance. Finally, the load reductions at times of high power prices lower overall
prices and, thereby, benefit all electricity consumers.

2.SIMULATION RESULTS

When customers choose el ectricity pricesthat vary temporally (from hour to hour, from
one block of hours to another, from day to day, and from season to season), they receive
important economic signals. These signals, if they are delivered to customers in a timely
fashion, let them know when it is cheap to produce electricity (and they might want to use
more) and when it is expensive (and they might want to use less). Any changesin the timing
of electricity use associated with these temporal price signals lower electricity costs to those



customers. In addition, these load-shape changes reduce the frequency and magnitude of
whol esale-power pricespikes, |eading to additional economic benefitsenjoyed by al electricity
consumers, not just those with dynamic prices.

To simulate the benefits of price-responsive demand, | obtained hourly data from the
(former) CaliforniaPower Exchange (PX) on day-ahead el ectricity pricesand schedul ed |oads.”
| ran simulations for 1999 (a normal year) and 2000 (when the California electricity markets
exploded).

| converted the PX wholesale prices into retail prices by adding an assumed cost for
transmission, distribution, and customer service of $40/MWh. | assumed that 20% of retail |oad
facestime-varying pricesand that customers, on average, adjust their consumption inresponse
to price changes with a price elasticity of demand of -0.25, yielding an overall elasticity of
-0.05 for customer responseto hourly price changes.® | next cal cul ated the changein retail | oad
for every hour of the year, based on the original PX loads and prices and the assumed el asticity
value.

| then used an assumed power-supply curve to calculate the change in wholesale
electricity price caused by the change in retail demand discussed above (Fig. 2). Thiscurveis
based roughly on the bids submitted to the California PX; results for the New Y ork and PIM
markets show very similar curves. Figure 2 shows that the price of electricity increases only
modestly as demand increaseswhen regional suppliesare amplerelativeto demand. However,
when supplies are tight (at the right side of the graph) small increases in demand lead to very
large increases in electricity prices.

The net result of these calculations is two sets of hourly loads and prices, one without
dynamic pricing (i.e., assuming all customersfaced atime-invariant, fixed pricefor electricity)
and onewith dynamic pricing. Finally, | calculated annual electricity costsfor retail customers
with and without customer response to changes in hourly electricity prices. To simplify
comparisons of results, | set annual electricity consumption in both cases equal. That is, |
ignored any conservation benefit of dynamic pricing in this analysis.

TheCaliforniaPX load averaged 22,000 MW during 1999. Itsday-ahead priceaveraged
$28.3/MWh (with astandard deviation of $15.7/MWh), and the total cost of wholesale energy
was $5.82 hillion. The correlation between hourly loadsand hourly priceswas substantial, with
a correlation coefficient of 0.64. Assuming that the market in which California electricity
producers and consumers exist encompasses 150,000 MW, and that the price elasticity of
demand for electricity is-0.05, implementation of dynamic pricing would have cut the state’ s
electricity bill by aimost 4%, equivalent to an annual savings of $220 million.

In 2000, the CaliforniaPX load wasdlightly lower thanin 1999 (21,400vs22,000 MW).

But prices were, on average, almost four times higher, $111/MWh. Not surprisingly, pricesin
2000 were al so much more volatile than they had been the year before; the standard deviation
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Fig. 2. Assumed power-supply curve showing the relationship between the

wholesalepriceof electricity and the supply of electricity. Small changesin
load have much larger effects on price when price is high (right side of
graph) than when pricesarelow (left side).

of hourly pricesin 2000 was $139/MWh. The correlation coefficient between hourly loadsand
wholesale priceswasmuch lessthanin 1999, 0.18 vs0.64. Clearly, factorsother than load were
affecting electricity pricesin 2000.2 Using the same assumptions given above, dynamic pricing
would have cut the state’ s power bill by almost 12%, equivalent to a savings of $2.5 billion.?

Comparing the results for 1999 with those for 2000 shows that the higher prices and
greater volatility in 2000 increased the benefits of price-responsive demand by more than a
factor of ten. This dramatic difference in results demonstrates the insurance value of price-
responsivedemand programs. During“normal” years, such programsmay provideonly modest
benefits. But when serious problemsoccur in whol esal e el ectricity markets, these programs can
provide enormous benefits.

