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Abstract: Climate change legislation is expected to raiseghort-term cost of coal and
natural gas used to generate electricity as weltaase the price of petroleum for
transportation. Several recent studies have ptediclimate change policies will
produce a net economic gain over time through iaseel energy efficiency and new jobs
created. Even so, policymakers are concerned atheummediate impact on consumers
of such legislation. This paper estimates an adabet of $15/ton of carbon dioxide
equivalent (CO2) carbon cap to average 2005 annesidential household electricity
bills in U.S. states. Applying the MIT EPPA maddetach state's 2005 coal and natural
gas consumption, the authors find that a $15/tor2 €Gst leads average household
electricity bills to increase by about 15%, but tdah states of North Dakota, Wyoming,
and West Virginia see increases of 65-105%, wheeaverage bills in the low-coal use
states of Maine, Vermont, and Hawalii increase bydt%ess. The average household's
annual electricity bills were found to rise by abd2% rise due to coal prices, and by
about 3% due to an increase in natural gas pric8tates with higher poverty rates were
generally found to experience an above averageimisieeir average electricity bills,
showing the potential for regressive impacts ofteieity price increases in the absence
of a compensating policy. Important factors inigaility included the composition of
each state's electricity mix, electricity pricedaper capita electricity consumption.
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l. I ntroduction

Opponents of climate change laws and treaties ofterpotentially high economic costs.
The Byrd-Hagel Resolution, passed by the US Sendt@897, stated that the Senate
would refuse to ratify the Kyoto Protocol or anyeimational agreement that would "
would result in serious harm to the economy ofuinéed States," in part, because, "the
level of required emission reductions could resufterious harm to the United States
economy, including significant job loss, trade digntages, increased energy and
consumer costs." More recently, on June 6, 20@8ltS. Senate was unable to move
past a filibuster to the Climate Security Act, atatled the Lieberman-Warner bill. The
main argument used by critics of the bill was thateconomic costs would be too high.
An outspoken opponent of climate change laws, Qiten Senator James Inhofe, was
guoted in Time Magazine as saying, "Any actionusthmot raise the cost of gasoline or
energy to American families."

Most experts agree that the transition to cleamelsfand electricity will most likely

cause prices to rise in the short term. In thgéorterm, economies are expected to adapt
and industries to change to accommodate higheggipeices. Many studies predict
climate policies to result in new energy efficienmchnologies, and jobs, possibly
producing a net gain to the economy, even befonsidering the benefits of avoided
climatic disruption. Even so, reducing the undatyearound the potential costs of

climate policy could address concerns of opponemd,provide ideas for mitigating

those costs.

This paper seeks to fill a niche in the climatagpoliterature by conducting a state-level,
rather than national or multi-state, analysis dtsdo household electricity bills.
Previous work on the potential costs of climatagies generally use national or multi-
state data to derive average costs for federatipsli In the absence of federal action on
climate change, many states have begun to implechemte policies, with California
and the northeastern states as leaders. The appsesng national or multi-state regional
data masks state-level heterogeneity. Statesinding composition of their electricity
mix, their electricity market structure, and elaxty pricing. This analysis lays the
groundwork for future research at the utility lev@hce there are disparities between
utilities within states as well.

This analysis may be helpful in designing an edpuet@arbon market system by
predicting which consumers will be most affectedobge increases from a carbon cap.
An estimate of how much the average household speme@lectricity in each state, and
how much those prices could increase with carbatsconay help regional carbon
capping systems determine how to apportion a cdobidget between states. The
average household electricity price impacts asutatied in this paper may prove to be an
important factor in comparing each state's baselhtefuture carbon budgets, and may
be combined with other factors such as populatr@hpojected growth, industrial
composition of the state, and other economic aitie.
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The electricity sector is a major source of greeisieogas emissions, and the primary
target for emission reductions in many proposeérgreuse gas laws. Coal is the one of
the most carbon intensive inputs to the economis dlso the cheapest source of
conventional electrical power. Coal comprises aB@%o of US electricity supply.
According to Green (2007), the carbon content af per energy unit is 1.9 Mt CO2/unit
compared to .432 for crude oil, .054 for naturad,gand .009 for gasoline. The
imposition of a carbon price is predicted to hawefirst and greatest impact on coal, due
to its carbon intensity. The lower carbon intgnsitnatural gas is predicted to create
price incentives for fuel substitution from coalrtatural gas for electricity generation
(Green 2007: Tables 1 and 2). This paper estinthgesost impact on the average
consumer by state of a $15/ton carbon price affgailectricity generated by coal and
natural gas, and compares the incidence of elggtgaces on the average consumer by
state using 2005 data.

Part 1l below provides background on electriciticprregimes, and describes previous
studies that looked at carbon price impacts ah#tmnal level. Part Il describes the
assumptions, methodology, results, and limitatioirthis study. Part IV lists policy
implications for utilities and future studies tltauld expand on the findings presented
here.

