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model the effectiveness of rules designed to regulate the carbon content of electricity imports under California's carbon cap-and-trade system.
construct a simulation of the electricity market in the Western U.S. based upon actual 2007 market data.
perturb the market model with variations of cap-and-trade designs.
ﬁnd that current policy will lead to substantial “reshufﬂing” of emissions and limit the impact of California's emissions cap.
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This paper examines the implications of alternative forms of cap-and-trade regulations on the California
electricity market. Speciﬁc focus is given to the implementation of a downstream form of regulation
known as the ﬁrst-deliverer policy. Under this policy, importers (i.e., ﬁrst-deliverers) of electricity into
California are responsible for the emissions associated with the power plants from which the power
originated, even if those plants are physically located outside of California. We ﬁnd that, absent strict
non-economic barriers to changing import patterns, such policies are extremely vulnerable to reshufﬂing
of import resources. The net impact implies that the ﬁrst-deliverer policies will be only marginally more
effective than a conventional source-based regulation.
& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
A central problem faced by regulators in implementing climate
change policy is the limit of their regulatory jurisdiction. While
greenhouse gas (GHG) emissions can be controlled locally, the
damages associated with them are felt globally.1 Thus GHG
emission reductions are a global public good, and local restrictions,
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This is the case because GHG is a uniformly mixed, and therefore global,
pollutant. With local pollutants, leakage can beneﬁt those living within the
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voluntarily undertaken by some jurisdictions, can be seriously
undermined by offsetting emissions increases elsewhere. Perhaps
the most obvious way for polluters to circumvent an environmental regulation is to relocate the regulated facility and its
polluting activities to another jurisdiction. Following the literature,
we refer to this physical relocation of facilities as leakage (see, for
example, Fowlie, 2009; Kuik and Gerlagh, 2003). There is also the
phenomenon of demand-side leakage, whereby a local regulation
that depresses demand for polluting goods in one region can lead
to higher quantities demanded of the goods in unregulated regions
(see Felder and Rutherford, 1993). We will focus here on supplyside leakage, although we comment on the relationship between
demand-side leakage and reshufﬂing when we discuss
reshufﬂing below.
When differentially applied across regions, mandates and
standards can lead to leakage. For example, under the Clean Air

(footnote continued)
regulated region, but some people living outside the regulated region may be made
worse off.
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Act (CAA), more stringent and costly emission standards apply to
non-attainment areas. Research has demonstrated that industrial
activity declines in non-attainment areas and is at least partially
displaced by growth in attainment areas, where regulatory compliance is less costly (see Greenstone, 2003; Becker and
Henderson, 2000). To the extent that this displaced production
emits, pollution has leaked from the heavily regulated region to
the more lax region.
Market-based regulations are equally vulnerable to the problems of leakage. For example, if one jurisdiction imposes a tax on
emissions or establishes a cap-and-trade system, it will be more
expensive for ﬁrms to produce their pollution-intensive goods in
that region. This creates an incentive for ﬁrms to move some (or
all) of their production elsewhere. They may accomplish this by
producing slightly less from their regulated plants and more from
their unregulated plants, or by moving their particularly pollutionintensive plants out of the regulated region.
One option in the regulatory tool-kit is to focus the regulation
on the point in a vertical supply chain where local regulators can
have the most leverage on total emissions. Functionally, such
“vertical targeting” (see Bushnell and Mansur, 2011) can limit
extra-jurisdictional emissions increases by either limiting exports
of carbon producing inputs or restricting imports of carbonintensive products. The latter case, also known as “downstream
regulation”, can produce a related problem that can arise when
regulations are imposed at the point of purchase, but where some
consumers are subject to the policies and others are not.2 If a
sufﬁcient percentage of the products affected by a regulation
already complies with it, the policy's goals can be achieved by
simply reshufﬂing who is buying from whom (see Bushnell et al.,
2008). In the case of a uniformly mixed pollutant, such as GHG,
where the location of emissions has little impact on environmental
damages, reshufﬂing can make the environmental policy completely ineffective, as it will not alter the rate at which the favored
“clean” product is produced.
The reshufﬂing problem is similar to the conditions that limit
the effectiveness of consumer boycotts. Although a percentage of
motivated customers stops buying from the boycotted source,
there will be no net impact on sales or prices if there are enough
other customers who are indifferent to the cause of the boycott
and willing to shift to the boycotted producers. As with an
ineffective boycott, reshufﬂing is more likely when the share of
unregulated products available is larger than the share of regulated products.
Note that both reshufﬂing and demand-side leakage affect
demand outside the regulated area. Unlike demand-side leakage,
however, reshufﬂing does not change total equilibrium consumption (or prices or emissions) of the regulated goods. Reshufﬂing
requires that consumers inside the regulated region perceive the
clean product to be a perfect substitute for the dirty product, and
so substitute all their consumption to the clean product, while
consumers outside the regulated region are indifferent between
consuming clean or dirty goods, and so increase their consumption
of the dirty goods. There is no such perfect substitute available
with demand-side leakage. In fact, there is a duality between
reshufﬂing and demand-side leakage, since if ﬁrms are able to
reshufﬂe completely, there need be no change in prices and
therefore no demand-side reaction to the regulation. It is only to
the extent that ﬁrms are unable to avoid the regulation through
reshufﬂing that there is a real reduction in emissions in the
regulated jurisdiction through new, clean supply or reduced dirty
2
Ironically, policy makers are often attracted to consumer-based regulations
either because much of the production takes place outside of their jurisdiction or
because they fear that regulating only producers within their jurisdiction will lead
to leakage.

