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But how does dynamic pricing affect
low-income customers who often are
regarded as vulnerable? Different view-
points yield different answers.1

One school of thought is that low-
income customers, because they use rela-
tively less energy than the typical
residential customer, would benefit from
a rate that charges them more during a
few peak hours and less during the vast
majority of other hours during the year.
And, if low-income customers did shift
some of their demand from peak to off-
peak hours, they would benefit even
more. Others believe that low-income
customers would be harmed by dynamic
pricing because they have little discretion
in their power usage, which means they
would have less to work with in terms of
shifting demand to off-peak hours.

To learn more about how dynamic
pricing might affect low-income cus-
tomers, a recent IEE whitepaper exam-
ined some simulations involving
dynamic pricing. It also reviewed the
empirical evidence from some recent
dynamic pricing programs. Before look-
ing at the results, however, it’s important
to have a clear understanding about
what dynamic pricing is. The two types

of dynamic pricing that have gained the
most attention in the power industry
and among state regulators are critical-
peak pricing (CPP) and peak-time
rebate (PTR).

CPP attempts to convey the true cost
of power generation during the 100 to
200 hours each year—typically during
the summer—when demand reaches its
highest levels. In exchange for paying
very high prices during those peak hours,
customers receive a discounted rate for
all remaining hours of the year. An alter-
native to the CPP rate is the PTR, which
is a mirror image of the CPP rate. 

Under a PTR, customers remain on
their current flat rate but receive a cash
rebate for each kilowatt hour (kWh) they
lower their baseline usage during the peak

hours. Under a PTR, customers who do
respond can save money on their monthly
bill. If they don’t lower their usage their
monthly bill would stay the same. 

The First Perspective

To examine the first issue—whether the
relatively flat load-shape of the typical
low-income customer would help or
hurt them under a dynamic pricing pro-
gram—the IEE paper simulated two ver-
sions of a CPP rate: CPP Rate Design #1
and CPP Rate Design #2. The simula-
tions were conducted using representa-
tive samples of residential and residential
low-income customers from a large,
urban utility. Both of the CPP rates were
designed to be revenue neutral relative 
to an existing rate of $0.13 per kWh.

� CPP Rate Design #1: The first
CPP rate included a critical peak price
of $1.25 per kWh during a four-hour
peak period from 2 p.m. to 6 p.m. on
fifteen critical days in the summer for 
a total of 60 hours. During the other
8,700 hours of the year, the rate is
roughly $0.11 per kWh, which was
$0.02 lower than the regular flat rate.

For a revenue-neutral dynamic-
pricing rate such as this, it might be
expected that half the customers in a
utility’s service area immediately would
see higher bills, and the other half imme-
diately would see lower bills. And, when
the rate is applied to the entire sample of
customers, and assuming no change in
usage patterns, that’s what happened. 

As indicated by the blue curve in 
Figure 1, about 50 percent experienced
monthly bill decreases and about 
50 percent experienced monthly bill
increases under the dynamic rate. 
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these programs don’t share a uniform
definition of low income.

� BGE Smart Energy Pricing
(SEP) Pilot–Maryland: BGE conducted
a Smart Energy Pricing (SEP) pilot pro-
gram during the summer of 2008.3 In
2008, the SEP pilot included 1,375 resi-
dential customers of which 1,021 cus-
tomers were placed on dynamic pricing
rates and 354 customers formed a con-
trol group that stayed on their current
rates. BGE also tested the impacts of
two different technologies, the Energy
Orb, and a switch for cycling air condi-
tioners, in conjunction with the

Next, the same computation was per-
formed for just low-income customers.
As shown again, roughly 65 percent of
the low-income customers see their
monthly bills decrease on the CPP rate,
even without changing their usage 
pattern during peak periods. This can 
be attributed to their load shapes being
flatter than the average customer’s.

� CPP Rate Design #2: To test the
sensitivity of these results, customer bills
were re-computed using a second CPP
rate, Rate Design #2. This rate applies
only during the four summer months
(i.e., June through September) and is
seasonally revenue neutral. 

The rate involved a critical peak rate
of roughly $0.90 per kWh applied for a
five-hour period from 2 p.m. to 7 p.m.
during 15 critical summer days—i.e.,
about 75 hours between June 21 and
September 21. The off-peak rate is
$0.10 per kWh during the four summer
months. During the other eight months
of the year, the current flat rate of $0.13
per kWh is in effect.

Under this CPP rate (see Figure 2),
about 60 percent of residential customers
would realize monthly bill decreases even
without shifting their usage.2 For low-
income customers, nearly 80 percent 
are immediately better off and realize
monthly bill decreases on this CPP rate
even without shifting their usage. 