II. Electricity priceincreasesresulting from climate policies

In traditional regulated state electricity systesisctricity is priced at the average cost.
Pricing is determined by the cost-of-service oftbgulated entity, which uses average
costs (total costs divided by total sales). Bytast, electricity prices in deregulated
markets is theoretically determined by the margouasts, defined as the operations and
maintenance (O&M) costs of the most expensive geimgy plant needed to supply the
immediate demand for electricity. In competitiegions, electricity price is determined
by the variable cost of the marginal generationitgc

By 2007, 17 states allowed "retail access" to takctricity grid. The EIA terms these
deregulated states as "restructuredeveral states including California, Nevada,
Montana, Arkansas, and Virginia had previously pdsteregulating laws between 1998-
2003, but had suspended retail access as of 2007.

States with no restructuring States with restructuring

Alabama, Alaska, Arkansas, California, | Arizona, Connecticut, Delaware, lllinois,
Colorado, Florida, Georgia, Hawaii, Idaho Maine, Maryland, Massachusetts,
Indiana, lowa, Kansas, Kentucky, Michigan, New Hampshire, New Jersey,
Louisiana, Minnesota, Mississippi, New York, Ohio, Oregon, Pennsylvania,
Missouri, Montana, Nebraska, Nevada, | Rhode Island, Texas, Virginia

New Mexico, North Carolina, North
Dakota, Oklahoma, South Carolina, South
Dakota, Tennessee, Utah, Vermc

% EIA Electricity Restructuring by State,
http://www.eia.doe.gov/cneaf/electricity/page/rasturing/restructure _elect.html




Sandler and DeShazo
Carbon Costs: Electricity DRAFT 12-10-08

Washington, West Virginia, Wisconsin,
Wyoming

Many electricity markets are moving away from statened, vertically integrated
monopolies. Those markets are implementing regujathanges to their pricing
structure, and basing their electricity prices actdrs such as performance goals rather
than cost-of-service. Restructuring often enta{sasating the functions of generation,
transmission, and retail, and creating new indepenoharket monitors (P Joskofv).
California's restructuring has created the Indepah8&ystem Operator (ISO) to
coordinate the state energy market.

Kammen (2008) notes that in practice electricitgrised through a combination of a
firm's capital and operating costs, resource amdgpetent characteristics, and regulatory
and financial constraints of firms. The major castgraditional fossil fuel power plants
are the cost of operating expenses of individuahigblus fuel cost. The cost structure
for renewable energy power plants differs due piclly higher materials costs, but
lower or non-existent fuel costs.

A common premise of studies of price impacts ahalie policies, especially carbon
taxes, is that the short-run burden of a carbomitbbbe passed on to consumers
(Bovenberg and Goulder, Hassett, Mathur, and Me{ga@D7), and Paltsev (2007)).
Studies of potential carbon prices, such as a ocaidpq use either American tons or
metric tonnes, and focus on either tons carboro(@ns carbon dioxide (CO2). In this
paper, we will apply a $15/ton CO2 price. As ndbgdVetcalf (2007), a $15/ton CO2
tax may be converted to a $55/ton tax on carbomiiplying by 44/12, the ratio in
molecular weight between C and CO2.

The following studies all consider carbon priceghie range of $15/ton CO2:

Hassett, Mathur, and Metcalf (2007) considers thtential economic impact of a
$15/ton carbon tax in three years: 1987, 1997,28@8. They conclude that, assuming
that the carbon tax is entirely passed forwardotsamers, a $15/MMT CO2 carbon tax
would raise consumer price of electricity 12.55%ujgalent to 1.78¢ per kilowatt hour)
in 2003. The analysis of Hassett et al. concludesamount of carbon tax paid varies
little by region, and claims it is "distributionglheutral.” However, the Consumer
Expenditure Survey contains information on datadgyon, but does not collect data
specific to states. We assume they compared tbe ipnpact of regions, not states.

Metcalf (2007) proposes a revenue neutral carbbopaaed with income tax deductions
as an advantageous climate policy. He notes armegson why economists promote a
carbon tax as an efficient method of reducing eimisseconomy-wide: it equalizes the
marginal costs of emissions abatement across digpsectors of the economy. Also, he
mentions that the price increases in gasoline tiagurom a carbon price can induce

* Joskow, Paul. 2003. "Electricity Sector Restriioand Competition: Lessons Learne@fadernos de
Economia (Latin American Journal of Economida¥tituto de Economia. Pontificia Universidad @iata
de Chile., vol. 40(121), pages 548-558.
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demand reductions. Assuming prices passed fullp @onsumers, Metcalf predicts that
the direct impact of $15/ton CO2 tax would resnlan increase in gasoline prices by 13
cents per gallon, and an increase in natural ges by 54 cents per thousand cubic feet.
Metcalf does not specify the predicted impact oal,dout states that the average price of
electricity would increase by 1.78 cents per kilaviur. He derives this number from
the CO2 emission rate for a coal-fired power pt#i,376 pounds per Mwh in 2004.

Green et al (2007) advocates for a carbon tax aitincome tax reduction similar to
Metcalf (2007), and prefers a tax over a cap aadetisystem. The authors use the results
of a previous analysis by Bovenberg and Goulded@2@ estimate price impacts of
carbon tax. A $15 per ton CO2 tax would raiseptiee of coal-fired electricity by 1.63¢
per kilowatt-hour (kwh), or 20 per-cent at an ageralectricity price of 8.3¢ per kWh
(Green). Their calculations show that a $10/tab@a tax would increase price of coal

by $18, and a $15/ton tax would raise gasolineegrit4 cents per gallon.