consumption. In the latter case, there could be demand-side
leakage if the reduced dirty consumption in the regulated region
drives down the price for the product elsewhere.
In this paper we examine this issue in the context of the
California cap-and-trade market for CO2 emissions. As described
below, this market is highly dependent upon imported products,
particularly electricity, and is therefore vulnerable to both leakage
and reshufﬂing, depending upon the point of regulation. The
current practice is to regulate the emissions of local sources, and
the emissions associated with electricity imported into the State.
These regulations would be accompanied by a series of additional
measures intended to limit reshufﬂing.
We simulate the potential effectiveness of these additional
measures by building a simulation model of this market. Electricity production, transmission, and emissions are recreated for a
baseline year of 2007 for which detailed data on actual market
conditions are available. Once this baseline simulation is constructed, we simulate several counter-factual emission regulations
to examine the emissions and price-effects of these designs. We
ﬁnd that even a modest weakening of the additional measures
targeted at limiting reshufﬂing will greatly undermine the strictness of the emissions cap through reshufﬂing.

2. Regulating the California electric sector: a hybrid approach
The Global Warming Solutions Act of 2006 (AB 32) calls for
California to reduce GHG emissions to 1990 levels by 2020, and
assigns the responsibility for developing a strategy for meeting the
2020 target to the California Air Resources Board (CARB). The AB
32 Scoping Plan, the document that details the approach adopted
by CARB, includes a cap-and-trade program.
The cap-and-trade program establishes an aggregate cap covering approximately 85% of the States GHG emissions, and a system
of tradable emissions permits that regulated facilities may use to
meet their compliance obligations. The program covers emissions
for the years 2013–2020, and is partitioned into three compliance
periods. Beginning in 2013, emissions obligations will be assessed
on industrial facilities and ﬁrst deliverers of electricity to the
California grid. Emissions associated with fossil transportation
fuels and retail sales of natural gas are included in 2015, at the
start of the second compliance period. The third compliance
period runs from 2018 through 2020.
With the exception of linkage with Quebec, the California
initiative is largely proceeding in advance of the broader-based
Western Climate Initiative (WCI). In future compliance periods, the
WCI could link cap-and-trade programs in British Columbia,
California, Manitoba, Ontario, and Quebec, allowing covered entities to participate in a regional cap-and-trade allowance market,
initially encompassing large stationary sources (primarily electricity) and then expanding to include other sources, including
transportation fuels.3
California electric utilities serve their demand with power
supplied by generation facilities they own, contracts with other
generators or marketers, and short-term market purchases. Some
generation is located in California and additional energy is
imported from other states in the Western Interconnection.
California's end-user electric demand and in-state electric generation accounts for one-fourth of the emissions included under the
statewide cap. Imported electricity is a signiﬁcant energy and
emissions source. In 2008, imported electricity accounted for
approximately one-third of electricity supplied to the California
grid, and half of electric sector emissions.
3