The results of the simulations indicate
that the percentage of low-income cus-
tomers who will benefit from dynamic
pricing by realizing lower monthly bills,
even without shifting their usage,
depends on the rate design itself. Overall,
however, it’s highly likely that more than
half of low-income customers immedi-
ately will benefit from a CPP rate even
without shifting their usage. 

The Second Perspective 

To gain some insight on the second
issue—how low-income customers
respond to peak-pricing signals—the
authors analyzed empirical evidence from

four recent utility pilot pricing programs,
and one full-scale pricing program. 

The studies analyzed were: Baltimore
Gas & Electric’s (BGE) Smart Energy
Pricing Pilot; Connecticut Light &
Power’s (CL&P) Plan-it Wise Energy
Pilot; Pepco’s PowerCentsDC Pilot; the
early results from a full-scale program
that Pacific Gas & Electric Company
(PG&E) is rolling out in northern and
central California; and California’s
widely cited Statewide Pricing Pilot,
which ran from 2003 through 2005.

The results from each pilot or pro-
gram are presented below. Note that
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Distribution of Dynamic Pricing Bill Impacts
Residential and Low Income Customers on CPP Rate (Design #1) 
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Distribution of Dynamic Pricing Bill Impacts
Residential and Low Income Customers on CPP Rate (Design #1) 
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dynamic-pricing options.
The pilot tested three dynamic-pric-

ing structures: a dynamic peak-pricing
(DPP) tariff, a low peak time rebate
(PTRL), and a high peak time rebate
(PTRH). The DPP rate consisted of a
critical peak rate of $1.30 per kWh,
peak rate of $0.14 per kWh, and an off-
peak rate of $0.09 per kWh. There were
12 critical days called during the pilot
period, and the critical hours were
between 2 p.m. and 7 p.m. 

With both the low and high PTR,
customers remained on their existing
rate of $0.15 per kWh. However, during
critical peak hours from 2 p.m. to 7 p.m.
on the 12 critical days, customers
received a rebate of $1.16 per kWh
(low) or $1.75 per kWh (high) for
reducing their consumption below 
their baseline amount.4

For the BGE analysis, a customer with
an income level less than $25,000 was
defined to be a low-income customer,
generally in line with the federal poverty
threshold. This choice for the low-income
threshold was based on the income ques-
tion in the enrollment survey.

For the full sample of customers, the
peak reductions varied across programs
and enabling technologies. In the
absence of enabling technologies, the
peak reduction was 18 to 21 percent.
With the Energy Orb, the peak reduc-
tion ranged from 23 to 27 percent. With
both the Energy Orb and a switch on
the central air conditioner, the peak
reduction ranged from 28 to 33 percent.
As expected, enabling technologies
resulted in increased price response.

Within the subset of customers with
known income status (1,007 of the

1,375), the paper defined two groups:
low-income, which had a self-reported
income of under $25,000; and high-
income, with a self-reported income 
of over $75,000. 

The results show that a customer’s
income status didn’t have a measurable
effect on price responsiveness. In other
words, the price responsiveness of low-
income customers wasn’t statistically 
different from that of higher income
customers. 

� CL&P Plan-it Wise Energy
Pilot–Connecticut: CL&P conducted
its Plan-it Wise Energy Pilot in the sum-
mer of 2009. The pilot included 1,251
residential customers, of whom 1,114
customers were placed on dynamic 
pricing rates and 137 customers formed
a control group that stayed on their 
current rate.

Plan-it Wise tested three different
rate structures (see Figure 3): time of use
(TOU), peak time pricing (PTP), and
peak time rebate (PTR), each with two
different price levels (low and high). 
A total of 10 critical event days were
called over the course of the pilot for the
PTR and the PTP rates. The TOU rate
was in effect on weekdays from June
through August. 

The peak period was defined as
between 2 p.m. and 5 p.m. for PTR and

PTP, and between 12 noon to 7 p.m. for
the TOU rate. The pilot also tested sev-
eral different technologies including
smart thermostats, A/C switches,
Energy Orbs, and in-home displays in
combination with the time-based rates.

Two different definitions of low-
income customers were used for the
purposes of this analysis. The first defi-
nition was based on the income ques-
tion in the program enrollment survey,
in which a customer was defined to be
low income if annual income was less
than $50,000. The second definition
was based on a customer being certified
by the state as a hardship customer.