Paltsev et al (2007) conducts an economic anaby$idls introduced in Congress to
limit GHG emissions. The paper discusses the Masstts Institute of Technology’s
(MIT) Emissions Prediction and Policy Analysis (EjfPnodel. The paper begins by
looking for a carbon tax rate that will achieveuetibns equal to the stabilization targets
of the bills being considered by Congress. Amdmgpolicies considered, one policy
freezes the GHG emission level at 2008 levels. HRBA model predicts this would
generate a price of $18 per ton of CO2-e in 20t8,estimates that raising the price of
$18/ton CO2 by 4% per year could achieve 550 ppy®1®0. This policy option is
appealing because it starts where we are todayj280d achieves the reduction target
through a relatively slowly escalating price sign&fe do not advocate for this over a
more aggressive emission reduction target, bueratiish to acknowledge the potential
for political acceptability of this option.

Stavins (2007) also uses Paltsev's EPPA modelca@ndlates a carbon price of $18/ton
in 2015 as a starting point for his analysis oblgy that he agrees is less aggressive but
more politically feasible. Stavins utilizes PaltseEPPA model to derive prices for coal
and natural gas using the same methodology as wePart Ill of this paper.

Burtraw (2008) gives Congressional testimony disitugselectricity price changes at
$15/ton. He derives a national average priceaftatity of just over 8 cents/kwh, and
estimates the price increase across eight regiBudraw finds that areas with the lowest
current price have the highest percent of codhair telectricity mix, and therefore would
see largest price increases. Those regions ar&\R¥ ,and Western VA, followed by

IN, and ND, SD, NE, and MN. After adding the aduhtl price increase to each region's
current prices, he concludes that even with theegricreases, the regions with the lowest
current prices would still have lower prices thisewhere.

The academic literature on carbon taxes and ragityssotes that the degree of
regressivity is significantly diminished when gaseland electricity expenditures are
divided by total expenditures, as opposed to animeaime> In the long run consumer

® Poterba (1991), Parry, Metcalf (1999) and others.
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behavior does not change commensurately for suedeme shocks from job loss or
personal economic upswings or downswings. Forethegsons, most studies of the
incidence of a carbon tax, starting with Poterl®9(), use lifetime expenditure, rather
than income, as a more reliable indicator of lortgem consumer behavior.
Unfortunately, the Consumer Expenditure Surveyeotd regional, but not state-level,
expenditure data. This limits the potential fagresssivity analysis below the regional
level.

Table 1: Electricity and Gasoline Expenditures by Income Quintile

Electricity and
Electricity and gasoline
gasoline expenditure as
Total Avg  expenditure as % of total
Quintile  Electricity = Gasolinelncome Expenditures% of income  expenditures

1 752 882 9676 19120 16.9% 8.5%
2 998 1485 25546 28921 9.7% 8.6%
3 1133 1997 42622 39098 7.3% 8%
4 1267 2518 67813 54354 5.6% 7%
5 1623 3182 147737 90469 3.3% 5.3%

Source: 2005 Bureau of Labor Statistics Consumer Expenditure Survey

Electricity and gasoline expenditures compriseghdi percentage of household wealth
when measured as a percentage of income ratheaghampercentage of total
expenditures. For the lowest quintile, incomeriy@bout half of total average
expenditure. One possible reason for this isiti@me in the lowest quintile may occur
in the informal economy, and thus stated inconmaush less than expenditures. A
second possible reason is that when people rdigg,stated income usually drops, but
their expenditures may not change as much if theyiang off of savings or other
assets. Total average expenditures are usedragyafpr lifetime household income.

[11. Assumptions, methodologies, and results
Assumptions

For this study, we assume that a combination afatié policies leads to a $15/ton CO2
price that is added to the existing electricitycpri We apply that price to each state's
average electricity price in 2005 using MIT's EPRAdel (Paltsev et al), focusing on the
amount of coal consumed by residential customeesah state, and the amount of
natural gas consumed in the electricity mix bydestial customers.

The resulting increase in price represents a mamgmniot dynamic, incidence on
consumers. It is a policy snapshot, and doesauatumt for changes made as a result of
the price increase, or in anticipation of a carpooe. We recognize that utilities are
predicted to respond to carbon prices throughdugiching from coal to natural gas, and
increasing their mix of renewable energy. Consudeenand is expected to respond to
price signals as well, but we do not include theeteons in our results. Our data set
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focuses on the immediate price impact as a basifoparison between consumers in
states.

We chose $15/ ton CO2 as a carbon price for sexemabns. As noted above, Paltev et
al's EPPA model predicts $18/ton as a startingepn015 to freeze GHG emissions at
2008 levels. Burtraw's Congressional testimonyrsaie $15/ton CO2. Hassett et al and
Metcalf use $15/ton CO2 in their analyses as well2007 Senator Jeff Bingaman,
Chairman of the Senate Energy & Natural Resourcgsriittee, along with Senator
Arlen Specter proposed a "safety valve" of $12@@r for a future national cap and
trade system. Although higher and lower amounpgapin policy discussions, a $15/ton
CO2 seems to be a reasonable number that is neathéigh to appear unrealistic, nor
too low to make a difference either economicallgovironmentally.

