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INTRODUCTION

On June 2, 2014, the U.S. Environmental Protecdiigency (EPA) released proposed rules to regulate
existing fossil fuel power plants under section () bf the Clean Air Act. The rules’ key features
include state-by-state emissions rate targets—basedrious “building blocks” of potential emisson
reduction strategies—and considerable flexibiliyathieve them (Tarr and Adair 2014). This flexitil
includes the choice to seek reductions througltdmebination of strategies identified by the EPA or
through some other combination of strategies abagethoices concerning the particulars of thecgoli
mechanisms.

Emissions reductions could be achieved by improtiirgefficiency of existing coal plants or by sinid,
or “redispatching,” generation from existing cokdnis to existing natural gas-fired plants. Newurgit
gas plants that are already slated for construciouid be built earlier than planned to reduce siors
more quickly. Reductions could also be achievetiiwithe existing natural gas- or coal-fired fleleys
shifting generation from higher-emitting to lowenigting plants within those fleets.

Different strategies for emissions reductions aglitation design could have important near-term
consequences, in terms of the cost of electri@tyegation and market prices, and important lonigrter
consequences, in terms of retirements and newtimeess. These consequences can vary significantly
from region to region and from stakeholder to staleer.

These long-term consequences may be particulaggritant in terms of the legacy for future policids.
the Clean Air Act turns out to be an inadequaté tmaddress future mitigation goals, it could nene
debate over federal legislative options, namelyissions trading, emissions taxes, and a system of
tradable national standards. How will the long-t&ansequences of current regulation affect those
choices? Before that question can be answeredeghey of today’s policy choices must be examined.

This paper explores several near- and long-terrsaxgurences of key regulatory design choices. Althoug
the current regulatory proposal is oriented tow20d0 targets, the paper’s focus is on the post-2020
timeframe, because the important question is natlbag the regulations might last, but how soon
pressure for an alternative legislative solutiogtmiarise. From that perspective, 2020 appears & b
reasonable horizon to imagine such a possibility.

The paper also focuses on national-level polia@gen though a key feature of implementation under
section 111(d) will be considerable autonomy fatesievel decisions. By looking at national-level
policies, the analysis can identify effects arissiotely from the policy design. Future researchhiig
explore state-level variations in national-leveliges.

Finally, the paper focuses on the initial consegasrof 111(d) choices, not the interaction of those
choices with future legislative choices, the nexfital research topic.

KEY CHOICES
In establishing the emissions guidelines refereatexe, the EPA has discretion over a wide range of
factors that can affect emissions and cost outcoR@owing is a discussion of the major choices.

Emissions Reduction Ambition and Horizon
Section 111(d) defines a standard of performanamashat

reflects the degree of emission limitation achidedabrough the application of thest system of emissions
reduction which (taking into account the cost of achievinglsreduction and the non-air quality health and



environmental impact and energy requirements) ttheniAistrator determines has besfequately
demonstrated.! (U.S. EPA 2014d)

In essence, the EPA establishes the emissionstredgoal that it deems is achievable using thé bes
approach that has been adequately demonstratequatdedemonstration includes meeting certain
benefit-cost criteria; the general notion is that@re stringent reduction goal comes at a highst. co
Thus the EPA must set its ambition commensurate tivi# cost of achieving it. For example, in
proposing new source performance standards (NSIP&gfv electric-generating units (EGUS), a
proposal that is further along than the proposakkisting units, the EPA determined that coaldire
generation with carbon capture and storage (CCShban adequately demonstrated as a viable way to
produce electricity with low emissions and thussubes technology as a determinant of the NSPS.(U.S
EPA 2014d).

In the existing source proposal, the EPA examinas ‘fouilding blocks” that it considers to be
adequately demonstrated: performance improvemepisveer plants, substitution of steam units for
combined cycle natural gas, continuation and exparaf low- or non-emitting technologies (nuclear
and renewables), and demand-side energy effici@h&: EPA 2014d). Examining each state’s potential
with regard to each of these options yields a deatel goal. Aggregated to the national level, tosl is
estimated to yield between 13% and 18% reductimma the forecast Base Case in 2020 (U.S. EPA
2014c). The EPA also examined a “two building bfogjgproach that includes only performance
improvements and dispatch switching. This side gaadded national emissions reductions of 11% to
13% in 2020 and 5% national reductions averagedtbee2016—2020 period.

An underlying question framed by the proposed itbe appropriate horizon for achieving (and sgjti
the standard. The proposal focuses on a 2030 alaéeliieving the specified standard, along with a
2020-2029 period for achieving, on average, amiintstandard. There is also an alternative formulation
that would focus on a 2025 date for achieving ghsly less stringent standard, along with a 202@420
period for meeting, on average, a correspondirggimtstandard.

This analysis highlights what is likely to occurenthe very near term and correspondingly focuses o
emissions reductions of 5% over the 2016-2020 gexsoa basis for establishing conditions that will
form the starting point for longer-term action.

Rate-based versus Mass-based Approach

The EPA must decide how to quantitatively specifyssions requirements; states must choose how they
will implement those requirements. For the NSP8 BERA expresses emissions requirements in terms of
an emissions rate: tons of emissions per megawatt(M\Wh) of electricity produced. This rate is a
transparent metric for EGUs, because all powertplaroduce the exact same product (MWh of
electricity). But plants’ use of different fuels pooduce their power and the variation in theinarsion
efficiency leads to different emissions rates azgmirces.

A rate-based approach is not just easy to commtmiitaalso provides some flexibility to the segtor
allowing for growth in output while limiting its chon intensity. However, total emissions generated
the sector could actually rise, or at least ndtefalmuch as expected, if increasing output cosartter
reductions achieved through production of lessaaibtensive power. One way to more directly target
EGUs’ total emissions is to set a mass-based standa

142 U.S.C. 87411 (a)(1) as reported in Monast.€Ral12); emphasis added.

2 The interim standard is defined as the averageliokarly declining standard from 2020 to 202%ded not be met in any
particular year; it can be met on average ove0#0—-2029 period. It is therefore “as if’ statesefd a linearly declining target
from 2020 to 2029, with unlimited banking and beving through 2029.
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Perhaps the most important distinction between faass rate-based approaches arises when they are
implemented through a market-based policy: a captaue for the former and a tradable performance
standard for the latter. Similar in many ways tagbon tax, a cap-and-trade approach puts a pmice o
each ton of reduction. However, a tradable perfocasstandard represents a carborptaxan output
subsidy, sometimes referred to as a “feebate” (JohnsoB)20bis standard typically leads to much
smaller price impacts for electricity than a cap-arade approach.

