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Abstract
This paper quantifies the increased green house gas emissions and negative effect on energy
conservation (or “efficiency penalty”) due to electric rate structures that employ an unavoidable
customer charge. First the extent of customer charges was determined from a nationwide survey of U.S.
electric tariffs. To eliminate the customer charge nationally while maintaining a fixed sum for electric
companies for a given amount of electricity, an increase of 7.12% in the residential electrical rate was
found to be necessary. If enacted, this increase in the electric rate would result in a 6.4% reduction in
overall electricity consumption, conserving 73 billion kW-hrs, eliminating 44.3 million metric tons of
carbon dioxide, and saving the entire U.S. residential sector over $8 billion per year. As shown here,
these reductions would come from increased avoidable costs thus leveraging an increased rate of return
on investments in energy efficiency, energy conservation behavior, distributed energy generation, and
fuel choices. Finally, limitations of this study and analysis are discussed and conclusions are drawn for
proposed energy policy changes.
Keywords: carbon dioxide, distributed generation, energy conservation, energy efficiency, electricity
conservation, green house gas, utility rates
Introduction:
Global climate destabilization is primarily due to the combustion of fossil fuels for energy and the
resultant carbon dioxide (CO2) emissions, a potent greenhouse gas (GHG) (IPCC, 2007a). The
Intergovernmental Panel on Climate Change warns that unmitigated, climate change in the long term is
likely to exceed the capacity of natural, managed and human systems to adapt (2007b). Clearly it is in
the public’s best interest to have an aggressive mix of strategies that includes mitigation, adaptation, and
technological development to subvert serious harms to the global environment, human health and the
longterm viability of the economy due to climate change. Even small changes to policies or behaviors
that save energy and reduce emissions, in aggregate can have a profound effect on energy use, national
energy economics, and the global climate (Pearce and Hanlon, 2007). This paper focuses on the effects
of eliminating the electrical utility customer charge to encourage efficient use of electricity.
Currently, based on regulations from the public utility commissions in all 50 U.S. states, the electric
utilities may break monthly electrical charges into two parts: 1) the customer charge  a fixed charge
($/bill), and 2) charge based on actual consumption of electricity ($/kWhrs). This charge is the same,
independent of electricity consumption. This method of billing has created an incentive to use electricity
less efficiently, and thus increase the GHG emissions due to electricity generation. For all electricity
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consumers that pay fixed customer charges, the more electricity they use the less per unit energy they
pay for it. This paper explores the effect on consumer energy choices and emissions from a rate structure
change in which the customer charge is eliminated while maintaining a fixed sum for utility companies
for a given amount of electricity consumption.
First this paper reviews the regulations revolving around the customer charge, details the resultant
“efficiency penalty” as a function of energy consumption, and then it employs the following
methodology to provide a solution. The extent of customer charges in the U.S. is established by
surveying utility tariffs in all 50 states. Then the following is determined based on a new proposed
national electricity regulations that eliminate all customer charges by folding them into slightly
increased rate charges for all consumers : i) quantification of the rate increase (cost per kWhr) needed
to eliminate the customer charge nationally, ii) estimates on green house gas emissions reductions
enabled by increased electricity rates, and iii) the effect on rate of return on energy efficiency
investments, distributed energy generation economics, and fuel choice. Finally, limitations of this study
and analysis will be discussed and conclusions will be drawn for suggested policy changes.
1. The Customer Charge
The customer charge is a fixed, recurring (monthly or daily) charge that all customers pay whether or
not they use any electricity. Customer charges initially gained acceptability on the grounds that metering
and billing costs are not related to usage at all, and were adopted by commissions in part on that basis
(Weston, et al., 2000). One variant of the standard customer charge is the “minimum bill”, which
requires payment of a monthly charge, but with it also comes a specified number of “free” kWhrs
before being billed on a per unit basis. Initially, the customer charges were generally low, although this
is changing because there is electric utility pressure to have an increasing portion of residential electric
bills come from fixed charges. Electric utilities favor fixed charges like the customer charge because,
like many businesses they derive their revenue by charging for their variable services (electricity
consumed on a monthly basis) even though many of their costs are fixed and do not vary strongly with
the amount of electricity consumed. In addition to the decreased risk by ensuring revenue stability from
customer charges, electric utilities support such rate schedules because high customer charges: i) limit
the perceived competition and threat to profits from energy efficiency and distributed generation, ii)
positions the electric utility well against gas companies and can influence fuel choice among customers
in their favor, and iii) can increase profits of affiliated marketers and generators, and (if they do not
obtain 100% distribution customer charges) increase profits of the regulated company under
performancebased ratemaking (Marcus and Coyle, 1999).