M ethodologies and sour ces

We apply state-level electricity data from the U§pBrtment of Energy's Energy
Information Agency (EIA) to a model developed byt&av et al's Emissions Prediction
and Policy Analysis (EPPA) model of economic chatogestimate the increase in
electricity bills by state due to the impositionao$15/ton price on CO2.

All EIA data is for 2005, using 2005 dollars, andluded the statewide number of
residential accounts, and the average annual holaselectricity bill. We used State
Energy Profiles for the percentage coal and nagaslin their electricity mix. We used
the residential consumption of natural gas. Wetiglidd the tonnage of coal in short
tons by percent of residential customers. We dteswith the California Energy
Commission for some data that was unavailable tiirdtiA.

The chart below shows some of the variables in @mg states’ energy use, electricity
price, mix of coal, and population.

U.S. Average

by State North Dakota Hawaii California Pennsylvania
Annual electricity bill 1016 865 1658 858 1026
Annual electricity
consumption per
household (kwh) 11193 12376 8008 6859 10410
Average cost per kwh
(cents) 9.49 6.99 20.7 12.51 9.86
Projected added
costs to coal and
natural gas to
electricity bill 160.77 910 17.5 37.66 156.88
Million short tons of
coal (residential) 7.52 8.89 0.711 2.25 19.9
Households 2,411,107 306,720 395,079 12,480,545 5,154,728
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Paltsev's EPPA model uses a benchmark of $27/ta@e@@derive an increased price
per short ton of coal of $55.30/short ton for altaf $82/short ton. Following Paltsev's
instructions on how to convert the benchmark t@ptarbon prices, the $15/ton is 55%
of $27/short ton of coal benchmark, therefore wiétiply .55 by EPPA's result of $55.30
to get added fuel cost of $30.42, and add thisaselprice of coal of $26.70 to get final
result of $57.12, the cost of coal given a carbdeepof $15/ton CO2.

For natural gas, the Paltsev EPPA model's benchafé@R7/ton CO2 derives an added
price of $1.50/tcf into a base price of $11.05/t€he same 55% calculation gives an
added price of $0.825/tcf or $825/mcf. If we usesb5, then the price would be
$833/mcf. We split the difference and used $830asdhe added price of natural gas
given a carbon price of $15/ton CO2.

Our numbers are reasonable given other studies©évat used the EPPA model. Stavins
(Table 3, pg 23) uses Paltsev's model to calcal§25 allowance price on coal. He
finds it adds $51.20 to the base price of $26.7¢al for a total of $77.90, and $1.39/tcf
as an added price to natural gas.

Results

Fossil Fuel Use by State

Increase to Average Annual Household Electricity
Bills with $15/ton Carbon Cost

Legend

Electricity bill increase
with $15/ton carbon cost
[ |so03-sd000

[ | s4001-310000
[ s100.01 - 5180.00
I 5150.01 - §260.00
I 5250.01- 5281.95

Data Source: 2006 State Energy Profiles, Energy Information Agency; MIT EPPA Model (Paltsev 2007)

Data elements: Joined attribute tables. Aggregating Attribute Fields: Added cost of coal + Added cost of
natural gas = Added cost of electricity Mike Sandler
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Added Costs of Coal and Natural Gas with $15/ton CO2 price
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The chart above shows the added costs to coalandahgas. In 40 states, the increase
in the coal price is greater than the increasbemftural gas price. The three major coal
states, North Dakota, Wyoming, and West Virginiawlincreases much greater than the
national average of $160.

The chart below shows each state's electricitywhkn sorted according to percent coal
in the electricity mix before the $15 carbon pilicadded in. The rising purple line is the
percent coal in the electricity mix, rising from Gf6Vermont toward 100% in West
Virginia. The slope of the trend line of the annelgctricity bill as the percent coal in the
state's electricity mix increases is negative.sTlhistrates that as the percentage of coal
increases, the price of electricity generally dases, and consumers in low-price
electricity states have less incentive to consenargy.

Discussion

According to the EIA, electricity prices acrosstasain 2005 were generally inversely
correlated with the percent of coal in a statedsteltity mix. The increasing blue line in
the chart below is the percent of coal in a stale'stricity mix, and the purple line is the
average electricity price in each state. Hawaii thee highest price of electricity at over
20 cents/kwh. Wyoming had the lowest at 6 cents/kw
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Price electricity by % coal

25.00 120
residential cost per kwh (cents)

m— Ooc0al in utility

IMJM/“WA | |
[P

Since coal is the cheapest energy source, théhiaicstates with more coal had cheaper
electricity should not come as a surprise, bubdarlies the other findings.

As mentioned above, the EPPA model yielded an afldgdaost for coal of $30.42/short
ton of coal, and $830/mcf for natural gas. Whesséhcosts were added to the existing
costs of coal and natural gas by state, the impghifesed according to the following
variables:

» percent of coal or natural gas in the state's mb&gtmix

» electricity consumption per household

» existing price of coal or natural gas in that state

Nationally, the $15/ton carbon price would caud® 8% median increase to the average
electricity bill, increasing the average annualfodm $1,016 to $1,177. The average
electricity bill increased 17%. Fourty-seven stdtad increases under 40%. But the
three largest price increases were WV, WY, and NDe largest price increase was
105% for ND. The average increase per annualralggtbill per household was $160.
For ND, the increase was $910, and of that incre&&®1 was due to the new price of
coal.