In its proposal, the EPA established an emissiatestarget for each state and provided guidandean
to translate that target into a mass-based tath8t EPA 2014b). Whether this formulation will be
retained in the final rule remains unknown, as delesther individual states will choose mass- og+rat
based approaches in response to whatever ruleaiizéd.

Thus, this policy analysis compares mass- andoased approaches.

Command-based versus Market-based Implementation

A rate-based standard can be strictly applied onitaby-unit basis or can allow for trading acrossts

to meet compliance. Strict unit-level (“command4dx#{3 compliance means that an EGU must operate
below the specified emissions standard or retioe.af existing EGU that operates above the standard
the only possible options under the command-bagpbach are to switch to a lower-carbon fuel, fdtro
the plant to emit lower-than-the-policy rate, direg each of which may be costly.

Under a more flexible system, an EGU with emissiover the standard could comply by procuring
pollution permits for a price—either through a aarttax on EGU emissions or through a cap-and-trade
program that limits emissions through allowances tan be traded across regulated sources (or
purchased as “offsets” from unregulated sources|dafved).

Typically, carbon tax and cap-and-trade prograraseatirely focused on tons of emissions and vieagd
mass-based approaches. However, the basic logisecaanslated to a rate-based performance standard
as has been done in the case of state-based rdagwatiolio standards (RPS) for electric powertHat
case, the regulation establishes an overall pedocarate (e.g., percent of electricity from renadea
sources), but the standard can typically be methindustry as a whole when individual EGUs
purchase renewable energy credits (RECs) thatgeprenits of output (a megawatt-hour of electy)cit
generated from renewable sources and use theses@asa@ share of their total generation to compute
their “percent renewable” for compliance purposdisewise, in the case of a tradable rate-based
performance standard for EGUs, some units thatabpdrelow the GHG emissions rate can generate
additional credits (denominated in tons of £Lat can be sold to units that operate abovedtse which
in turn use those credits to meet their emissiatesstandard. The essential benefit of tradingasit
allows a given level of compliance to be met atlthveest cost by exploiting gains from trade between
EGUs that exceed the standard (sellers of creglitd)those that fail to meet the standard (buyers).

The June 2014 proposal for existing sources doergeqaire states to implement market-based policies
However, the choice to implement a flexible matkased approach—in one form or another—could be
the most important choice a state makes to infleeasts. This analysis specifically compares such
market-based approaches to an approach that doalavetrading (requiring the highest-emitting pis

to retrofit or retire).

Single versus Differentiated Tradable Standard

If a tradable performance standard is used to impi¢ EPA guidelines and meet each state’s overall
emissions rate goal, states could choose to $egle standard for all EGUs or set different stadddor
different types of units. The primary type of drfatiation for EGUs is units that use coal versuissu
that use natural gas. Of these two main forms sdifgeneration, coal generation was responsible fo
about 40% of U.S. generation in 2013 and emitshityuigvice the CQ per MWh as natural gas, which



accounted for about 26% of all generation (U.S. E0A4b)3 Figure 1 shows the distribution of
emissions rates across the forms of fossil gemeratihe lower-emitting cluster of EGUs to the kfe
largely natural gas combined cycle (NGCC) unitssna$ which operate between 750 and 1,000 pounds
of CO, per MWh; the higher-emitting cluster to the riginé coal units, mostly operating in excess of
2,000 pounds of C£per MWh. A relatively small population of steansgaits operates between 1,000
and 1,350 pounds of G@er MWh.

A rate-based emissions standard could be definadsagyle threshold for all EGUs. Regardless ofr@he
it is set along the spectrum in Figure 1, a sisggedard is clearly more advantageous for gas thats
for coal units. For instance, if the standard tsas¢he rate of the most efficient coal units, fxisting
coal units—nbut virtually all gas units—would meetAlternatively, separate or differentiated stamida
could be set for coal units and gas units so thaiesexisting units of each type are above the aglev
standards and others are below them.

Under the single standard approach, all coal plaotgdd likely face higher costs, because they have
buy credits to operate; all natural gas plants ddate lower costs, because they are able torselits.
This approach creates a strong incentive to diefdispatch of electricity away from coal and tadvar
natural gas. If standards are differentiated, h@mgvarticularly to the point at which some coaré
emit less than the coal standard, the dispatchiivess change. The cleanest coal and gas plaritsesil
costs go down (as they earn credits), but theedichal and gas plants will see costs go up (ashitg
credits). Hence, there is more switching betweeh gnits and gas units, rather than among coas unit
and among gas units (Bielen 2014).

In its proposed NSPS, which has a minimum, nonapiedstandard, the EPA established different
standards for new natural gas-fired plants and-fieal power plants. In its proposed existing seurc
rule, the EPA avoided any explicit differentiatibetween the plants. Instead, it assigned emissatas
targets to each state on the basis (in part) ot that steam power plants (both coal and gas)dv
shift toward lower-emitting NGCC units. Essentiallye proposal differentiates the standard by state
the basis of each state’s current emissions prafitefuture reduction potential. The proposallension
whether a tradable performance standard, implerddntetates, might differentiate between natural ga
units and coal units.

Thus, this policy analysis considers both a sitigidable performance standard and a differentiated
standard whereby the cleanest coal plants woultitbeatandard specific to coal units.