Public Utilities Commissions (PUCs) regulate electricity providers for the benefit of the public.
Although, the fiscal health of the utility is usually a good surrogate for the public benefit it is not always
the case because many social benefits, including economic benefits, accrue to society as a whole and not
necessarily the utility from various rate structures. Regulators have long resisted disproportionate
growth in fixed charges primarily because of their adverse impacts on lowvolume users. Now, however,
regulators allow considerable customer charges in many states. Increases in customer charges are being
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formulated on two additional bases: 1) treating distribution charges as customer charges, and 2) folding
additional equipment costs of time of use billing into customer charges.
1.1 Distribution Charges as Customer Charges
There has been an expanding array of proposals to increase the customer charge from utilities by
including the distribution charges. For example, the Nevada Public Service Commission approved a
proposal from the Nevada Power Company and Sierra Power that significantly increased the monthly
recurring customer charges to cover all distribution costs (Takahashi, et al., 2005). Similarly, Southern
California Edison filed a proposal for a $17.00/month fixed customer charge for residential consumers
arguing that distribution system costs are for the most part fixed and do not vary with load or throughput
and therefore should be covered in fixed, recurring charges (2000). The fallacy of this argument is that
large portions of the distribution system (even for a summer peaking utility) must be built more
expensively to serve neighborhoods of new electric heat customers than customers using gas for space
and water heating (Marcus and Coyle, 1999). While distribution costs are not sensitive to usage in the
short-term (because the embedded costs of serving a high-volume customer vs. a low volume customer
are equivalent), distribution costs are in fact sensitive to usage in the long-term, as growing electricity
demand requires costly equipment upgrades (Takahashi, et al., 2005). When distribution costs are split
into customer and demand portions (e.g. splitting the distribution system into a minimum usage
[customer charge] and above minimum usage portion [per kW-hr charge]), low-use or efficient
electricity consumers are charged twice: once on a customer basis, for a portion of the system sized to
meet their demands; and again on a demand basis for a portion of the system sized to serve demand
beyond what would be needed to serve them (Sterzinger, 1981). Energy efficient electrical consumers
are thus overcharged. Sterzinger concluded that the only reasonable remedy for the problem of
overcharging was to classify the entire distribution system on a consistent basis, which would be a
demand basis, where traditional costofservice studies do not support a high customer charge.
1.2 Time of Use Rates as Customer Charges
In order to more accurately follow the actual price of electricity, pricing is becoming progressively more
timebased, using timeofuse (TOU) rates, critical peak pricing (CPP), and realtime pricing (RTP). All
timebased rates other than seasonal rates require meters that register customer electricity consumption
based on timeofday or more frequent billing blocks. Traditional meters for smaller customers such as
residential homes and small businesses that were installed several years ago, or even newer remotely
readable ones, still tend not to record timeofday usage (FERC, 2006). The Federal Energy Regulatory
Commission (FERC) has suggested that the additional capital and operating cost of replacing or
upgrading these meters can be included in separate customer charges, as determined by individual public
utility commissions, if customers choose TOU rates (FERC, 2006). The capital investment for the new
TOU meters and installation will thereby be again shifted to the energy consumers, effectively
increasing their customer charge – or nonavoidable electricity costs. There is considerable evidence that
TOU pricing is an environmental benefit because it shifts utilities away from the least efficient (and
often most expensive) traditional energy supplies because it provides an economic incentive for energy
consumers to modify their energy use to reduce peak demand (Taylor and Schwarz, 1990). Treating
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TOU equipment as an additional customer charge, negates some of the environmental benefits of TOU
by discouraging electricity conservation as will be shown below.