WCI, 2008.
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Recognizing that an accurate accounting of California's GHG
footprint would need to include emissions from imported electricity, and leery of emissions leakage, the California Legislature
wrote a provision into AB 32 directing CARB to account for all
emissions from out-of-state electricity delivered to and consumed
in California. While the most parsimonious means of achieving
this objective would be to directly regulate generators of electricity used to serve the California grid, California's limited jurisdiction does not allow for the direct regulation of out-of-state
generation facilities. In order to meet the statutory obligation of
AB 32, CARB developed a hybrid approach to regulate the electric
sector. Under the hybrid approach, the ﬁrst deliverer of electricity
into the California grid faces the compliance obligation for emissions. For in-state generation the facility operators are considered
the ﬁrst deliverers. Operators of in-state facilities report facility
emissions and net generation directly to CARB. Therefore, the
source (and associated emissions) of the electricity is known. First
deliverers of imported electricity are the marketers and retail
providers who import energy into the California grid.
One signiﬁcant limitation of this approach is the uncertainty
associated with which emissions factor to attribute to imported
power. As a jurisdiction embedded within the Western Interconnection, an electrical grid that encompasses the provinces of
Alberta and British Columbia, the northern portion of Baja California, Mexico, and all or portions of the 14 Western states,
electricity imports do not, in general, travel directly from generation facility to the California grid. Rather, energy entering the grid
ﬂows over the path of least physical resistance, often traveling
circuitously and always impacting the path of all other energy
ﬂows on the grid. Therefore, it is generally not possible to identify
the source of imported electricity with sufﬁcient granularity to
assign a speciﬁc emissions obligation. California regulators address
this uncertainty of the emissions factor by providing ﬁrst deliverers the option of reporting a facility-speciﬁc emissions factor
associated with the energy they are importing.
CARB, however, has set a high bar for importers wishing to
claim a facility-speciﬁc emissions factor. In order to claim a
facility-speciﬁc emissions factor the importer must provide three
pieces of documentation: evidence that the facility was operating
in the same hour that the power is claimed to have been
scheduled into California; evidence that the importer possesses
rights to the power generated by the facility; and evidence that the
importer scheduled an equivalent amount of power from the
generating facility's balancing authority area into the California
grid. In many cases, ﬁrst-deliverers of imported electricity will not
be able to provide this level of documentation. In such cases, CARB
assigns ﬁrst deliverers of imported energy a default emissions
factor, which is meant to represent the most likely emissions
factor associated with energy generated out-of-state to meet
California load, discussed in greater detail below.
Historically unspeciﬁed power has made up a substantial share
of imports. In the 2008 GHG Emissions Inventory, unspeciﬁed
power accounted for approximately 57% of emissions associated
with imported electricity.4 Because of this, the treatment of
unspeciﬁed power and the value of the default emissions factor
will be central to an accurate accounting of emissions from
imported power.

4
In the 2008 CARB Inventory unspeciﬁed imports are assigned a default
emission factor equivalent to US EPAs annual non-baseload output emissions rates
for the Northwest (1201 lbs/MW h) or Southwest (1334 lbs/MW h) eGRID regions,
depending on where the power entered California. These emission factors, which
were reported in 2007 for the 2005 measurement year, may be accessed at: http://
cfpub.epa.gov/egridweb/ghg.cfm.
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2.1. The default emissions factor
In their Interim Decision, the California Public Utilities Commission (CPUC) recommended that CARB uses a regional default
emission factor of 1100 lbs/MW h to represent unspeciﬁed electricity. This emission factor was meant to loosely approximate the
most likely source of marginal generation, a less efﬁcient gas ﬁred
generator located out-of-state and within the Western Interconnection. Subsequently, CARB collaborated with the California
Energy Commission (CEC), CPUC, and other WCI jurisdictions to
reﬁne this number by developing a methodology for assigning an
emission factor for unspeciﬁed power that would accurately
reﬂect the emissions associated with marginal electricity.
The WCI working group settled on a default emission factor of
961 lbs/MW h (0.428 MMT/MW h), representative of a fairly clean
natural gas plant. The unspeciﬁed power emission factor is
calculated as a rolling three-year average of the marginal plants
in the Western Interconnection, where marginal plants are deﬁned
as facilities producing at 60% of generating capacity or less. The
emission factor is then calculated using Energy Information
Administration (EIA) fuel and net generation data and CARB fuelspeciﬁc emission factors.
The resources assumed available for marginal dispatch are
largely natural gas facilities. Baseload and renewable sources are
excluded from the WCI market emission factor calculation. Baseload facilities are typically large capacity sources, such as coal,
large hydro, and nuclear power, that generate electricity at costs
lower than natural gas facilities. Less expensive coal, nuclear
power, and hydroelectricity are assumed to be fully committed
to meet utility baseload in the Western Interconnection. More
expensive renewable energy is assumed to be fully contracted by
electric utilities in order to meet Renewable Portfolio Standard
(RPS) compliance targets.
Under cap-and-trade, the prevalence of unspeciﬁed power will
be inﬂuenced by the default emission factor. First deliverers and
generators of low-emitting and non-emitting resources will wish
to specify their actual emission factors in order to minimize the
carbon costs associated with their output. Merchant generators
that have historically sold higher-emitting out-of-state power into
California and California ﬁrms with long-term contracts to import
higher-emitting out-of-state power will have an incentive to
“launder” or simply not report the emissions content of their
higher-emitting resources, in order to attain the lower default
emission factor. That is, ﬁrms with the ability to specify an
emission factor for their higher-emitting power (because they
posses generation rights, transmission rights and import a quantity of power into California) may launder their power by entering
into a contract with another marketer to sell and repurchase an
equivalent quantity (thereby severing generation rights) or simply
choose not to report the emissions content of their power to
regulators. Laundering and underreporting precipitates GHG emissions leakage. This may be of particular concern, due to the fact
that many of the high emitting resources that ﬁrst deliverers could
seek to launder are baseload or otherwise operating at a high
fraction of capacity. As a point of reference, the California Energy
Almanac reports that in 2009 more than 20,000 GW h of speciﬁed
coal power were imported into California. If all of these resources
were to somehow become unspeciﬁed, it would result in approximately 10 mmtons of paper emission reductions. That quantity is
roughly equivalent to the entire 2012 annual allocation of emission
allowances to the oil and gas extraction sector, the second largest
industrial sector regulated under the program.5