Inclusion versus Exclusion of New Sources in a Market-based System

Section 111(d) focuses on existing EGU sources liyadefinition, were constructed prior to its
establishment of new source standards under sektibfin). Under the June 2014 proposed guidelines fo
existing sources, strategies for compliance withstandards can include end-use efficiency
improvements and use of new, non-emitting sourael as renewables and nuclear. Analysis of these
strategies is the basis for each state’s target. tNeural gas capacity (presumably NGCC) builtrafte
January 2014 does not influence a state’s targebrapliance with the proposed existing source rules
However, the EPA requests comment on whether andnlesv natural gas plants might be included in
both setting and meeting state-level goals. Intamdinothing precludes states from including new
natural gas plants in whatever regulations theysado implement, so long as the outcomes meet the
defined EPA targets.

3 Oil emits less C@per MWh than coal and more than natural gas bartistant third fossil source of electricity iretbinited
States. All other forms of generation are eitheyVew- or zero-emitting sources, such as nuclegdro power, biomass,
geothermal, wind, and solar, and thus GHG emissitaredards are not directly relevant for them.
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This analysis models emissions policies whereby matrral gas sources are included in various tgadin
systems and the emissions target for existing ssuithis approach limits comparability of the asely
with the EPA analysis conducted on the currentbppsed rule, but it provides insights about some of
the issues surrounding inclusion of new EGUs forctvithe EPA has invited commentary.

State-Level Implementation

How will states choose to implement the EPA guites? What kinds of policies they will pursue and
will they join together as regional trading blocks?ts June 2014 proposal, the EPA examined sa@nar
reflecting state-level compliance as well as regidiocks. In both cases, the agency considered a
tradable performance standard.

For simplicity, this analysis focuses on natiorealdl policies that represent the broadest possiding
approach and does not explore the complex questiostate- or regional-level policy differentiation
The eventual outcome of regional block formatioaspecially hard to guess.

Policy Scenarios
Table 1 defines four scenarios, all of which ta@&®€6 reduction in the sector’'s emissions ovelO6—
2020 period and assume that policies begin in 20k four scenarios are

(1) uniform carbon pricing, as would occur under (miaased) emissions trading or a tax;

(2) a single tradable performance standard, wherelipsll generation either requires or earns
credits, depending on whether it is above or betwenl,544 Ibs/MWh standard;

(3) a differentiated tradable performance standardyeldyecoal generation either requires or
earns credits, depending on whether it is aboveelmw the 2,095 Ibs/MWh standard, and
gas generation either requires or earns credifgrakng on whether it is above or below the
848 Ibs/MWh standard; and

(4) a minimum performance standard, whereby coal gésrsraither beat the 2,144 Ibs/MWh
standard (perhaps through a retrofit) or retire.

As noted above, the analysis does not differentigse policies across states or regions. Thelilada
programs are nationally tradable, with one nationatket price for emissions credits.

METHODOLOGY

The implications of these policy scenarios areya®al using the electricity module of the Dynamic
Integrated Economy/Energy/Emissions Model (DIEMhjcin was developed at the Nicholas Institute for
Environmental Policy Solutions at Duke Universitjie DIEM model includes a macroeconomic, or
computable general equilibrium (DIEM-CGE), componeamd an electricity dispatch component that
gives a detailed representation of U.S. regioredtatity markets (DIEM-Electricity).For this analysis,
DIEM-Electricity is run as a stand-alone model, iyipy that electricity demands are fixed, similarthe
way the IPM model is run for the U.S. EPA (U.S. EER313). Given the definition of the policy in
question, the approach facilitates interpretatibthe model's insights. In other work, DIEM-Electty
has been linked to the DIEM-CGE macroeconomic madkwing it to incorporate economy-wide
responses to policies and evaluate how annual diraaals or fuel prices may change under different
policies.

Broadly, DIEM-Electricity is a dynamic linear-pragnming model of U.S. wholesale electricity markets
with foresight. It represents intermediate- to long decisions about generation, transmission,aigpa

4 The EPA proposal would require states to meeetarigeginning in 2020. States could begin to deastier, and EPA
modeling contained in the Regulatory Impact Anaysids that emissions reductions begin in 201@retough regulations go
into effect in 2020).

5 For a description, see Ross (2013a, 2013b).



planning, and dispatch of units. To estimate pdiggacts, the model minimizes the present value of
generation costs (capital, fixed operating and teagnce or O&M, variable O&M, and fuel costs)
subject to meeting electricity demands, reservegimgyand any policy constraints. Existing generati
units are aggregated into model plants on the lodisigeir location, characteristics, and equipment
configurations to reduce the dimensionality of tethematical programming problem. New plant
options are included using costs and operatingacternistics from thénnual Energy Outlook 2014, or
AEO (U.S. EIA 2014a). In addition, th&EO forecasts provide annual demand and fuel pricecémts.

Plants in the model are dispatched on a cost bmsieet demand within each region through at least
2050. The version of DIEM-Electricity used in tlaisalysis defines 14 regions along state lines that
approximate distinct electricity. Figure 2 showsdh regional boundaries, developed from a combimati
of IPM unit and transmission datsEO regional forecasts, and state-level demand daia the State
Energy Data System, or SEDS (EIA 2012). SeveraViddal states are modeled due to their relative
importance within broader regions or limitationselectricity flows to and from surrounding states.

Within each region, hourly load duration curvesrrthe EPA (U.S. EPA 2013) are aggregated to show
the amount of electricity demand in a number ofllt@locks” representing three seasons and fourdgime
of day, plus peak demand hours. These 13 load sggroenvert annual electricity demand into
subcomponents to capture the non-storable natwkeatricity within a year. Regional annual demand
forecasts are defined by combining EIA SEDS dat& (BIA 2012) for state-level electricity demand
with AEO forecasts for nine Census regions. Pogt820recasts are extended along growth trendsen th
basis of population growth, labor productivity, astimated improvements in energy efficiency (Ross
2013a).