2. The Customer Charge “Efficiency Penalty”
As discussed in section 1, customer charges and other fixed charges are currently being used to
subsidize the electricity costs for large consumers at the expense of more energy efficient users in direct
opposition to the public’s best interest. Because of this rate structure, large institutional users are able to
take advantage of the full economic benefits of their energy conservation efforts, while relatively small
energy consumers are not. This can be more easily understood by looking at the difference between the
avoidable electricity cost and the actual electricity cost for electricity. Figure 1 illustrates this point using
the customer charge for Allegheny Power customers in Pennsylvania ($10.00/month) with its
concomitant avoidable rate cost per kWhr of $0.0626. As can be seen Figure 1, the disparity between
the actual and avoidable cost is substantial until over 400 kW/hrs per month is consumed. The
percentage of the bill made up by the customer charge can be seen in the inset in Figure 1 as a function
of kWhrs/month.
Examples from small and medium sized users illustrate the small user or “efficiency penalty” of fixed
customer charges. For example, for a small user  a single person living in an apartment that is
individually submetered, who uses only 1kWhr per day primarily to run a refrigerator and some lights
is effectively paying 40 cents per kWhr rather than 6 cents/kWhr and 84% of her bill is derived from
the customer charge.
The efficiency penalty can effectively discourage energy efficiency. For example consider a couple
using 190 kWhrs a month, which effectively doubled the electric rate from 6 to 12 cents per kWhr and
has 45% of their bill go to the unavoidable customer charge. If they decide to try to lower their electric
bill and deploy energy efficient appliances, they may drop their electricity use to 100kWhrs per month.
Then 61.5% of their bill goes towards the customer charge and they are paying an effective rate of 16
cents per kWhr. While the couple has lowered their electric use from 190 to 100 kWhrs per month (a
47% drop) their electric bill goes from $21.88 to $16.25/month only a 26% drop. This reduced rate of
fiscal return on energy efficiency gains discourages energy efficient practices and the use of more
energy efficient technologies. Western Pennsylvania is not an enigma; it was chosen to be
demonstrative. The efficiency penalty is directly proportional to the customer charge. The efficiency
penalty varies widely from state to state based on the rate structure and customer charge present in the
different states as can be seen by Table I.
The customer charge has been increasing on a state by state basis with no national consensus or
guidelines. In order to determine the extent of these increases a survey of utility rate tariffs in all 50
states was performed and summarized in Table 1. Table I shows by state: population (U.S. Census
Bureau, 2006), average household size (U.S. Census Bureau, 2005), average number of households, a
representative electric utility in each state, the monthly customer charge, the aggregate customer charges
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per month per state, and the source of the rate information. The average customer charge, Cave, was
found to be $6.62/month from:
50
p
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where cs is the customer charge in a given state, ps is the population of that state and hs is the average
household size in that state. Based on this initial survey of electric rates, nationally electric users are
paying over $760 million/month in customer charges or over $9 billion/year. Future work to identify the
rates for every utility operating in every state is necessary and expected soon (Edison Electric Institute,
2007), but the numbers from this preliminary survey are enough to lay out the general policy framework
for customer charges and draw initial conclusions. As can be seen in Table I, the customer charge varies
considerably from state to state, where the lowest charge of $2.51/month was found in New Jersey and
the largest, at $25/month, was in Utah.
3. Folding Fixed Costs into Electrical Rates
In order to implement a new utility rate that contains no customer charges while ensuring that electricity
providers make the same revenue as under current regulations, the total money going to the utilities
should remain the same for a given aggregate electricity use. The electric rate will have to be increased
and this new rate will be called the “efficient rate”, re [$/kWhr], given by:
 r s ×E aveC ave 
(2)
r e=
E ave
Where rs is the current average standard rate [$/kWhr], Cave is the current average customer charge
determined from Table I and equation (1), and Eave is the average energy consumed [kWhrs] for an
individual household/consumer. The average cost of electricity in U.S. in 2006, rs, was $0.1047/kWhr
(Energy Information Administration, 2007) and the average annual electricity use per household is
10,654 kWhrs/year (Energy Information Administration, 2005). The average of the customer charges is
$6.62/month having been weighted by the ratio of the number of households in the state to the total
number of households in the U.S. via equation (1). The customer charge represents on average about 7%
of the average electric bill, although it ranges from ~3% to 27%, in New Jersey and Utah respectively.