10
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The next chart shows the electricity price and getrcoal after a $15/ton CO2 cost is
added in. The slope of the trendline of electyipttice as the percent coal in the
electricity mix increases is slightly positive, shing that the new average electricity bills
slightly increase for states with higher percensagfecoal compared to states with lower

percentages of coal.

11
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The three highest coal states, ND, WY, and WV, stt@highest increase in their
average household electricity bill. Even so, wNemth Dakota, Wyoming and West
Virginia are removed, the trendline is flat, nospive, but still a change from the
negative trend line in the previous chart.

The electricity rates in both charts are not a dmearve. This is due to existing
characteristics of each state's energy marketuocoasconsumption, and regional factors
contributing to energy mix.

No regional predictability: North Dakota vs. South Dakota

States vary considerably within a region. Our dhiaws dramatic differences in
electricity mix and price impacts between neighbgistates such as, for example, North
Dakota and South Dakota; New York and Pennsylvaliggming and Idaho; West
Virginia and Florida. We conclude that regionahlgeis of the impacts of a carbon price
on consumer electricity bills should be approached caution.

For coal, the largest electricity bill increasegeveeen in North Dakota, Wyoming, and
West Virginia. The largest increase in an elettyrigill as a result of the coal price
increase was 101% in North Dakota, an increas&®1 $er household per year.
According to the EIA's State Energy Profile of NoRakota, the state has a high heating
demand in winter, which leads to North Dakota’s qegita energy consumption as
fourth highest in the countfy.North Dakota's energy mix is 94% coal. Howetlee,
State's Energy Profile puts residential consumpia20%, with industry accounting for
nearly one-half of the State’s total energy consimnp but according to the EIA's data

® EIA, North Dakota State Energy Profiletp://tonto.eia.doe.gov/state/state_energy pmfifen?sid=ND

12
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for electricity sales by sector, the residentiatseis 35% of the total. In South Dakota,
by contrast, hydroelectric power supplies almo#tdfahe electricity consumed.
Wyoming had a 75% price increase ($557/househadyyand a large aggregate price
rise, but because the state's electricity use%s iB@lustrial and only 17% residential, as
opposed to the average of 36% residential. Idahayntrast to Wyoming, uses very
little coal because of its abundance of hydroelegiower. West Virginia had a price
increase of 62%, or $516/household/year. A ponibtihese high coal-consumption-
states' usage may be attributed to coal expoEsen so, half of states (25) had increases
of less than 9% of their electricity bill and 3atsts had increases of less than 17%. 29
states had a price increase of less than $100/holaégear, and 46 states were under
$230/household/year as a result of coal, with arage price increase of
$129/household/year.

For natural gas, the largest price increases pesdimld were seen in lllinois
($72/household/year), Michigan, Alaska, New Jeraag, Utah. Alaska has a high
percent (56%) natural gas, and a high price (18m@scper Kwh). Half of the states bills
showed increases of under $30 with the average'stlectricity bill showing an
increase of $31 per household, or 3.23% as a rektiie natural gas price increase, and
the maximum increase was 7.5% ($72) in lllinois.

When combining coal and natural gas, the threedsigtoal states had larger electricity
bill increases than the highest natural gas stdfgen so, the average Wyoming resident,
where the average electricity bill nearly doublééraadding in a $15/ton carbon price,
still paid less per month than residents of 11 osi@es. Those higher states include
Connecticut, where coal comprises only 12% of teetecity mix and Hawaii, where

coal is 15%. Those states currently pay someeohifhest electricity bills. The average
electricity bill in Texas and Hawaii is currentlyer twice that of Wyoming.

Correlation with state poverty rate shows potential regressivity

States with higher poverty rates exhibited a higiegcent of income spent on electricity
after the $15/ton carbon price is added in (risiogn 2-4%). The rise in the average
household electricity bill as a percent of stateliae income is greater in states with a
higher poverty rate. Using the poverty rate asoxypfor the number of low-income
residents in a state supports the contention &sadents in low-income states will be
more affected by rising electricity prices.

13
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Price rise as % of median income compared to state poverty rate
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Sensitivity Analysis

Prior to adding in the projected addition due &il&/ton CO2 carbon price, average
annual state electricity bills in 2005 ranged fr$661 in Utah to $1657 in Hawaii. The
sensitivity analysis below shows how the EPPA mqdiele change varies for a $5/ton
and $25/ton carbon cost.

Results with $5/ton

Following the methodology above, a $5/ton carbast teads to an increase of
$10.23/short ton of codl.

For natural gas, the Paltsev EPPA model's benchafé@R7/ton CO2 derives an added
cost of $1.50/tcf. Following the same methodoldf}/5% of $1.50 gives an added cost
of $277.50/mcf.

Using these numbers, the range of state electbdit/rises to $743 to $1663. Hawaii is
still highest, and Utah is still lowest.