Electricity to meet these demands is supplied bgrabination of existing plants and endogenously
constructed new plants. Data on existing plantsecbom the NEEDS database v.5.13 (U.S. EPA 2013),
which characterizes more than 15,000 boiler-geneatmbinations across all configurations of plant
type, fuel source, location, and installed equiptm&a maintain computational tractability, thesésérg
units are aggregated into model plants on the lehsismmon characteristics such as plant type and
location, heat rate (btu per kWh), size and ageé existing equipment (flue gas desulfurization, NOx
mercury, and particulate matter retrofits). Nonsfbanits are more highly aggregated than conveatio
fossil units, because they are less likely to adjusr operating levels in response to emissioitigation
policies.

The amount of electricity that existing (and nevgdal plants can supply depends on the number of
hours they are typically available during a yeagéoerate electricity. In DIEM-Electricity, “availdity
factors” from EPA (2013) are used to characteria@ much plants can feasibly operate, taking into
account scheduled maintenance and forced outadesn \8hoosing how many hours to run each plant
within these bounds, the model considers operatsts of existing units in its cost minimization
decisions. Fixed O&M costs are required on an anpasis to maintain a unit, whereas variable O&M
costs depend on the number of hours a unit is ttispd during a year. Neither type of costs can be
avoided if a unit is to run during any load segnthe year.

The model can build new units in response to dengaodth and any changes in the cost structureeof th
industry resulting from environmental policies dner factors such as changes in fuel prices. Data o
new units are from th&nnual Energy Outlook 2014, in which operating costs are constant across the
lifetime of new units and capital costs decreaspedding on the year of installation. In general,
decreases in capital costs are linear betweemst@lation (“overnight”) costs shown for 2012 ahd

final year costs in which capital costs improve320 Grid connection costs for new units are based
NREL ReEDS data (Short, Blair, Sullivan, and Mad2))



Like the EPA IPM and NREL ReEDS models, DIEM-El@ity adjusts overnight capital costs to
account for real-world considerations affectingestment decisions. Among these considerationdare t
time value of money, types of financing optiong, ¢ansiderations, and construction times for défer
types of units. These considerations are factaredunit-specific discount rates, which determine a
weighted average cost of capital that can be usedltulate a capital charge rate that convertsniet
capital costs into a stream of levelized annuahpeyts necessary to recover investment costs.

The model has multiple compliance options to mébeerate-based or mass-based policy targets
designed to reduce G@missions. Coal plants can improve their efficieffeat rates measured in terms
of btus of fuel burned per kilowatt hour of elecity generatedj.They can also switch among 20 types of
coal, defined across production locations and mmémcosts, heat content, sulfur and mercury conten
transport costs, and carbon content. Coal switchawjthe potential to achieve carbon emissions
reductions of 3% to 5% assuming, for example, &igrgoing from higher-carbon western coal to lower
carbon eastern coal and that the coal is availaitteén a region at a cost-competitive price. More
broadly, the model can redispatch generation fraghdr-emitting sources such as existing coal pleonts
lower-emitting sources such as existing NGCC plémas may not be running at full capacity. In the
longer term, new low- or zero-emitting sources lbartonstructed to reduce €émissions.

Most of these compliance options have long beerackerized in electricity dispatch models, but the
option of improvements in coal-plant heat rates islatively new inclusion. Engineering data, nbtab
report by Sargent and Lundy (2009), tend to shaweffficiency improvements are relatively cost-
effective’ In many cases, these improvements can be econbnjicsified even in the absence of new
CO; policies, leading to the question of why plants mot undertaking them without GHG policy stimuli.

Historical data show that existing coal units arBi@ving a wide range of heat rates. However, deda
insufficient for researchers to determine how et efficiencies are affected by the available
engineering options discussed in reports such ageBband Lundy (2009). In the absence of this
information, DIEM follows an approach similar to aw, Paul, and Woerman (2011). This
methodology essentially assumes that units with higat rates are likely to have the full range of
improvement options shown in Sargent and Lundy $20@hereas units with low heat rates may have no
additional improvements they can undertake. Betwieese two extremes, the available options decline
in a linear fashion. It is also conservatively assd that units will have tended to install the numsit-
effective options first, leaving more expensivei@m unused. Thus, the capital and operating costs
associated with additional efficiency improvemaeants higher for units that currently have low hedats
as, presumably, they have already installed the ousd-effective options. The Sargent and Lundwadat
suggest that the approach to determining efficiemgrovement retrofits also varies with the sizéhsf
unit.

RESULTS

In comparing policy scenarios, this analysis hasehmain interests. First, how much do the policies
reduce emissions and at what cost? Emission rehsctire the underlying goal of the proposed EPA
regulation and, although cumulative emissions dver2016—2020 period are fixed across the scenarios
considered here, future emissions are not. Costslearly important as it is desirable to achiegavan
level of reductions at the lowest cost, other fexcemual. Second, how do the policies affect céyaci
choices through 20207 The answer is importaneifar-term regulation is envisioned as a foundatio
for additional future policy measures. Capacity mi2020 is a key indicator of the regulation’sdey.
Finally, what are the overall price impacts of seenarios and how do their prices, costs, and emss
rates vary by region? Prices generally reflect iotpan electricity users and regional variatioheatt

6 Such heat rate improvements are generally corezidess effective for other types of fossil geresat
7 See EPA (2014), "Technical Support Document: GHfatdment Measures" for additional sources and sson.

9



the distribution of those impacts. Society will gealy prefer the lowest cost possible but may bing
to pay higher overall costs for policies it vievesheaving a more equitable distribution of impagiso of
concern is whether policies exacerbate or ameé&aratrent regional differences, because such
differences could be viewed as an obstacle todupoticies.

Table 2 shows the four policy scenarios’ pattererafssions reductions. All reductions are calcalate
relative to a baseline projection of future emiasishould no new policies be put in place. The @tes

are designed for comparability of near-term emissi®duction; the average reductions over the 2016—
2020 period equal 5% in all cases. But the redostthverge after 2020. At one extreme, the single
tradable performance standard leads to almostdwetiens in the more distant future, because, @ven

the baseline, the average fossil emissions rdtedalnew natural gas is required to meet futigetetity
demand. In particular, the baseline emissionsfaditeby more than 5% by 2030 and by more than 10%
by 2040. With these baseline forecasts, fixing@armssions standard at 5% below the 2016—2020 average
rate achieves (virtually) no more emissions redundtiafter 2030. The policy simply speeds up the pac

of emissions rate improvements before returningpédbaseline trajectory.