The impact of the customer charge as seen by averages can be misleading because, as will be shown
below, for energy efficient users the percentages can be substantially higher.
The average household customer uses 887 kWhrs/month and at 10.47 cents per kWhr pays $92.96 per
month in demand and $99.58 per month in total. If the average electric rate is increased by 7.12% to
eliminate the customer charge the average customer still pays $99.58/month so the rate change is
revenue neutral. However, now the average electric rate is re = $0.1123/kWhr an increase of 7.5/10ths of
a cent per kWhr. For a more energy efficient customer using only 300 kWh/month (or about 1/3 of the
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average), the monthly bill under the status quo rate structure is $38.03 and, under the new rates, is
$33.69 (decrease of about 13%), even though there is no change in usage. If the same family deployed a
number of energy saving devices, they could cut their use to 100kWhrs/month. Thus, they would
decrease their electricity use by 1/3. In the status quo case, their bill would drop from $38.03 to $17.09
(a drop of 55%) while with the new rates see a bill of $33.69/month shrink to $11.23 (a decrease of
67%). Overall, the energy efficient users would pay 34% less under the new rates. Thus the less
electricity a person uses under the new rate structure using re, the greater their incentive to conserve as
compared to the standard rate structure.
4. Potential Greenhouse Gas Emission Reductions
Growth of renewable energy use will drive down GHG emissions, but it seems clear that increased
efficiency and overall decreased use of energy have a potential larger effect on climate stability
(Kutscher, 2007). The use of re to increase the avoidable cost of electricity while eliminating the
unavoidable cost of electricity will reduce GHG emissions by leveraging the demand response to
encourage efficiency, distributed generation, and less carbon-intensive fuels.
In our current society, price increases generally provide a signal to customers to reduce the amount they
consume. The price must of course be avoidable if it is to have this effect. By contrast, lower prices or
non-avoidable costs may encourage some customers to consume more than they would have at higher
prices. Price changes thus play an important economic function by encouraging customers to respond to
changing market conditions (FERC, 2006a). In the electric power industry, consumer’s price
responsiveness is often referred to as “demand response” to “price elasticity”. A price elasticity provides
a normalized measure of the intensity of customers’ load changes in response to price circumstances,
especially for time-varying rates or demand response programs that induce load modifications directly in
response to price changes such as the TOU detailed in section 1.2. Demand response is defined as the
percentage change in usage for a one-percent change in price, and takes on values of zero and above, in
absolute terms (DOE, 2006). For example, if a customer’s price elasticity is 0.15, then a doubling (100%
change) of price results in a 15% reduction in electricity usage, other things equal. Here we are using the
definition for “own-price elasticity”, where usage goes down as price goes up. King and Chatterjee
(2003) reviewed price elasticity estimates from 36 studies of residential and small commercial
customers published between 1980 and 2003. They report an average own-price elasticity in the short
run of – 0.28 among this group of studies, with studies ranging between – 0.23 and – 0.34 with 95%
confidence. In the long run they obtained an own-price elasticity of – 0.9 with a range of – 0.6 to – 1.2
with 80% confidence. So, in this case, we have a 7.12% increase in the electric rate from folding the
customer charge into the per kW-hr rate would be expected to result in a 6.4% reduction (range 4.3% to
8.5%) in overall electricity usage. Electricity consumption by 107 million U.S. households in 2001
totaled 1,140 billion kW-hrs (EIA, 2005). A decrease of 6.4% would conserve 73 billion kW-hrs (range
49 to 97 billion kW-hrs). The average family using 10,654kW-hrs/year and paying $1,190/year would
see a savings of $76 and the regulation change would save the entire U.S. residential sector over $8
billion each year. The elimination of customer charges is thus in the best interest of the public on strictly
financial grounds.