The results were analyzed for the full
sample and weather normalized. The
PTP rate had the greatest impact, result-
ing in up to 29-percent peak reduction,
while the TOU rates had the lowest
impacts, between 2- and 4-percent peak
reduction. As expected, the higher rates
under the PTP and PTR led to greater
peak impacts.

As with BGE, obtaining results 
for different income levels was more 
complicated. Only 552 out of 1,251
customers responded to the income
question on the survey. However, 
within the subset of customers who did
respond to the income question, the
degree of price responsiveness for low-
income customers was about the same 
as for the average customer.

Using the second definition of low
income—hardship—the results were
slightly different. In this case, results
indicated that hardship customers
responded slightly less than the average
customer to the PTP rate. The incre-
mental effect of the PTR rate was simi-
lar for hardship and non-hardship
customers. Average customers
responded to the high PTP rate with a
20-percent peak reduction, and hard-
ship customers responded with an
approximate 13-percent reduction.5

� Pepco PowerCentsDC Pilot–
District of Columbia: Pepco DC

PWEP All-in Rate Designs, in $/kWh (June 1 2009 - August 31, 2009)

Period Total Tariff Rate
($/kWh)

Low High Low High Low High

Peak 0.201 0.856 1.815 0.272 0.343 0.655 1.614

Off Peak 0.201 0.186 0.165 0.172 0.143 N/A N/A

PTP Rate
($/kWh)

TOU Rate
($/kWh)

PTR Rebate
($/kWh)

CL&P PLAN-IT WISE ALL-IN RATE DESIGNS

Source: CL&P Plan-It-W
ise Energy Pilot

FIG. 3

Note: The values shown in the table are weighted averages for Rate 1 and Rate 5 customers.

The percentage of low-
income customers who
will benefit depends on
the rate design itself.
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administered its PowerCentsDC pilot
from July 2008 to February 2009. The
pilot involved nearly 900 treatment and
400 control-group customers. One
unique feature of the PowerCentsDC
program is that it actively recruited a
group of low-income customers to
understand their responsiveness to
dynamic pricing. All program partici-
pants randomly were selected and then
asked to participate in the program.

Three rate designs were tested in the
pilot: CPP, critical-peak rebate (CPR)
(which is the same as PTR), and hourly
pricing (HP). The critical-peak period
was from 2 p.m. to 6 p.m. on weekdays.
Customers with central air conditioners
also were offered a smart thermostat.
Customers who had Pepco’s residential
aid discount (RAD) status were defined
as low-income customers. Under the
program design, low-income partici-
pants only could be placed on the CPR,
not the CPP rate. According to Pepco’s
PowerCents DC September 2010 report,
low-income customers on the CPR were
slightly less responsive than the higher-
income customers.6 The results indicate
that low-income customers on the CPR
exhibited 11-percent peak reduction,
while the higher-income customers
reduced their peak loads by 13 percent.

� PG&E SmartRate Tariff–
California: PG&E deployed the first
large-scale CPP program in North
America directed at residential cus-
tomers in the summer of 2008 for the
six months May through October. The
SmartRate tariff initially was offered to
residential (E-1 and E-8) and non-resi-
dential (A-1) customers in the Central
Valley town of Bakersfield and the
greater Kern County region, which lies
in the southern-most portion of its serv-
ice area. The SmartRate program was
offered again in 2009. By the end of
summer 2009, the program had roughly
25,000 active participants. Results for
both 2008 and 2009 are reported below.

The SmartRate price was layered on

top of PG&E’s default tariff. For residen-
tial customers, the incremental charge of
$0.60 per kWh applied during critical
hours on SmartDays, and a credit of
about $0.03 per kWh applied to all other
hours to maintain revenue neutrality. 

Up to 15 SmartDays could be called
over the course of the summer; in 2008,
nine SmartDays were called. The critical
peak period was from 2 p.m. to 7 p.m.
The incremental charge and credits were
layered on top of the existing 5-Tier

inclining block rate tariff.
Low-income customers are designated

as those who qualify for California Alter-
nate Rates for Energy (CARE), a program
in which low-income customers receive
substantially discounted rates.

In 2008, the average residential cus-
tomer across the nine SmartDays
reduced peak load by 16.6 percent;
CARE customers reduced peak load by
11 percent; and, non-CARE by 22.6
percent on average (see Figure 5).
Hence, the response of low-income cus-
tomers was lower than that of the higher
income customers, but still sizable.