This phenomena represents an important featurechfding new natural gas capacity in a tradable
performance standard with a constant target, tigetaan be met naturally over time as newer, more
efficient units are built. This contrasts with tfleeent proposed guidelines by EPA (2014a) that only
included existing fossil sources, though the ageaquested comment on how to include new sodrces.
Under an existing-source-only tradable performastaadard, achievement of a constant target would no
necessarily occur naturally, because the new nfticteat units expected to come on line are not par

the population of existing sources being regulated.

Under the policy scenarios in this analysis, aedéhtiated standard has more impact after 2020tkean
single tradable performance standard. The shifatdwatural gas expected in the baseline does not
automatically make the requirements of a diffesetl standard easier to achieve as it does firigée
standard. Under a differentiated standard, coalgaisdunits have to, in effect, jointly meet a wisgh
average of the standard for gas plants and thdatdrfior coal plants, where the weights are thetired
shares of coal and gas generation. As total (neistiag) fossil generation shifts toward natural ,gasat
weighted average target declines under a diffeatattistandard but not under a single standarcheso t
natural evolution of lower-emitting gas generatsenves a complementary role in emissions reduction
under the differentiated standard and as a sutesfiiu other mitigation efforts under the singlarstard.

A non-tradable standard leads to the largest persismissions reductions. Such a standard eligsreat
segment of the coal generation fleet that is dvereimissions limit and that cannot be sufficientlgost-
effectively retrofitted to meet the limit. This mlinated capacity is gone forever and must ultingabel
replaced with additional, lower-emitting combingatle natural gas, yielding lower emissions in theg
term (in the near-term, the eliminated coal cagamin be partially offset by other, unused existing
capacity).

The flat carbon-pricing approach provides a comtificentive to reduce emissions, regardless of the
baseline emissions rate. However, as the mix ntdracomes cleaner, the approach’s effectiveness (
terms of percent reductions) diminishes, becaussitte of the carbon price relative to the cost of
reductions declines in the (naturally over tim&agier fleet. A fixed or declining emissions capuor
escalating carbon tax, which is typical of mostgmsals, would have a stronger long-term incentias t
the flat tax analyzed here but would be hardetapare side by side with the other policies, whiloh
not escalate over time.

8 New fossil EGUs are regulated under the propossB3) but at a rate that is not binding for new naigas combined cycle
units (U.S. E.P.A., 2014d).
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Against these emissions outcomes,

Table 3 shows the various aggregate cost outcohhesfirst column, reflecting immediate costs oves t
2016-2020 horizon, shows that a flat carbon pmzeasingle emissions standard are equally low cost
Two caveats are in order. One is that the codteflat carbon pricing is presented on a net basis,
meaning the costs associated with buying allowanceaying a tax are not counted—only the
incremental costs of generation induced by thearatdx count as net costs of the policy. The tax
payment itself represents a transfer to someorearekhe economy and thus is netted out of therdigu
The transfer does, however, have important didinhal implications for those paying the carborceri
and those receiving it.

Another caveat is that aggregate electricity demsaimeld constant. This caveat is particularly imgiot
with regard to the apparent equivalence of a #ialban price and single emissions standard. Coluinn 3
Table 3 highlights that wholesale power pricessigaificantly different. As discussed above, a afald
standard can be viewed as a carbon price coupbdawioutput subsidy. Whereas carbon pricing raises
wholesale prices—mainly to reflect the cost of ¢éhdtted carbon—a tradable standbowers wholesale
prices!® In a modelwith demand response, lower wholesale prices woul@aser the quantity demanded
(or at least fail to reduce demand) relative tdoarpricing. If demand were allowed to respond, the
lower wholesale price would require more costlyigaition in the power sector to achieve the same
ultimate emissions outcome with a higher level efigration. Column 2 of Table 3 shows that carbon
pricing is ultimately more expensive than the sinighdable standard—»but this pricing reflects the
additional long-term reductions noted in Table 2.

Examination of the other two policies reveals a @amat surprising result: the differentiated tradabl
standard is more costly over the 2016-2020 horilzan the non-tradable standard. The differentiated
tradable standard is more flexible than the nodaide standard; it could, in fact, be met by purguhe
non-tradable compliance strategy—total emissiomsgemeration are the same. The reason that itie mo
expensive over 2016-2020 horizon, however, isithgtto a large extent, simply accelerating the-|
carbon transition and bringing forward future cestemely the construction of additional gas-fired
plants to meet the regulation in the 2016—2020ftiamee. These plants are built anyway, in the baseli
after 2020. Because of the baseline improvemergmissions rates, noted above, the fleet eventually
meets the standard without any changes beyondibgiggs investment forward. Relative to the
differentiated standard, the non-tradable standailds less new natural gas plants over the 20183-20
horizon, in part meeting the standard by runnirggdbal fleet more cleanly and by closing down the
dirtiest coal generators. Ultimately, those coalegators must be replaced and thus more signifizsts
show up after 2020 in the non-tradable scenaramlifey to higher total costs in the long run, ansee
Table 3, column 2.

Capacity and Generation Choices

Costs through 2020 and beyond hinge on generatioices, particularly on new capacity, retrofit, and
retirement decisions during the 2016—-2020 timefréomaeet immediate compliance obligations. In this
analysis’s formulation of a constant regulation igsions rate standards, carbon price) that inclodes
natural gas generation, compliance obligationgrarst binding in the 2016—2020 period; efforts to
continue to meet targets under each of the foucipsldiminishes as, even in the baseline case, new
natural gas capacity comes on line and the usealfpeaks.

9 A large portion of the debate over federal cap-made legislation has focused on how to equitaisribute the proceeds from
carbon pricing—a concern largely eliminated in di&sion of tradable performance standards.