5
Moreover, California regulators set annual emissions caps (and allocation to
the electric sector) through 2020 with the expectation that ﬁrms previously
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2.2. Additional rules limiting emissions leakage
The default emissions factor is not the only potential conduit
for emissions leakage. Another undesirable behavior that stems
from the ﬁrst deliverer approach is reshufﬂing. Reshufﬂing could
occur if low-emitting and non-emitting resources, which currently
serve out-of-state baseload, were reassigned to California and
higher-emitting out-of-state resources, which currently serve
California, were reassigned to serve the out-of-state baseload. As
with laundering, signiﬁcant reshufﬂing could undermine the
integrity of the program. However, unlike laundering, reshufﬂing
cannot be addressed by correctly setting the default emissions
factor.
To address concerns about laundering and reshufﬂing, and in
recognition of the fact that it would be very difﬁcult for CARB to
identify each instance of laundering or reshufﬂing, CARB has
proposed an explicit prohibition of the behaviors. The prohibition
works by requiring the individual responsible for reporting GHG
emissions for each compliance entity to sign an attestation, under
penalty of perjury, that they have not engaged in any scheme or
artiﬁce to claim GHG reductions that are not real. This approach,
with a lack of detail deﬁning exactly what reshufﬂing was, has
been extremely controversial. On August 8th, Federal Energy
Regulatory Commissioner Phillip Moeller issued an open letter to
California Governor Jerry Brown expressing concern over the
“uncertainty and great concern among entities selling into California” caused by “failing to deﬁne resource shufﬂing, but nevertheless prohibiting it.” On August 16th, CARB Chair Mary Nichols
responded that the agency would suspend enforcement of the
provision for at least 18 months to help avoid any negative impact
on electricity supplies to California. Subsequently, CARB has
developed a list of 13 business practices which do not constitute
laundering or reshufﬂing.6

3. Analysis of cap-and-trade design
Our focus is on the speciﬁc design of the cap-and-trade
mechanism, and its impact on the operation of electricity markets.
Therefore the focus here is on a “short-term” time frame. We base
our analysis upon actual market data drawn from the year 2007,
and look at the counter-factual question of how those markets
would have functioned under a cap-and-trade regime. In this
sense the work follows in the spirit of Fowlie (2009), who also
studies the potential for leakage from a California-only market,
and also that of Bushnell and Chen (2012) who deploy similar
techniques to examine allowance allocation policies in a purely
source-based allowance trading regime.
In a fashion similar to Zhao et al. (2010), we formulate the joint
equilibrium outcomes of the emissions and electricity market as a
linear-complementarity problem. Unlike Zhao et al. (2010) we do
not study the implications for updating policies on plant investment or retirements. In this sense our model, while dynamic, is
focused on short-run operational decisions.
Our study differs from previous work in several important
ways. While Fowlie (2009) models portions of the western
electricity market, we model the emissions credit prices as
endogenous to the cap-and-trade market. This is central to our
(footnote continued)
importing higher-emitting resources would need to continue to import those
resources in order to comply with their long-term contracts. A substantial shift of
higher-emitting resources to the default emissions factor could have a substantial
impact on the GHG market permit price.
6
This document may be accessed at http://www.arb.ca.gov/cc/capandtrade/
guidance/appendixa.pdf.

work given our focus is on the endogenous impact of allocation
policies on permit prices. Second, we explicitly model the ﬁrstdeliverer aspects of the AB 32 policies. To our knowledge, this is
the ﬁrst empirical study directed at this topic. Previous work
examining the impacts of allocation have either taken a general
equilibrium approach (Bohringer and Lange, 2005; Sterner and
Muller, 2008, Fischer and Fox, 2007), or applied more complex
formulations to stylized market data (Chen, 2009; Chen et al.,
2011; Zhao et al., 2010; Neuhoff et al., 2006). Except Chen et al.
(2011), all these papers, including Bushnell and Chen (2012),
which is closely related to this one, model a purely source-based
system.
3.1. Model
In this section, we ﬁrst describe our equilibrium model and
then discuss how we apply data from various sources to arrive at
our calculations.
We assume here that ﬁrms act in a manner consistent with
perfect competition with regard to both the electricity and emissions permit markets.7 As such, the solution stemming from a
perfectly competitive market is equivalent to the solution of a
social planner's problem of maximizing total welfare.
The key variables and parameters of the model are grouped
according to four important indices: the origin, destination, plant,
and time period of production. The total production of plant p
from location i exported to location j, at time t is represented by
qp;i;j;t . Production costs C p ðqp;t Þ, vary by ﬁrm, technology, and
location, and are constant for each plant and are unchanging over
time
C p ðqp;t Þ ¼ cp qp;t
where qp;t ¼ ∑j qp;i;j;t . Total emissions by ﬁrm and technology are
determined by a constant emissions rate ep and denoted
ep ðqp;t Þ ¼ ep nqp;t .
Wholesale electricity is assumed to be a homogenous commodity for purposes of setting wholesale prices, although prices
are assumed to vary by location subject to transmission constraints as described below. For each time period t A f0; …; Tg, a
perfectly competitive market outcome is obtained by solving the
following welfare maximizing problem:
Z Q j;t
P j;t ðQ Þ dQ ∑C p ðqp;t Þ;
ð1Þ
0