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On average with the U.S. current energy mix, 1.341 pounds of carbon dioxide (CO2) are released into
the atmosphere for each kWhr produced (DOE and EPA, 2000). This change in electrical rate structure
would thus be expected to result in CO2 emission reduction of 97.839 billion pounds or 44.3 million
metric tons. This is equivalent to removing over 9.6 million cars from the road assuming 11,400 miles
traveled per year (EIA, 2006a) at 22.1 m.p.g (TRB, 2006) and 19.564 pounds of CO2 per gallon of
gasoline (EIA, 2006c).
These estimates, although enormous, can be viewed as fairly conservative because the proposed change
in electrical rates will reduce GHG emissions by not only encouraging more energy conservation in
behaviors/curtailment (e.g. turning off lights, unplugging phantom loads that make up ~10% of current
electricity use, or putting computers into sleep mode), but also i) increasing ROI for energy efficiency
projects, ii) improving distributed generation and combined heat and power economics, and iii) moving
consumers towards less carbon intensive energy sources.
4.1 Effect on Return on Investment for Energy Efficiency Projects
Energy efficiency retrofits of both industry and households can provide surprisingly high returns on
investment (ROI) (Lovins, et al., 1999; Pearce and Miller, 2006). However, consumers use very high
discount rates and thus demand relatively high ROIs when energy efficiency is concerned. As long as
the product is purchased on credit, however, and the ROI is greater than the interest rate, then the person
pays less money at all times. In fact, because poor people tend to use higher discount rates (require
short paybacks), they can benefit more than any other group from eliminating the customer charge. In
order to obtain these high ROIs, any increase in avoidable electric rates is useful. The increase of 7.12%
that we determined from Section 3 has a profound effect on the ROI calculated for energy efficiency
projects. In order to calculate the ROI for an energy efficiency or distributed generation project the
following formula can be utilized (Young, 1993):
P 1−e−RT
(3)
=
S
R
where P is the difference in principal investment between the efficient device and the standard device
the purchase price including installation costs, S is the value of the energy savings per year, R is the rate
of interest in percent, and T is the time of life of the energy efficiency device. Thus, the ratio P/S is the
payback time of the energy efficiency project. The annual savings (S) should take into account the net
cost savings in energy, power, water, maintenance, etc. in a year. A simple graphical method has been
developed to utilize this equation to compare ROIs from an energy efficiency project to a standard
interest rate (Pearce and Uhl, 2003). This same method can be used to see the effect increasing the
electric rates by shifting the customer charge into the rate following equation (2).
With the inclusion of a customer charge in current rates, large institutions can effectively obtain a higher
ROI on energy efficiency improvements. For example, this perverse incentive explains in part why most
major hotel chains have already retrofitted antiquated incandescent lamps with compact fluorescent light
(CFL) bulbs, while most small energy consumers have not (e.g. home owners, small business owners,
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and most ironically those who need to save small amounts of money the most  low income families).
There is an opportunity to significantly reduce operating costs associated with electricity use by
retrofitting existing incandescent lighting with more energy efficient CFLs. CFL bulbs use one quarter
the energy to produce the same amount of light (and thus produce one quarter of the pollution and
greenhouse gases), fit in the average light socket, last longer, and cost less over their lifecycle than
incandescent bulbs. Normally a high ROI can be obtained while reducing greenhouse gas emissions by
retrofitting incandescent bulbs with CFLs. Despite widespread availability and ease of implementation,
however, CFLs are seldom used in the U.S. (EIA, 1996). Even the most successful publicity campaigns
targeted at small businesses and homeowners, generally have success rates 69% or less (Pearce and
Russill, 2005). Often the reason given for nonimplementation involves initial investment favoring
traditional investments with far lower returns and far greater risk (Pearce and Russil, 2005).