Resultswith $15/ton

" Using Paltsev's EPPA model benchmark of $27/to@€@sulting in an increased price per short ton of
coal of $55.30/short ton, $5/ton is 18.5% of 2 4B8.5% of $55.30 is $10.23/short ton of coal,atlded
amount from a $5/ton CO2 cost.
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The $15/ton results are reported in the main res@ction of this paper. The range of
electricity bills becomes $817 to $1,776. Idahodmees the state with the lowest
average household electricity bill, and North Dakioecomes the state with the highest.

Resultswith $25/ton

Following the EPPA benchmark conversion descritliEe, $25 is 92.6% of 27, and
92.6% of $55.30 is $51.21/short ton of coabr natural gas, 92.6% of $1.50 results in an
added cost of $1,389/mcf.

The range of state average electricity bills is 1887 (Idaho) to $2398 (North Dakota).
The second highest is Texas at $1,824. The langegers by percent increase to $25/ton
are: North Dakota, Wyoming West Virginia, Montaksdah.

The chart below shows the estimated average ragdtelectricity bills resulting from a
$5/ton, $15/ton, and $25/ton carbon cost.

Electricity Bills with $5, $15, and $25 Carbon Price

2,500.00

5 New total electricity bill
15 New total electricity bill

2,000.00
25 new total electricity bill

—&— Avg annual electricity bill (EIA)

1,500.00 A /
100000 1\ A/ M

500.00 A

Avg Annual Household Electricity Bill
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::::::
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Colorado
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Oregon
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Pennsyl I
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Caveats
Limitationswith thisanalysis:

This analysis was performed using state-level ddfa.recognize that there are
significant differences in the electricity mix beten utilities within states. The data used
in this study is not specific to a particular uyik service area. This is an area for future
research. Some utilities serve multiple statdse dverage state electricity bill can
conceal differences between pricing regimes iredéffit utilities in a single state. Some
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consumers living near a state border, may find #lectricity bill is more similar to the
neighboring state than their own.

We do not assess whether a $15/ton carbon casffisient to change consumer
behavior, or what carbon price is needed to achaey®en reduction. We do not
consider price elasticity of demand over time, dadot consider what actions would be
taken given a $15/ton carbon cost.

We use data that focus on the average consumacimstate. Demographics and
consumer use can vary widely within regions witktiaites. The composition of the
electricity mix can vary widely due to geographyhin states.

As mentioned above, this analysis does not lo@ctbns a utility may take to alter the
impact of prices on consumers such as fuel swigchlhalso does not consider actions
that consumers may take in advance of the impastifa carbon price, nor does it
consider the increased price's effect on demandtowe. If this were the only caveat,
we could say we found larger price increases tloaidcactually be expected.

However, our analysis does not reflect the indipetde increases from higher energy
costs for other goods and services in the econdfoy.simplicity, we will assume those
indirect price increases offset the price redudifvom efficiency and fuel switching.

The carbon cost was applied to 2005 data retraggtivAlthough a carbon cost is likely
to be phased in over time, these results can bepited as short term costs assuming
reaction delays from producers or consumers, pertdapng the first year of such a
program.

We looked at residential prices, and residentiatgynusage. We did not take into
account the difference between residential andstidii and commercial prices. In all
cases we surveyed, residential prices were gréatrrindustrial or commercial prices.
This implies that residential customers may subsithdustrial and commercial
customers by paying more than just the increatieeimesidential portion that we
analyzed. Therefore, our estimates are conseeyaince the subsidy would raise
residential prices even more.

We did not look at indirect costs to consumergeteicity prices increase. Other goods
and services will become more expensive as wethesaost to consumers will be greater
than simply the rise in electricity bills.

Hurricane Katrina occurred in August of 2005, dming natural gas prices for several
months, and changing the energy use of Louisiaegag, Alabama, and much of the
nation that was served by the natural gas pipelmése Gulf of Mexico. Our analysis
does not look at changes in state's electricity tmat have occurred since 2005 such as
new renewable energy generation or Renewable Hor8tandards.

Electricity Imports and Exports and California

16



Sandler and DeShazo
Carbon Costs: Electricity DRAFT 12-10-08

We do not account for cross-border transmissiopdits and exports), except for
California. Since the EIA data we used does nobawt for interstate commerce of
electricity, it initially showed only 1% coal in Grnia's electricity mix. According to
the California Energy Commission, coal represeifs® of the state's electricity mix.
Almost all the coal used by California electriotignsumers is combusted at out-of-state
powerplants, and the electricity is imported froeighboring states. This occurs at
several large powerplants located in Utah, Nevadd,Arizona, and it was difficult to
find exact data for the tonnage of coal used. @foee, for California, we added only the
coal used by the Intermountain Power Plant in Ubaih did not subtract it from Utah.

As a result, California’s coal price impact is @bly underestimated, and the
surrounding states' coal price impact is probakbrestimated in our results.

California passed a bill, SB1368, that sets an gions performance standard for major
utilities and limits the future procurement of cpalwered electricity. The performance
standard is set at a limit that may not be metdistieg coal powerplants, but future
plants that incorporate carbon sequestration magt iheThis law will have the effect of
reducing the coal in California's electricity mix eurrent interstate coal contracts expire.

M or e specific explanations:
Although there are many cases where state levélsasids more accurate than regional
analysis, there are some regional characterigtatspiartly explain some of the results

above.