To explorethis concept further, | conducted additional simulationswith the California
datafor 1999. Specifically, | examined the benefitsof price-responsive demand asthevolatility
of wholesale electricity pricesincreased and asthe overall level of pricesincreased. Asshown
in Table 1 and Fig. 3, the benefits increase quite dramatically as the volatility of prices
Increases. Dynamic pricing providesno benefitswhen pricevolatility iszero because pricesare
the same every hour. The benefits of dynamic pricing increaserapidly with pricevolatility. For
example, raising the volatility by 25% from its 1999 val ue increases the power-supply savings



by 34%, raising the volatility by 50% increasesthe savings by 72%, and doubling the volatility
Increasesthe savings by 160%.By comparison, increasesin theoverall level of priceshaveless
effect on the benefits.

Table 1. Per centagereduction in annual electricity costsfor Californiain 1999 asa
function of pricevolatility and average level
Average price Standard deviation of hourly prices ($MWh)
($/MWh) 15.7 18.5 24.7 32.4 40.7
28.3 3.8 4.7 7 10.6 15.5
38.3 59 6.9 9.4 13.3 18.9
48.3 8.6 9.3 11.8 15.8 21.8

*Thisisthe estimated savings for the conditions that actually occurred that year.

The benefits increase dramatically as price volatility increases because there are more
hours with either very high or very low prices. Across the range of cases considered here, the
fraction of hourswith wholesale prices greater than $50/MWh increases from almost 6% with

2,500
Increase In Average Price ($/MWh)
lilJ § 2,000 | —0 — =10 ---20
< 2
0 B
w <= ’
= 0
(ID = 1,500 -
s E e
z P g
Z W0 PR _ 7
O O 1,000 | .- ~
= O LT -
S5 o
0O -
W w P -
x =z 500 [.-- _—
w7 ==
0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45
I VOLATILITY (standard deviation in $/MWh)
Fig. 3. Reduction in wholesale Califor nia electricitycosts in 1999 as a function of

the overall level and volatility of electricity prices. The marked point
representsthe actual 1999 prices.



the original datato almost 25% when the standard deviation is ailmost tripled. The fraction of
hourswith pricesgreater than $100/Whincreasesfrom lessthan 1% to almost 4%. When prices
are very high, consumers reduce demand, which in turn lowers prices. When prices are very
low, consumers increase demand, which increases prices. However, the effects on prices are
much greater when prices are high than when they are low, as shown in Fig. 2.

3.OTHER INDUSTRIESWITH COMPARABLE RISK ATTRIBUTES

We have seen that customerspaying for el ectricity under traditional tariffsareimplicitly
paying thelocal utility for insurance aswell asfor the electricity commodity. Those customers
with interval metersthat choose to face dynamic prices provide their own financial insurance.
In addition, by modifying their electricity use in response to price changes, these customers
provide aform of physical insurance that benefits all customers.*°

Although the financial insurance aspects of electricity are new and unfamiliar to most
consumers and regulators, consumers have ample experience with the underlying concepts.
Consider automobile insurance as an example. Individuals have a range of risk-management
options to consider when deciding how much insurance to purchase. Figure 4 shows the
premium for collisioninsurance on anew Ford Tauruslocated in Anderson County, Tennessee.
If the car isdriven by amiddle-aged man who wants maximum protection, the premiumis$383
for a$50 deductible. In the event of an accident, the holder of thisinsurance policy will have
to pay no more than $50 for repair to the vehicle. At the other end of the spectrum, the owner
could self insure by declining to buy any collisioninsurance, thereby saving the $383 premium.
In the event of an accident, however, this owner will have to pay for the entire repair bill (up
to the full value of the car if it istotaled).

If the owner of this car was a 22-year old male instead of a 50-year old male, the
insurance premiums would be roughly double. This higher premiums reflect the much higher
probability that young men will get into automobile accidents.