To illustrate the importance of instituting re, consider the effects of an increase in $/kWhr due to
elimination of the customer charge in New Hampshire from Table I (c=$20/month) has on CFL retrofits
for different times of use. By rearranging equation (1), the difference in electric rates, re – rs, can be
found to be simply c/(average kWhrs) used or for the 887kWhrs it is 2.25 cents per kWhr. The effect
of this seemingly small difference in cost per kWhr is shown in Figure 2. In Figure 2 avoidable electric
rates of 2, 4, 6, 8, 10, 12, 14, 16 cents per kWhr for time of use per day of 0.5, 1, 2, 4, 6, 8, 12, and 24
hours are shown as symbols. The curved lines represent the rate of return for a given investment derived
from equation (3). The straight lines connecting the symbols allow one to determine the rate of return at
a given $/kWhr basis for any electricity consumption. The lifetime is found by dividing the life of the
lamp by the number of hours it is used per year. The increase in the electric rate can have a large effect
on the ROI. For example, for the case of the light being used 2 hours per day (lifetime of 11 years) an
increase in 2 cents per kWhr in the least expensive rate (black diamonds to downward pointing open
triangles) causes an increase in the ROI from ~50% to 70%  an increase of 20%!
As can be seen in Figure 2, in all the cases from the least expensive electricity and low use (1/2 hour per
day) to the most expensive electricity using the light 24 hours a day (e.g. safety lighting without
conservation controls) the rate of return to retrofit with CFLs is better than, or very competitive with,
any standard investment. Not all energy efficient improvements offer such competitive returns so the
difference the additional avoidable cost of electricity can be the determining factor for the deployment
of energy efficiency projects.
4.2 Effect on Distributed Generation Economics
Distributed generation (DG) (also called “Distributed Energy” or “Onsite Generation”) allows energy
consumers to generate heat and electricity for their own needs on site. DG technologies include: wind
turbines, solar photovoltaic cells, fuel cells, microturbines, stirling engines, combustion turbines, and
reciprocating engines. DG systems with combined heat and power (CHP) systems can be very efficient.
For example, an offtheshelf microturbine system (Capstone, 2005), which runs on clean natural gas, is
80% efficient compared to 33% efficiency for conventional coal fired power plants. These high
efficiencies can be obtained because the ‘waste’ heat from the process to generate electricity is put to
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use offsetting energy that would be needed to provide space heating, water heating, or even cooling in
the case of absorption chillers. This is unlike the circumstances in conventional power plants where the
waste heat actually is wasted, generally being vented to atmosphere.
DG and CHP systems offer several benefits for the public. First, if DG systems are used during peak
electrical times, the expansion rate of the centralized grid power system is slowed and additional fossil
fuel plants are prevented or pushed into the future. The high efficiencies of CHP and renewable nature
of many DG, thus offer both reduced costs and significant reductions of CO2 emissions (Strachan and
Farrell, 2006). Some of the reduced costs come from reducing the investment necessary for transport
and distribution infrastructures and the postponement of investment decisions on large centralized units
(Hoff, 1996; Hoff, et al., 1996; Koeppel, 2003). In sufficient numbers, interconnected DG and CHP
systems enhances reliability and security of the grid in the face of natural disasters, war and terrorism;
reduced need for transmission and distribution upgrades; and easier plant site determination (Bayless,
1994; Casten and Casten 2001; Zerrif, et al., 2002). Simply put, the more generators on the grid the greater
its reliability. Thus the most reliable grid of the future will be one in which every consumer is also a
producer, whether it be from a CHP furnace, photovoltaic roof, or plugin hybrid car. Despite these
advantages, CHP and other DG systems are currently not very widespread in the U.S., particularly those
on the residential scale. DG and CHP can, however, be far more widespread. For example, in Denmark,
the distributed share in the gross electricity production increased from 1% in 1980 to 35% in 2001 using
24% decentralized CHP and 11% wind turbines (Danish Energy Authority, 2004). So in summary, when
CHP systems are deployed the entire electric grid system efficiency is increased, emissions are cut
drastically, the grid becomes more reliable and utility customers can save significant energy costs.
Clearly, it is in the best interest of the American public to support policies that encourage these
technologies to be far more widespread.