The chart below shows the difference in percentdgeal in various regions in 1999.

Region: % of electricity from coal in 1999:
New England 16.3
Middle Atlantic 35.8
East North Central 72.0
West North Central 73.9
South Atlantic 55.5
East South Central 68.0
West South Central 40.1
Mountain 67.5
Pacific Contiguous 4.2
Pacific Noncontiguous 11.7

Several state's results, including New Englanastatalifornia, Oregon, and
Washington follow from this regional data.

8 EIA, Percent of Electricity Generated at U.S. HiedPlants by Fuel Type and Census Division, 1868
1999.http://www.eia.doe.gov/cneaf/electricity/page/cahart/co2report.html#table 3
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Distillate fuel oil and kerosene use differs byioeg In 2001, the northeast U.S. used 0.6
quadrillion btus of distillate fuel oil and kerosgmwhile all other parts of the country
combined used only 0.16 quad btu€ur analysis did not look at distillate fuel aid
kerosene.

Additionally, demand differs in various states.in@te is a factor. The National
Weather Service's Climate Prediction Center measamaual temperature differences
between cities as they relate to energy demandatirtg degree days (HDD) and cooling
degree days (CDD¥. HDD and CDD are calculated by measuring the noéahe high
and low temperatures for the day multiplying thgrées away from 18 degrees C or 64
degrees F for that day times the number of dayyeqmar.

The chart below shows the heating degree days@withg degree days as calculated by
the National Weather Service for 2005.

2005-6 Heating 2005 Cooling
Degree Days  Degree Days Total HDD+CDD

New England 6007 642 6649
Middle Atlantic 5257 990 6247
East North Central 5801 960 6761
West North Central 5809 1094 6903
South Atlantic 2632 2081 4713
East South Central 3285 1696 4981
West South Central 1888 2636 4524
Mountain 4641 1457 6098
Pacific 3071 728 3799

Some regions experience a climate that requirdsehignergy use than other regions.
The Pacific Region in particular benefits from ddwlimate, allowing the region to use
less energy for heating and cooling of buildings.

Another demand side input that plays a role inedéhces between states is the energy
efficiency required by building codes. The Alli@no Save Energy tracks energy
efficient building codes by staté.

The particulars of each state's regulatory envimmmay play a role in determining
how states are affected by a carbon price. A ¢hadart Il of this paper shows which
states are deregulated. The three states witlartpest impact on coal, North Dakota,
Wyoming, and West Virginia, are not deregulated.

°EIA, Table 2.4 Household Energy Consumption bpsls Region, Selected Years, 1978-2001
http://mww.eia.doe.gov/emeu/aer/txt/stb0204.xIs

19 National Weather Service's Climate Prediction €enHeating and Cooling Degree Days Data
http://www.cpc.noaa.gov/products/analysis_monimiédus/degree_days/

1 Alliance to Save Energittp://www.ase.org/content/article/detail/2603
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The following chart shows some of the differencesMeen deregulated and not
deregulated states. Deregulated states are ggrlexadir in coal, have a higher price of
electricity, and a higher electricity bill, but widube predicted to have a lower added cost
with a carbon price.

Avg Added
annual  costs of
residential cost electricity coal and
per kwh (cents) % coal bill (EIA) nat gas
Deregulated States 10.63 36 1051.43 100.15
Not Deregulated States 8.84 55 996.56  194.87

The added costs of a carbon price to not dereglfdttes decrease from $194 to $144 if
the three top coal states are removed. Even segualated states have less coal, and
would face lower added costs than not dereguldtddss

The variation in natural gas prices around the trgwaiso plays a role in describing how
states would be affected by a carbon price. Thevitng map shows the variation in
natural gas prices by stdte.

DC 516.96

Residential Average Price
B sz man s [ st sis
] s10te s W st
Psries: W 51610517
[sizesa []s17te51a
| BERL [Jsiswss

More than 520

This map shows there is little regional cohererrgaredictability in natural gas prices.

Coal prices also vary by state. The national aeecaal price for utility plants in 2005
was $31.22/short ton. Other industrial plants aidiverage of $47.63/short ton. North
Dakota's coal price for utility plants in 2005 wady $10.99/short ton, while the average
price reported in New England was $65/short tod, Massachussetts reported the

12 E|A http://www.eia.doe.gov/neic/brochure/oil_gas/rnggéix.html
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highest price at over $71/short ton. Several ogkegies did not report their coal price.
The coal price for utility plants increased 9.7%mn@Een 2005 and 2008.

The map below shows the major coal producing regjiorthe U.S*

' ‘ -1 .4%
Interiar ( )
1514 ! ?

The three top coal users, North Dakota, Wyomingd,\Afest Virginia, are all identifiable
on this map of coal producing regions. Howevemaatates with coal reserves are not
as affected by the carbon price. For exampl&di$i has large coal reserves, but only
42% coal in their electricity mix, in this case gdio the state's nuclear powerplants.

The map below shows the estimated per capita flisdicarbon emissions by state for
the year 2000 The map also shows Wyoming, North Dakota, andtWeginia as the
three highest emitters per capita.

Even with a near doubling in its average annualtetaty bill, the average Wyoming
resident would still pay less than 11 other states.