p

where P j;t ðQ Þ gives the power prices in location j in period t, and
Q j;t ¼ ∑p;i qp;i;j;t . The output qp;t is further limited by its capacity:
qp;t r Q p . The electricity sales are also subject to cap-and-trade
regulation that will also be discussed below.
3.2. First-deliverer enforcement
As discussed above, one mechanism that can at least partially
combat leakage is regulating emissions from imports by applying
the emissions obligation on ﬁrst deliverers of electricity to the
grid. In the case of imported power, this requires importers of
power to acquire emission allowances and offsets equal to the
measured or estimated emissions of the sources from which the
imported power is claimed to originate. In addition, power plants
within California will be required to cover their emissions with
compliance instruments, following a more conventional “sourcebased” paradigm.
7
Although the California market was notorious for its high degree of market
power in the early part of this decade, competitiveness has dramatically improved
in the years since the California crisis, while the vast majority of supply in the rest
of the WECC remains regulated under traditional cost-of-service principles.
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We model this hybrid design by establishing the cap constraint
in terms of both in-state emissions and emissions from sources
“exporting” power into California. Therefore, emissions from
electricity production falls into two categories, that within the
region covered by the emissions cap and that outside the reach of
the regulation. The following constraint is imposed to model the
cap-and-trade regulation:
∑

p;ði;jÞ A REG;t

ep qp;i;j;t r CAP;

ð2Þ

where the parameter CAP denotes the total cap in the cap-andtrade regulation, and the set REG represents those pairs of
“origins” and “destinations” for electricity sales that are subject
to the cap-and-trade regulation. If the source-based is considered,
REG refers to the pairs with which the origin region i is California.
3.3. Additional regulatory measures
One challenge we faced when modeling the Western Electricity
Coordinating Council (WECC) market is the lack of information
about the power plants that are not required to report in the
Environmental Protection Agency's Continuous Emission Monitoring System (CEMS). We therefore assigned a zero emission rate to
those units since historically they are dominated by renewables
and hydro facilities. Because these units are assigned with a zero
emission rate, allowing them to freely determine their sale
destination is likely to create an unrealistic re-shufﬂing opportunity, and thereby bias the effects of cap-and-trade regulation. We
therefore assume that the power sales of those “NONCEMS” units
are not changed in response to the cap-and-trade regulation and
ﬁx their sales qp;i;j;t at their levels prior to cap-and-trade regulation. To examine the sensitivity of this assumption on the market
outcomes, we later relax it by allowing 10% of the NONCMES
outputs to optimize their destination under the cap-and-trade
regulation.
Another modeling detail that also requires additional explanation is the treatment of existing or legacy contracts. Historically,
some facilities outside of California are partially owned by the
California utilities. Therefore, some percentages of their output is
designated to be imported into the corresponding utility's service
territory by conditions speciﬁed in these contracts. Assuming that
these contracts are maintained, no accounting for them would
inﬂate the ﬂexibility of the market and overestimate the reshufﬂing effects. We treat contractual obligations as applying to
percentages of a plant's output. With this added constraint, the
only way a California utility can reduce its emissions from a
contracted plant is through a reduction in the overall output of
that plant. Again, this constraint only applies if we assume such
contracts are maintained through their current lifetimes. We
explore the implications of this assumption in later sections.
Finally, we follow the proposals considered by CARB to apply a
default emission rate to account for the emissions from the
unspeciﬁed imports. This arises from a situation in which the
emissions of the imports delivered to the California pool-typed
markets cannot be unambiguously identiﬁed. This regulatory
measure allows those plants with an emission rate that is above
the default emission rate to circumvent high emission costs when
selling their power into the California markets.
3.4. Transmission network management
We assume that the transmission network is managed efﬁciently in a manner that produces results equivalent to those
reached through centralized locational marginal pricing (LMP). For
our purposes this means that the transmission network is utilized
to efﬁciently arbitrage price differences across locations, subject to
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the limitations of the transmission network. Such arbitrage could
be achieved through either bilateral transactions or a more
centralized operation of the network. For now we simply assume
that this arbitrage condition is achieved.
Mathematically, we adopt an approach utilized by Metzler et al.
(2003), to represent the arbitrage conditions as another set of
constraints of the market equilibrium. Under the assumptions of a
direct-current (DC) load-ﬂow model, the transmission ‘ﬂow’
induced by a marginal injection of power at location l can be
represented by a power transfer distribution factor, PTDFlk, which
maps injections at locations, l, to ﬂows over individual transmission paths k. Within this framework, the arbitrage condition will
implicitly inject and consume power, yl;t , to maximize available
and feasible arbitrage proﬁts as deﬁned by
∑ ðph;t pl;t Þyl;t :