CHP systems can be thought of as synonymous with energy efficiency projects and treated similarly as
those examples in section 4.1. For an initial investment, a decision maker earns a return in primary
energy savings and money. Currently, most CHP systems are primarily found in industry, government or
in university cogeneration facilities, although new technologies such as Climate Energy’s micro-CHP
system are scaled for use in the home. By increasing the amount of avoidable costs for the use of CHP
systems, the deployment rates could increase substantially. For example, Hadley, et al. performed a
payback analysis for CHP installations in government building. Economic paybacks were 4.3 years in
hospital and industrial settings, 5.5 years for prisons, 8.2 years in research and development facilities,
9.3 years in offices and services buildings, and 11.9 years in schools (Hadley, et al., 2002). Some of
these facilities thus fall on or near decision rules of thumb of 5 and 10 year paybacks for energy service
company contracts (Pearce and Miller, 2006). Elimination of fixed rates such as customer charges
increase the advantage of customer-side distributed generation by decreasing the payback period and
thus boosting the ROI into regions that either ESCOs or users themselves can finance profitably. Again,
because the customer charge is not avoidable, it effectively becomes a sunk cost and actively prevents
such CHP systems from being deployed by electricity customers.
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The scale and many of the technologies available for customer-side distributed generation have
considerable potential. Most homes and businesses could deploy solar photovoltaic arrays on their roofs
or replace older furnaces with CHP systems such as the FreeWatt system, which combines a 93%
efficient gas furnace or 95% efficient gas boiler with a over 85% efficient (heat and electric) Honda
powered natural gas engine-generator module (Climate Energy, 2007). If even 10% of households in the
U.S. installed the 1.2kW FreeWatt and 0.6kW of solar photovoltaic panels (a very modest installation of
a few panels) the grid would have an additional 20GW. These systems, would not of course act as base
load, but clearly the potential for DG and CHP is enormous in the residential market. The realization of
this potential would be enhanced by the elimination of the customer charge.
4.3 Customer Charge Effects on Type of Energy Choice
Not only do increased customer charges directly discourage energy efficiency and distributed generation
projects, customer charges also can provide an economic advantage against more efficient and
environmentally more favorable choice offered by direct use of natural gas for both residential space
heating and water heating. If electric distribution rates are collected in fixed charges such as customer
charges, regardless of the type of existing space or water heating for a customer, the electricity rate can
be made so low (in some cases “free” for a given amount of energy) that it becomes attractive to switch
to electricity over gas. Thus, a rate design heavily fortified with customer charges makes it cheaper for
the customer to have the electric utility burn gas or coal relatively inefficiently in a power plant (e.g.
35%), transmit (and suffer transmission losses ~6% (EIA, 2005b)) that electricity over the whole
infrastructure, and deliver it to the customer to use for heating rather than have the customer burn gas
directly, at greater efficiency (>80%), in an onsite water heater or furnace.
Heating from natural gas furnaces is roughly 2.5 times more efficient than via electric heating. Even if
the electricity comes from natural gas turbines, the GHG emissions are roughly 50% higher than if space
and water heating is provided by a distributed network of home furnaces burning the same natural gas.
From the view of delivering energy to the population in the most efficient manner possible and to reduce
GHG emissions as much as possible – this type of manipulation of energy rates to prevent competition
from more efficient technologies is unacceptable.
5. Limitations to Approach and Future Work
This paper has shown that any inclusion of distribution costs in a fixed customer charge effectively
double charges energy efficient and lowuse users. Efficient users are subsidizing ‘energy hogs’ under
the current rate structure found in all U.S. States. In section 2 we quantified the efficiency penalty that is
shouldered by the energy efficient and lowuse electricity customers because of the customer charge.