13EIA, Average Price of Coal Delivered to End UsetSeby Census Division and State
http://www.eia.doe.gov/cneaf/coal/page/acr/tablie®vl.

4 EIA Annual Coal Reportattp://www.eia.doe.gov/cneaf/coal/page/acr/acr_stml.

15 Blasing, T. J., Christine Broniak and Gregg Marld8thte-By-State Carbon Dioxide Emissions from
Fossil Fuel Use in the United States 1960—-200Mitigation and Adaptation Strategies for Global
ChangeVolume 10, Number 4 / October, 2005
http://www.springerlink.com/content/7x1650vg1g1384Qlitext.pdf
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Per capita fossil fuel carbon emissions, to the nearest whole number, by state for year 2000

V. Policy implications of results

The goal of this paper is to compare the rise graye household electricity bills
between states due to a $15/ton carbon price.a@alysis is a snapshot using 2005 data,
which ignores actions that may be taken to redosésdo consumers and businesses.

Our state level analysis of the projected increéastectricity prices shows that some
states will face a greater burden than others.s@uoers in some states will see a much
greater increase that the $160 average incredkeimannual household electricity bill,
up to $900 per year, but in other states the iser@all be negligible. The three states
with the greatest exposure to a carbon price aréhNakota, Wyoming, and West
Virginia, due to their reliance on coal for elecity, and the in-state availability of coal.
Those three states are major suppliers of codletadst of the nation. The low cost of
coal, and therefore electricity, in those statesr@ provided incentives for end use
energy efficiency, resulting in high per capitargyeuse.

The state-level analysis shows the potential flesessing national and multi-state
regions to generalize about impacts of a carbaren electricity bills. National data
overlooks whether a state's electricity marketiedulated, and the composition of the
state's energy mix. Neighboring states often atddlbmajor differences in electricity
prices, per capita electricity consumption, and amof coal used.

In some cases, neighboring states will face anrafdeagnitude disparity in price

impact. The major factors in the price discrepameyveen states include: percentage of
coal or natural gas in the state's electricity mikether the state has deregulated its
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electricity market, the fossil fuel resources & Htate, the renewable, hydroelectric, or
other energy resources of the state, the pricealfa natural gas, per capita energy use,
building codes, geography, climate, and more. ifif@ication of the disparities between
neighboring states is that Federal climate polieyusd consider impacts at the state
level, not just at the regional or national lev8imilarly, in evaluating regional
emissions permit trading systems, state level mhierences could result in unbalanced
state level outcomes.

We also found that States with higher poverty ratdsbited a higher percent of income
spent on electricity after the $15/ton carbon piscadded in, supporting the contention
that low-income residents (and states) will be naffected by rising electricity prices.
When this result is placed next to the three tagl states, we believe a carbon price may
have the biggest impact on the rural poor.

Increasing average annual household electricity aiso lead to the following policy
implications. Coal-rich states may not continudaoe lower electricity bills than low-
coal states. Utilities may find more consumer supfor end-use energy efficiency
investments, especially in states with high pertaagpnsumption, which often correlate
with high-coal states. State regulators may negudstify their state-level regulatory
pricing systems, if a national carbon price bringse scrutiny to disparities between
electricity bills across borders.

These results may also be helpful to the desigrfaraulti-state carbon capping systems
such as the Western Climate Initiative (WCI) or Regional Greenhouse Gas Initiative
(RGGI). Those systems must determine an equitabtéod of apportionment of
allowances under a multi-state cap. Our analysigigees an estimate for predicting how
consumers in neighboring states will be most adiédty price increases from a carbon
cap. An estimate of how much the average housedp@dds on electricity in each state,
and how much those prices could increase with cacbosts may help regional carbon
capping systems determine how to apportion a cdolbidget between states. The
average household electricity price impacts asutatied in this paper may prove to be an
important factor in comparing each state's baselhtefuture carbon budgets, and may
be combined with other factors such as populatr@hpojected growth, industrial
composition of the state, and other economic aitie.

Future studies

Further analysis at the utility level could provi@re specific predictions about winners
and losers in a regional emissions permit tradysgesn and within states.

This study looked at electricity prices. A futwteidy could perform a similar analysis

for the transportation sector. Two possibilities dssessing the price impacts from the
transportation sector are gasoline prices and ke=hmile traveled (VMT). Although
gasoline prices would follow the electricity setd@pproach more closely, the recent
price increases in gasoline prices since 2005 nmgtke such a study less relevant to
2008 or 2010. Vehicle miles traveled varies ssrstates, and could provide a basis for
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state-by-state analysis of the impact of a carb@ep These issues may be picked up in
future studies.

Once the cost impacts on consumers is assessadddional area of study becomes how
to compensate consumers, or ameliorate the econopacts of consumers so that the
price signal achieves the desired changes in behasthout compromising the political
support for carbon emission reduction. FutureisBidould assess the state level
outcomes of providing consumer compensation. Tpodential methods of consumer
compensation are carbon dividends from emissiompeevenues, carbon tax rebates
and dividends, or carbon shares allocated dir¢attpnsumers that would be sold to fuel
and energy companies. Future studies could adsesé$fectiveness of these methods in
addressing the cost impacts on consumers showe iourrent study.
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