lah

In the above arbitrage equation, the location h is the arbitrarily
assigned “hub” location from which all relative transmission ﬂows
are deﬁned. Thus an injection of power, yl;t Z0, at location l is
assumed to be withdrawn at h. This arbitrage condition is subject
to the ﬂow limits on the transmission network, particularly the
line capacities, Tk:
T k r PTDF l;k  yl;t r T k :

4. Data sources and assumptions
We utilize detailed hourly load and production data for all
major fossil-ﬁred and nuclear generation sources in the western
U.S. Our primary sources are FERC form 714, which provides
hourly system demand for major utility control areas, and the
EPA Continuous Emission Monitoring System (CEMS) data, which
provide hourly output for all major fossil-ﬁred power plants. The
CEMS data cover all major utility level sources of CO2, but we do
not model output from nuclear, combined-heat and power, wind,
solar, or hydro sources.
These hourly data are aggregated by region to develop the
“demand” in the simulation model. As discussed below, for
purposes of the cap-and-trade simulations, the relevant demand
is in fact the residual demand; the demand that is left after
applying the output from non-CEMS plants. These data are
combined with cost data to produce cost and emissions estimates
for each of the 419 generation units in the CEMS database.
These data are then combined to create demand proﬁles and
supply functions for periods in the simulation. Although hourly
data are available, for computational reasons we aggregate these
data into representative time periods. There are 20 such periods
for each of the four seasons, yielding 80 explicitly modeled time
periods. As California policy was the original focus of this work,
the aggregation of hourly data was based upon a sorting of the
California residual demand. California aggregate production was
sorted into 20 bins based upon equal MW spreads between the
minimum and maximum production levels observed in the 2007
sample year. A time period in the simulation therefore is based
upon the mean of the relevant market data for all actual 2007 data
that fall within the bounds of each bin. Data for the entire western
grid, for a given hour, are then included in this hourly aggregation
so each bin represents an average of several individual concurrent
west-wide hourly market conditions.
The number of season-hour observations in each bin is therefore unbalanced, there are relatively few observations in the
highest and lowest production levels, and more closer to the
median levels. The demand levels used in the simulation are then
based upon the mean production levels observed in each bin. In
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order to calculate aggregate emissions, the resulting outputs for
each simulated demand level was multiplied by the number of
actual market hours used to produce the input for that simulated
demand level. For example, every actual hour (there were 54)
during Spring 2007 in which California residual demand fell
between 6949 and 7446 MW was combined into a single representative hour for simulation purposes. The resulting emissions
from this hour were then multiplied by 54 to generate an annualized equivalent total level of emissions.
In the following sections, we describe further the assumptions
and functional forms utilized in the simulation.

Table 1
Derated generation capacity (MW) by region and fuel type.

4.1. Market demand

Table 2
Energy production (GW h) by region and fuel type.

Aggregate demand is taken from FERC form 714, which
provides hourly total end-use consumption by control-area and
is aggregated to the North American Electric Reliability Commission (NERC) sub-region level. As described below a large portion of
this demand is served by generation with effectively no CO2
emissions, such as nuclear and hydro sources. This generation
needs to be netted out from total demand to produce a residual
demand to be met by GHG producing fossil sources.
End-use consumption in each sub-region is represented by the
demand function Q l;t ¼ αl;t β l pl;t , yielding an inverse demand
curve deﬁned as
plt ¼

αl;t ∑i;j qi;j;t yi;t
βl

where yi;t is the aggregate net transmission ﬂow into location l.
The intercept of the demand function is based upon the actual
production levels in each location calculated as described above. In
other words, we model a linear demand curve that passes through
the observed price-quantity pairs for each period. As electricity is
an extremely inelastic product, we utilize an extremely low value
for the slopes of this demand curve. For each region, the regional
slope of the demand curve is set so that the median elasticity in
each region is  0.05.8
4.2. Hydro, renewable and other generation
Generation capacity and annual energy production for each of
our regions is reported by technology type in Tables 1 and 2. We
lack data on the hourly production quantities for the production
from renewable resources, hydro-electric resources, combined
heat and power, and small thermal resources that comprise the
“non-CEMS” category. By construction, the aggregate production
from these resources will be the difference between market
demand in a given hour, and the amount of generation from large
thermal (CEMS) units in that hour. In effect we are assuming that,
under our CO2 regulation counter-factual, the operations of nonmodeled generation (e.g., renewable and hydro) plants would not
have changed. This is equivalent to assuming that compliance with
the CO2 reduction goals of a cap-and-trade program will be
achieved through the reallocation of production within the set of
modeled plants. We believe that this is a reasonable assumption
for two reasons. First the vast majority of the CO2 emissions from
this sector come from these modeled resources. Indeed, data
availability is tied to emissions levels since the data are reported
through environmental compliance to existing regulations. Second, the total production from “clean” sources is unlikely to
change in the short-run. The production of low carbon electricity
8
When the market is modeled as perfectly competitive, as it is here, the results
are relatively insensitive to the elasticity assumption, as price is set at the marginal
cost of system production and the range of prices is relatively modest.