Section 4 showed that the public is also currently subsidizing both increased external costs (unnecessary
CO2 emissions and concomitant climate disruption) and increased economic costs due to disincentives
caused by the customer charge for energy efficiency, distributed generation, and rational fuel sources for
heating. The preliminary attempts to quantify these costs and externalities presented in this paper should
be enhanced by more rigorous studies of each cost individually. In particular, the value of efficiency,
DG and CHP, and fuel choices must be determined for their economic benefits in the context of
expanding energy use. This factor can be considerable because any measure that reduces the need for
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additional construction of transmission and distribution assets will offset on average over $1,300/kW
(Little, 2000). Thus, the cost of delivered electricity can actually decrease in the long term for all
customers due to current forward thinking policy to encourage efficiency, DG, and decarbonized fuel
sources. It is clear, however, from the preceding limited information that it is in the public’s best interest
for the customer charge to be folded into a charge based on energy use. Finally, additional work is
needed to quantify the management implications of this proposal in far more detail than can be presented
here.
Summary and Conclusions
In general, PUCs support rate structures that encourage conservation and help consumers reduce their
overall bills. However, they are pressed by the utilities to support fixed costs as much as possible for the
reasons outlined earlier. Viewed from the electric utility perspective, the elimination of the customer
charges may appear to be a subsidy for the energy efficient consumer who would not be paying their
share of fixed customer costs. Unfortunately, the external costs generated from the incorrect market
signals from the customer charge currently are born by all users. The PUCs must show that any
alternative method of structuring rates allows the utility to recover the fixed costs of metering and
services that are incurred by all users, whether efficient in their usage or not. The method outlined in
this paper gives them the tool to do this, while potentially easing oversight by eliminating large amounts
of unnecessary accounting/paperwork and increasing efficiency even further. This paper showed if
customer charges are eliminated by increasing in the electric rate there would be a 6.4% reduction in
overall electricity consumption, conserving 73 billion kW-hrs, eliminating 44.3 million metric tons of
carbon dioxide, and saving the entire U.S. residential sector over $8 billion per year. In this case, it
appears that doing what is in the best financial interest of the utilities is not in the best interest of the
society as a whole, even including the large energy users.
Currently there is a penalty of increased costs per kWhr for instituting energy efficiency improvements,
distributed generation, and improved energy conservation behaviors because of fixed customer charges.
For efficient energy consumers, customer charges can represent a considerable percentage of their
monthly bills making the effective rate of electricity extremely high. These unavoidable costs actually
encourage consumers to waste energy and avoid making efficiency investments. The U.S.’s
homeowners and small business owners would benefit considerably if the utilities were required to
eliminate fixed customer charges. In this way, small energy users could more easily replicate the energy
efficiency improvements being made by industry and academia. If the identical value of the aggregate
customer charge is distributed among all customers based on the amount of electricity they use the
following occurs: i) the rate will increase (cost per kWhr) on average for energy consumers while
decreasing their total bill because, ii) this increase in the rate will encourage energy efficiency by
increasing the rate of return on energy efficiency investments and increasing the economic feedback of
conservation behaviors, iii), distributed energy generation is encouraged by aligning the cost of
electricity use for consumers more closely to the true cost of our electrical system and thus increasing
the efficiency of both the electrical and thermal energy systems, iv) the deficiency of the rate system
which rewards large energy consumers and less efficient users of energy by having small energy users
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and energy efficient consumers subsidize their use through customer charges will be corrected, v) green
house gas emissions will be reduced by combining all these market signals to energy consumers to both
reduce energy use, increase energy efficiency and distributed energy, and move towards renewable
sources of energy. The utilities would still obtain the same compensation as they do with the current
regulation; however, now the costs of energy would be equitably distributed between large and small
energy consumers. The additional benefits of an incentive for utility customers to reduce energy use is
clear (e.g. less “burned” money which could be used more productively in another sector of the
economy, conservation of energy for U.S. national security, environmental protection by reducing
emissions if it is assumed that small energy users would respond to the market incentive of greater
avoidable costs, etc.).
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Table I. By state: population, average household size, average number of households, a
representative electric utility, customer charge, aggregate customer charges per state, and source
for rate information.
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Figure 1. Actual Total Rate and Avoidable Rate [$/kWhr] as a function of Electricity
Consumption for Allegheny Power customers. The inset shows the percent of the total electric bill
due to the consumer charge as a function of kWhrs/month.
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Figure 2. Simple payback time (P/S) vs lifetime (T) for CFL retrofits for varying electrical rates
and time of use per day.
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