In 2009, the average CARE peak
reduction was 7.5 percent and the aver-
age non-CARE peak reduction at 22.7
percent, with an overall average customer
response of 15 percent. Thus, the CARE
customers in 2008 responded half as
much as non-CARE customers, while in

2009 they responded one-third as much.
� California Statewide Pricing

Pilot (SPP): In 2003, California initi-
ated its Statewide Pricing Pilot (SPP) to
help quantify demand response to
dynamic pricing. The SPP included
approximately 2,500 residential and
small commercial and industrial cus-
tomers and tested several different time-
varying rates during the following three
years. Although this pilot now is several
years old, it’s included because the results

are widely cited and remain relevant.
The rates included a TOU rate, in

which the peak to off-peak price ratio
was roughly 2:1 and a CPP tariff, in
which the critical peak to off-peak ratio
was 6:1. The CPP-F rate had a fixed
critical-peak period and day-ahead noti-
fication. Similar to the PG&E Smart-
Rate program, the peak period was from
2 p.m. to 7 p.m.

The experiment was divided into
three tracks, two of which are relevant.
Track A was designed to be representa-
tive of California’s general population.
And Track B was designed to be repre-
sentative of the members of a low-
income community in San Francisco.
Track A was spread over four climate
zones in California, and Track B focused
on a single climate zone.

Track A yielded results on two cate-
gories of low-income customers. First,
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snapshots of low-income and high-
income customers were compared, with
low-income customers having an average
income of $40,000, and high-income
having an average income of $100,000.
Second, the price responsiveness of cus-
tomers on the state’s CARE program,
who receive a discount on their electricity
bill, was compared with the responsive-
ness of non-CARE customers.

Overall, high-income households
were somewhat more price-responsive
than low-income households; however,
the difference wasn’t substantial. 

Track A compared the peak demand
reductions of low-income ($40,000) and
high-income ($100,000) customers, as
well as CARE vs. non-CARE customers.
Customers with average incomes of
$100,000 exhibited average peak reduc-

tions of 16 percent on the CPP-F rate,
while customers with average incomes of
$40,000 exhibited average peak reduc-
tions of 11 percent (see Figure 6). Simi-
larly, non-CARE customers exhibited
average peak reductions of 16 percent
while CARE customers exhibited peak
reductions averaging 3 percent.

Within Track B, designed to be rep-
resentative of the low-income commu-
nity, customers that received only
information reduced peak demand by
1.15 percent, while those that were also
placed on the CPP-F rate reduced peak
demand by 2.6 percent.

Dynamic Pricing Evaluation

In several pilots and programs that utili-
ties have performed, low-income cus-
tomers did respond to dynamic rates,

and many such customers benefitted
even without shifting load. Conse-
quently, when evaluating dynamic pric-
ing, it’s important to recognize that such
rates may be beneficial to a large per-
centage of low-income customers. 

While there’s mixed evidence on the
magnitude of the responsiveness of low-
income customers relative to other cus-
tomers, there’s strong evidence across
these five programs that low-income
customers do respond to dynamic rates
and, in many cases, that response is a
load reduction exceeding 10 percent. 

Furthermore, even without respond-
ing to dynamic rates, a large percentage
of low-income customers will be imme-
diate beneficiaries of dynamic rates due
to their flatter-than-average load pro-
files. Finally, restricting access to
dynamic rates may, in fact, be harmful
to a large percentage of low-income 
customers. 

Endnotes:
1.  See the white paper, “The Impact of Dynamic Pricing

on Low Income Customers,” posted on the Web site of
the Institute of Electric Efficiency: http://www.edison-
foundation.net/iee/reports/index.htm. 

2.  In this sample, smaller customers tended to have
flatter load shapes, and therefore also tended to
experience immediate bill decreases. So, for the sam-
ple as a whole, the revenue change was close to zero,
even though there were more winners than losers.

3.  Another Smart Energy Pricing pilot was carried out
in summer 2009, but there are no separate low-
income results from the 2009 analysis.

4.  In this pilot, the baseline was calculated by identify-
ing ten non-event non-holiday weekdays preceding
an event day, choosing the three highest kWh days
while omitting any days not within 10 percent of
the THI for the event day, and using these remain-
ing days to calculate an average 24-hour load pro-
file for each PTR customer.

5.  In this case of hardship, comparisons were made
based on treatment customers only, since there were
no control customers with hardship status.

6.  Although preliminary results from the Wolak
paper, An Experimental Comparison of Critical Peak
and Hourly Pricing: The PowerCents DC Program,
March 2010, showed that low-income customers
were more responsive than higher-income cus-
tomers, the final results show the responses of low-
income customers to be similar but slightly lower
than higher-income customers (see PowerCentsDC
Program Final Report, September 2010).
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