10 This result ofower prices is possible in the short- to medium-run beeaof existing capital stock in power sector dred t
ability to shift costs onto the owners of that ¢alpiln the long run, capital has to earn a mar&eirn and electricity prices must
rise to cover policy costs—though not as much aeunarbon pricing.
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Figure 3 shows generation by fossil fuel type dtiermodel horizon to 2050, which provides a lens
through which to understand the effects of retspfietirements, and new capacity, which are shown i
Table 4 (in columns 1-3, 4-6, and 7-9, respectjvélyFigure 3, carbon pricing and a single tradabl
standard lead to the largest drop in coal generatiml the largest increase in gas generation dthrang
2016-2020 period. By pricing carbon emissions withdifferentiating between coal and natural gas
generation, these options yield the most subgiitutiom coal to natural gas.

Perhaps the more significant story in Figure 3iesgermanent decline in coal use under the nomddtad
policy. Under this policy, high-emitting coal plardre retrofitted to meet the standard or areecbtir
Although other policies temporarily can have a tFeéor smaller) effect on coal generation through
carbon pricing, that effect wears off as the sesiapacity and generation mix evolve. Some of ¢bial
generation effect is likely a function of this ayms$’s particular scenarios—a permanently fixedhdsad
or carbon price and inclusion of new generatioregulation rather than increasing stringency and
regulation only of existing sources. As noted abhovith naturally improving emissions rates in the
baseline, the effects of these policies decrease.

Table 4 provides additional detail. More than twéeemuch coal is retired under the non-tradablieyol
(50 GW by 2020) as seen in columns 4-6. This c@yp@cunavailable in future years to support the
increased coal use seen in other scenarios ind=Byurhis lack of coal capacity eventually necesss
additional natural gas capacity. Although increasesatural gas capacity are accelerated in treethr
other policy scenarios compared to the refereneras, as seen in columns 7-9, only the non-ttadab
standard yields additional natural gas capacityqugh proportion to the lost coal capacity—25 GW)
the end of the policy horizon in 2050.

Returning to the near-term effects in the 2016-28200d, the differentiated and non-tradable stedwla
have less of an immediate impact on the level af generation than the other two policies, bec#usg
induce additional efficiency improvements in colams. This phenomenon is seen in Figure 4, which
shows emissions rates for coal-fired and natursdfgad plants. Near-term emissions rates amonb coa
plants are much lower under differentiated and tnadable standards. But compared with the non-
tradable standard, the differentiated standardeaelieven lower rates for c@eid natural gas by
incentivizing shifts from higher-emitting coal geaton to lower-emitting coal generation and from
higher-emitting gas generation to lower-emitting ganeration. The non-tradable standard simply
requires high-emitting coal facilities to (a) rdit@r (b) retire, both of which lower the averagmissions
rate for coal and do nothing to natural gas pldfitpure 4 also shows that carbon pricing eventually
lowers coal emissions rates.

These improvements in coal-fired generation efficiecome largely from increased retrofits. Theafétr
decisions can be seen in more detail in columnsoiFable 4. Early coal retrofits in column 1 araah,
much higher under the non-tradable standard anditfeeentiated standard than under the other polic
scenarios. The increase in early retrofits undedifferentiated standard arises because €2€xlit prices
are higher than in the other (non-differentiatedjling alternative, as seen in column 7 (as ndbedey
the differentiated standard only accelerates theng of this new capacity—the cumulative addititys
2050 are virtually unchanged).

Interpreting these capacity changes in terms ofehacy of different policies requires a focus on
permanent changes. The non-tradable standard renaovadditional 25 GW of coal-fired capacity that
otherwise remains in the other cases. Comparedaithibr the carbon tax or single tradable standhed,
differentiated standard leads to more than 200 GW@dditional retrofits in 2020; compared with the
reference scenario in the long term, it leads trlgaghree times more retrofits. Both the non-tizda
standard and differentiated standard lead to isea natural gas capacity in 2020, but neithénede
increases is particularly large compared with tieedase over the long run. The most important figdi
for policies achieving the same emissions redustfior to 2020 is that a non-tradable standar@202
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legacy is permanently removing more coal-fired cétgdahan a differentiated standard, whereas a
differentiated standard’s 2020 legacy is improwéfiiciency among coal plants, more of which remiain
place over the long run than under a non-tradahbledard.

Prices and Regional Impacts

The DIEM model allows wholesale electricity prices for all 14 U.S. regions to be calculated. This analysis

aggregates those prices to characterize national, aggregate wholesale price impacts. These impacts are shown in
column 3 of

Table 3. As noted above, both tradable standaadkttd ower wholesale prices. This near- to medium-
term phenomenon occurs frequently under such stdsdaecause the marginal producer—in this case,
gas-powered generation—is enjoying a net subsidyaasownward shift in its marginal cost function.
This subsidy is financed by a net tax on coal énases what would otherwise be profit for owners of
coal-fired generation, a phenomenon that will evally cease as capital turns over.

Pricing emissions without subsidizing clean genenat-carbon pricing through either a tax or cap and
trade—has the largest effect on wholesale eneiligggrand that effect is price increasing, because
generators recognize the (opportunity) cost oftedir emissions, not just those emissions above the
standard. The non-tradable standard raises piilcgtysbecause a group of generators—those coatglan
that retire—are removed from the dispatch schedtli&jng the aggregate marginal cost curve for
dispatch to the left (and upward).

Perhaps more interesting are the regional effddtseonvholesale price changes. Figure 5 shows the
upward regional price effects for carbon pricirgft(pbanel) and the non-tradable standard (righepan
The price increases are generally lowest in thdemesegions. This finding reflects cleaner geriemt
on average, setting prices at the margin. For éimetradable standard, the price increase is lower i
western and eastern regions than the central regidrthere is greater variability in both the calnand
eastern regions than the western region. The regidth the highest impacts face the most retiremeft
higher-emitting coal plants. Price variation in te& panel (carbon price) reflects difference¢nmainly
gas-fired) emissions rates at the margin, whergas pariation in the right panel (non-tradablenstard)
reflects differences in where the higher-emittinglgplants, destined for retirement under the non-
tradable standard, are located.