Thisexampleillustratestwo pointsrelevant to el ectricity markets. First, consumershave
experience in dealing with tradeoffs that involve risks and costs. Historically, regulatory
commissionsand el ectric utilitiesmadethistradeoff on behalf of all customers, thereby denying
customers an important opportunity to decide for themselves how much they are willing to
spend to protect themselves against volatility in electricity prices.

Second, risk profiles differ among customers. Just as the young male poses more risks
than older drivers, electricity customers differ in how they use electricity and want to manage
the price and quantity risks associated with time-varying price. Some customerswill likely pay
a power supplier to manage those risks on their behalf; they will want to continue to pay for
electricity under the traditional fixed-price, all-you-can-eat tariff. Other customers, however,
may be more price sensitive and therefore willing to manage these risks for themselves. In
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returnfor alower price (analogousto alower collision-insurance premium), they facemorerisk
(analogous to a higher deductible amount).

Financial markets have the same characteristics discussed above. In general, the more
risk an investor iswilling to accept, the more likely she isto earn ahigher return. At one end
of the spectrum an investor can buy certificates of deposit, for which both the interest and
principal are guaranteed. In return for this very high level of security, the return on this
investment is very low. At the other end of the spectrum, one can buy stock in small, startup
companies. Although the risks of fallure are large (leading to the complete loss of one's
Investment), so too are the potential gains.

Figure5 showsthe performance of several typesof stocksand bondsfrom 1991 through
2000.** The chart shows the average return for the decade for seven broad classes of
investment. The chart also shows the range of annual returns (i.e., the difference between the
maximum and minimum 1-year returns). As one moves from left to right across the graph, the
average annual return declines and so does the risk.

The risk:return tradeoff shown in Fig. 5 is analogous to that associated with various
pricing strategies an electricity provider can offer its retail customers. Those seeking security
can choose a fixed-price tariff that includes an insurance payment (analogous to short-term
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bonds or certificates of deposit). At the other end of the spectrum, those customers willing to
facetherisksof wholesale power markets can choose aratethat offers dynamic pricesthat vary
withwholesale-market conditions. Inreturn for accepting ahigher level of risk, such customers
can lower their electricity costs, both by managing their electricity usein responseto temporal
changes in prices and by accepting the risk-management function. This is analogous to
investors who, seeking higher returns, accept the higher risks of buying stocks rather than
bonds.

4. CONCLUSIONS

Achieving the goals of the 1992 Energy Policy Act and subsequent orders from the
Federal Energy Regulatory Commission requires that some retail customers participate in
whol esale markets. Permitting and encouraging retail customersto respond to dynamic prices
will improve economic efficiency, disciplinewhol esale-market power, improvereliability, and
reduce the need to build new generation and transmission facilities.

Implementing such price-responsive demand programs requires policy makers to
understand and accept the insurance aspects of dynamic pricing. During “normal” years, these
programs might save only modest amounts of money. However, during those infrequent times



when a combination of adverse circumstances occur (such as high fuel prices, insufficient
generation capacity, and rapid load growth), the payoff from thisinsurance more than justifies
the modest premiums paid during normal years. Like other forms of insurance, the benefitsare
greatest when you most need them.

Traditional, time-invariant electricity ratesimplicitly include financial insurance. Such
insurance protects consumers against risks associated with temporal changes in wholesale
electricity prices and the strong positive correlation between consumption and prices. Such
insurance is not free!

Customerscan self-insureintwoways. First, they can chooseto facetime-varying prices
and avoid paying for the financial insurance discussed in the paragraph above. Second, and
probably more important, such customers can provide physical insurance by responding to
temporal price changes. Because of thestrong nonlinearitiesin wholesal e-power supply curves
(Fig. 2), customersthat cut consumption when pricesare high lower wholesale el ectricity costs
for al customers.

State regulators should permit customers to decide for themselves whether and how
much risk they want to manage on their own or whether they want to pay others to manage
thoserisks. Thosethat managetheir own risksbenefit by eliminating the paymentsfor financial
insuranceand provide physical insurance by managing their el ectricity consumptioninresponse
to time-varying electricity prices.*?
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