Region

Coal

CCGT

Gas St

Gas CT

Oil

Total

CA
IM
NW
RM
SW
Total

0
1405
9716
5596
8652
25,369

10,823

12430

2728

496

4506
1476
11,623
28,429

610
96
1751
14,887

1235
1659
1042
6664

496

26,477
1405
16,068
8826
23,068
75,845

Region

Coal

CCGT

Gas St

Gas CT

Oil

Non-CEMS

CA
IM
NW
RM
SW
Total

0
14,407
84,321
49,534
75,292
223,554

66,607
0
24,017
9420
51,184
151,228

12,898
0
1884
10
2937
17,729

1836
0
1387
2236
1374
6833

144
0
0
0
0
144

117,766
0
113,553
1529
63,286
296,134

is driven by natural resource availability (e.g., rain, wind, solar) or,
in the case of combined heat and power (CHP), to non-electricity
production decisions. The economics of production are such that
these sources are already producing all the power they can, even
without additional CO2 regulation. To a ﬁrst-order, short-run
emission reductions will have to come either from shifting
production among conventional sources, a reduction in end-use
electricity demand, or through substitution with unregulated
imports, i.e., leakage or reshufﬂing.9

4.3. Fossil-ﬁred generation costs and emissions
We explicitly model the major fossil-ﬁred thermal units in each
electric system. Because of the legacy of cost-of-service regulation,
relatively reliable data on the production costs of thermal generation units are available. The cost of fuel comprises the major
component of the marginal cost of thermal generation. The
marginal cost of a modeled generation unit is estimated to be
the sum of its direct fuel, CO2, and variable operation and
maintenance (VO&M) costs. Fuel costs can be calculated by multiplying the price of fuel, which varies by region, by a unit's ‘heat
rate,’ a measure of its fuel-efﬁciency.
The capacity of a generating unit is reduced to reﬂect the
probability of a forced outage of each unit. The available capacity
of generation unit i is taken to be ð1fof i Þncapi , where capi is the
summer-rated capacity of the unit and fofi is the forced outage
factor reﬂecting the probability of the unit being completely down
at any given time.10 Unit forced outage factors are taken from the
generator availability data system (GADS) data that are collected
by the North American Reliability Councils. These data aggregate
generator outage performance by technology, age, and region.
Generation marginal costs are derived from the costs of fuel
and variable operating and maintenance costs for each unit in our
9
It is important to recognize that our modeling approach not only assumes
that existing zero-carbon sources will not change how much they produce but also
when they produce it. An interesting question is whether a redistribution of hydroelectric power across time could lower CO2 emissions by enabling a better
management of fossil generation sources. Such an analysis would require a cooptimization of hydro and thermal electric production and is beyond the scope of
this paper.
10
This approach to modeling unit availability is similar to Bushnell et al.
(2008).
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based upon WECC data, and aggregate the available capacities of
aggregate transmission paths between regions.

Table 3
Average emissions rates (tons/MW h) by region and fuel type.
Region

Coal

CCGT

Gas St

Gas CT

Oil

CA
IM
NW
RM
SW

NA
1.011
1.093
1.126
1.081

0.425
NA
0.437
0.420
0.398

0.583
NA
0.639
0.792
0.627

0.822
NA
0.826
0.828
0.856

0.837
NA
NA
NA
NA

5. Results
In this section we discuss the implications of different degrees
of enforcement of various anti-reshufﬂing elements in the market,
as well as contrast these results to alternative hypothetical capand-trade designs. We begin with a discussion of the baseline
simulation. The impacts of the regulation are based upon changes
from this baseline, no-cap scenario to the counter-factual simulations with various forms of the regulation.
5.1. Baseline simulations

Fig. 1. Western regional network and cap-and-trade regions.