Moving to the tradable performance standards, Ei§ushows the effect on regional wholesale prices
from a single standard (left panel) and a diffdetatl standard (right panel). The pattern in tftepanel
is similar to the carbon-pricing panel: all of thers shift downward yet mostly preserve the sarderan
terms of regional differences. That is, the regithrad had the smallest positive increase in thepifiel
of Figure 5 (e.g., regions in the West) generadlgl the largest negative decrease in the left panel
Figure 6—both within and across regions.

One goal of the differentiated standard, presumasly help shift what might otherwise be viewsdaa
disproportionate burden away from those regionhk higher-emitting generation by setting a less
stringent emissions standard for coal-fired gemanand a more stringent standard for gas-fired
generation. In the right panel of Figure 6, thigeffis evident to some extent. Regions in the West
from having some of the largest negative price ittgp#o having some of the smallest—presumably
because their generation is tilted more toward gathe same time, however, the variation in price
impacts among regions has increased. Two simplsunes of spread, the standard deviation of prices
across regions and the range of values, both iser@de standard deviation of the price changdsogo
0.67% in the left panel to 0.85% in the right pafiéle difference between the largest and smalkest p
change goes from 1.9 in the left panel (Floridasusithe Pacific) to 2.8% (California versus Floyida

Part of the intuition for these confusing resutisnes from Bielen (2014). Although differentiation
presents coal-fired generation with a relativelgyet-meet standard, it also raises the crediepfacoal
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(and decreases the credit price for natural gdsy.cbmbination of these two effects can be posdive
negative for coal (and gas). Bielen (2014) arghasregions with cleaner coal will generally doteet
and regions with dirtier coal, worse.

A second part of the intuition is that, with thisadysis’s level of differentiation of 2,095 and 857
Ibs/MWh for coal and gas, respectively, the cletineal-fired plants are receiving a net subsidy tued
dirtier gas (actually, all of the steam gas) plartspaying a net tax. In this way, the left paridtigure 6
is highlighting primarily a coal-gas difference, @vhas the right panel is highlighting a clean ayze-
versus dirty coal-gas difference.

Wholesale prices will influence consumer pricessigions with competitive markets; they also will
reflect the burden on the marginal generator. Rerlasbetter measure for distributional impacts wdd
some measure of production costs. Figure 7 shosveftact of differentiating the tradable performanc
standard on total power sector costs by regiore Wwhkolesale prices, variation increases with a move
from a single standard to a differentiated standdrdike wholesale prices, which are solely deteedi
by the net subsidy or tax of the marginal generatoanges in costs reflect many factors across all
producers: changes in generation patterns acrgesss changes in mitigation costs, and changes in
flows of permit credits across regions. Moreoveneration costs in a given region do not necegsaril
reflect costs borne by that region, because usedhss ownership) of generation in one region may
occur in other regions. In short, differentiateahstards clearly facilitate more coal use and moed-c
fired generation compared with the other regulatptjons, but the relative regional burdens of the
standards are unclear.

A final issue tackled by this analysis is whetheggulations are increasing or decreasing the diftare
among regions in terms of wholesale prices andsanis rates. Lessening differences might be viewed
as a helpful step for future policies that otheeahsve to deal with the kinds of uneven impactsusised
above. With regard to prices, lessening differemoight also reflect a better notion of equity—ifqar
increases are higher in low-price regions. Figush@wvs how changes in emissions rates on-tnds
(e.g., the change in the 2016-2020 emissions partcular policy relative to the baseline) depenca
particular region’s initial emissions rate on thaxis. A situation in which higher initial rates lemimore
negative changes (e.g., a downward-sloped patteuld suggest converging rates. Different colors
represent different policies (black is the singselable standard and very similar to carbon prising
emissions effects; red is the differentiated stagidand blue is the non-tradable standard) andehtcal
line shows the average baseline rate. Interestitiggynon-tradable standard (blue) appears to theve
effect of lowering the emissions rates in the waghest-emitting region. No such pattern emergeshiie
other two policies, suggesting that the flexibilisovided under both trading scenarios leads thledsit
emitters to buy their reductions from other emissiesources. Because this option is not availaldeun
the non-tradable standard, other forms of mitigetioetrofit or retire—will be necessary.

Figure 9 reveals the results of the same exerorseléctricity prices. The change in electricitycps is
shown on thg-axis (policy — baseline averaged over the 2016—2122on), and the baseline electricity
price is shown on theaxis. Here, the differentiated tradable standardgd) appears to have the desired
pattern: it has less negative impact on lower griparticularly compared with the single-standand (
black).

Figures 8 and 9 show that the non-tradable starftsd somewhat equalizing effect on emissions,rate
but the differentiated standard has a somewhatieoupeffect on electricity prices, particularlglative
to the single standard.
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DISCUSSION AND NEXT STEPS

This paper has explores how certain policy choiekged to implementation of power plant regulation
might affect emissions outcomes, costs, and fyiatieies, particularly in terms of capacity changdes
also examines policy effects on the regional distion of emissions rates and wholesale electricity
prices. It leads to the following general emissjamtst, and distributional tradeoffs observations:

» A variety of policy designs—emission pricing, tratiastandards (uniform or differentiated), and
non-tradable standards can be used to achievdereaemissions reductions of 5% over the
2016-2020 timeframe.

» Atradable emissions standard that remains fixent tiktne and that includes new generation will
create near-term reductions but have little impacémissions, as emissions reduction actions are
shifted over time more than permanently induceds $tandard—and its outcomes—differs from
the recently proposed EPA standards that (a) strengver time and (b) include only existing
emissions sources.

* The wholesale price impact of tradable standartietier differentiated or non-differentiated, is
to lower prices by effectively subsidizing relativéow-emitting generation.

» Tradable standards that significantly differ foatand gas can lead to higher coal generation
than those that do not, but at a significant ¢bisis higher cost arises because of the need to
reduce emissions rates for caatl for gas rather than just substitute coal for gas.

» Tradable standards that significantly differ foatand gas lead to more variation in wholesale
price impacts across regions than non-differerdiatandards—although the pattern of variation
reflects smaller decreases in currently low-priasgions and larger decreases in high-price
regions. In this way, wholesale prices are likelyoé more similar across regions after 2020 with
tradable standards in place.

» Differentiated tradable standards for coal andagawell as non-tradable standards have more
significant consequences for generation capaci0R0 than do the alternatives. Differentiated
standards will lead to considerably more efficiemmyestments among coal plants; non-tradable
standards will lead to considerably more coal-ptatitements. This difference in the coal fleet,
relative to carbon pricing or a uniform tradablanstard, could have important consequences for
future policies.

These observations raise more questions. First,rhigivt they be affected by regional differentiatan
emissions standards in the EPA rules proposednia 20147 Given the cooperative, federal-state
partnership model for regulation under section @} f the Clean Air Act, states may pursue a varadt
policy options in response to EPA guidance. How i@easonable views about such differentiation
affect the aforementioned observations?

Second, if existing power plant rules are viewedmsterim measure, what are some of the possible
long-term policies, and how does the legacy ofantrregulation affect the relative strengths ofthe
policies? How might different near-term regulati@®lve or terminate under long-term options sugh a
a national clean energy standard, federal cap+aud-program, or federal emissions tax? Do various
long-term policies look better or worse owing t@réerm regulation? Should the answer to that gquest
affect near-term regulation choices?

The idea of implementing a relatively uniform feale6HG policy operating across all sectors, as
contemplated through most of the last decadeyiagjivay to the reality of a more complicated
patchwork of state- or regional-level policies,tpygin response to regulation under the Clean Ait. At
is also clear that these policies will likely eveh\Research into these and other questions will be
necessary to better inform the choices that théedrétates faces.
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TABLES AND FIGURES

Table 1. Emissions Policy Scenarios.

Scenario Rate-based or | Trading Same Standard that
mass-based? standard for achieves 5%
coal and reductions
natural gas? (2016-2020)

Flat carbon price Mass Yes Yes S9/ton CO,;
(emissions cap/tax)
Single tradable Rate Yes Yes 1,544 |bs/MWh
standard
Differentiated Rate Yes No 2,095 Ibs/MWh coal
tradable standard 856.7 Ibs/MWh gas
Non-tradable Rate No Yes 2,177 Ibs/MWh
standard
Table 2. Emissions Reductions (%) versus Baseline.

2016 2020 2030 2040 2050
Flat carbon
price -5.47 -4.55 -1.98 -1.88 -2.02
Single tradable
standard -5.44 -4.57 -0.20 -0.03 -0.02
Differentiated
tradable
standard -5.73 -4.30 -1.35 -0.95 -0.86
Non-tradable
standard -4.71 -5.28 -6.58 -6.48 -6.50

Table 3. Aggregate Cost and Wholesale Price Impacts (%) versus Baseline.

Total costs 2016—

Net present value of

Policy 2020 costs, 2015-2040 Wholesale prices

Flat carbon price (net) 0.87 0.66 9.82
Single tradable

standard 0.89 0.25 -4.14
Differentiated

tradable standard 3.00 0.98 -2.40
non-tradable

standard 2.24 1.99 3.72
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Table 4. Changes in Capacity (Cumulative Gigawatts).

1 2 3 4 5 6 7 8 9
Coal retrofits Coal retirements New natural gas capacity
2020 2035 2050 2020 2035 2050 2020 2035 2050
Baseline 6.7 49.7 78.7 21.7 26.5 26.5 19.2 | 1439 | 229.0
Flat carbon
price 16.8 | 129.8 | 155.0 24.4 29.2 29.2 29.2 | 149.8 | 227.1
Single
tradable
standard 25.4 62.7 78.7 21.8 26.6 26.6 26.8 | 144.0| 229.1
Differentiated
tradable
standard 216.8 | 220.3 | 220.3 21.8 26.6 26.6 44.4 | 1443 | 229.1
Non-tradable
standard 92.1 93.5| 100.2 50.0 54.8 54.8 36.1 | 169.7 | 253.9
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Figure 1. Distribution of Emission Rates by Fuel.
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Figure 2. Regions in this Version of DIEM-Electricity.
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Figure 3. Generation by Fossil Fuel.
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Figure 4. Emissions Rate by Fossil Fuel.
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Figure 5. Change in Regional Wholesale Prices Relative to Business as Usual (Averaged over 2016—2020 Horizon):
Carbon Tax and Non-Tradable Standards.
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Figure 6. Change in Regional Wholesale Prices Relative to Business as Usual (Averaged over the 2016—-2020
Horizon): Tradable Standards.
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Figure 7. Changes in Electricity Sector Costs Relative to Business as Usual (Averaged over 2016-2020
Horizon).

Single tradable standard Differentiated tradable standard

2 ]

<< -

m

2 o]

) —

=

=

8 15

D

2 T r [

c 7

@

d=

O 10| I

o

c

()

2 g

o

o

West Central East avg West Central East avg
I r-cific I c:lifomia I  Upper Mountain States
P AazNmco I west North Central [l West South Central
_ Texas East North Central _ East South Central
P Newengland [ New York I wviddle Atlantic
South Atlantic Florida United States

21



Figure 8. Effect of Policy on Regional Emissions Rates (Averaged over 2016—-2020 Horizon).

=
o
2R .
— L
)
o
2S
0
= ° o
.?o - L $ 2 B
S ® o A .
Q + A H
£3 ¢ e o
§ al 7 + OAa x
o
C o
o
=N\
[0) [ ]
29 o
a8
%5 T T T T
0 . ~ 500 ~ 1000 o 1500
Baseline emission rate over all generation (Ibs carbon dioxide per kwh)
® Pacific € California B Upper Mountain States
A AZ NM,CO x West North Central + West South Central
O Texas ¢ East North Central O East South Central
A New England ® New York ¢ Middle Atlantic
® South Atlantic 4 Florida

Notes: Black = single tradable standard, red = differentiated tradable standard, blue = non-tradable standard. The vertical line
shows the average emissions rate across the United States.

22



Figure 9. Effect of Policy on Regional Electricity Prices.
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