sample. Platts provides a unit average heat-rate for each of these
units. These heat-rates are multiplied by a regional average fuel
cost for each fuel and region, also taken from Platts. Marginal cost
of each plant p is therefore constant:
C p ðqip;t Þ ¼ cp qp;t :
Emission rates: Emission rates, measured as tons CO2/MW h, are
based upon the fuel-efﬁciency (heat-rate) of a plant and the CO2
intensity of the fuel burned by that plant. The average emission
rates of all facilities are summarized by region in Table 3.
4.4. Transmission network
Our regional markets are highly aggregated geographically. The
region we model is the electricity market contained within the U.S.
portion of the Western Electricity Coordinating Council (WECC).
The WECC is the organization responsible for coordinating the
planning investment, and general operating procedures of electricity networks in most states west of the Mississippi. The multiple sub-networks, or control areas, contained within this region
are aggregated into four “sub-regions.” Between (and within)
these regions are over 50 major transmission interfaces, or paths.
Due to both computational and data considerations, we have
aggregated this network into a simpliﬁed 5 region network
consisting primarily of the 4 major subregions.11 Fig. 1 illustrates
the areas covered by these regions. The states in white, plus
California, constitute the US participants in the WECC.
Given the aggregated level of the network, we model the
relative impedance of each set of major pathways as roughly
inverse to their voltage levels. The network connecting AZNM and
the NWPP to CA is higher voltage (500 kV) than the predominantly
345 kV network connecting the other regions. For our purposes,
we assume that these lower voltage paths yield 5/3 the impedance
of the direct paths to CA. Flow capacities over these interfaces are
11
The ﬁnal “node” in the network consists of the Intermountain power plant in
Utah. This plant is connected to southern California by a high-capacity DC line, and
is often considered to be electrically part of California. However under some
regulatory scenarios, it would not in fact be part of California for GHG purposes, it is
represented as a separate location that connects directly to California.

For the baseline year of 2007 we ﬁrst simulate production in
the WECC to establish a baseline level of production, emissions,
and emissions associated with imports into California. Fig. 2
summarizes energy production and the associated emissions from
the baseline run and from the actual CEMS data. The model
assumptions manage to recreate aggregate baseline emissions by
source reasonably accurately. Total WECC-wide emissions from the
baseline simulation are 345 mmtons compared to 341 tons in the
CEMS data. Baseline emissions in each region are within 7% of
baseline in each region.
For an evaluation of the ﬁrst-deliverer elements of the regulation, it is necessary to establish a baseline level not only of
emissions sources but of emissions based upon consumption. This
means simulating the pair-wise matching of speciﬁc destinations
to the production from each power plant. It is important to
recognize that this matching of sources to consumption does not
affect the overall power-ﬂow or any other constraint associated
with the physical production, which is simulated based upon an
assumption of social-welfare maximization. The matching just
serves to establish baseline estimates of the emissions associated
with consumption in different regions.
We begin by applying several restrictions from known contractual and ownership relationships to California power. We
focused on the relationships between California Load Serving
Entities (LSEs) and coal facilities located in other regions of the
WECC using information provided to us from E3 consulting. These
historic relationships are summarized in Table 4. The baseline
model requires that these production percentages be delivered
into California from each of these facilities. Otherwise, the model
ﬁnds the optimal dispatch and assigns destinations without any
additional constraints. In the case of a baseline simulation, absent
any costs associated with emissions, there are multiple solutions
to this matching of sources and destinations. Our simulation
produced emissions associated with California consumption of
around 108 mmtons, which is close to the values given in the 2007
GHG inventory calculations from CARB.
Table 5 summarizes the sources of power consumed in California under our baseline simulation. Note that beyond Table 4 we
do not have access to further detailed matching data so, unlike
with source emissions, we are unable to compare the baseline to
actual observations. The Four Corners facilities are included in the
baseline – as they were providing power into CA during 2007 – but
have since been divested and are therefore not included in the
restrictions to ﬁrst-deliverer sources described below. The amount
of electricity and emissions from coal generation that could be
potentially be re-shufﬂed from this baseline to meet the cap can be
approximated by taking the total MW h and CO2 emissions from
out-of-state coal facilities minus that of contracted quantities.
These are equal to 31.6 TW h and 37.8 mmtons, respectively.
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CO2 Emissions by Region and Regulation
Actual
Cal

Cal

IMM

IMM

NWPA

NWPA

RMPA

RMPA

SW

SW

0

50

Table 6
Summary of results with 15% reduction in CO2.

No Cap

100

150

Outcome

0

Coal
ST
Oil

50

100

150

CCGT
GT

Graphs by regulation

Region No
cap

Source
based
cap

First del.
First del.
428 default 1000
default

WECC
wide
cap

Permit price
Emissions (mmtons) Cal
NW
SW
RM
IM
Total

–
41.17
118.78
107.89
63.07
15.74
346.65

12.77
35.00
121.51
110.20
63.35
15.74
345.80

0.00
41.17
118.78
107.89
63.07
15.74
346.65

0.00
41.17
118.78
107.89
63.07
15.74
346.65

35.26
38.83
117.58
96.00
62.32
15.57
330.45

Elec. prices avg.
($/MW h)

61.63
68.32
54.93
60.16
59.32

66.28
75.57
56.55
63.8
61.77

61.63
68.32
54.93
60.16
59.32

61.63
68.32
54.93
60.16
59.32

80.05
88.74
71.35
78.49
63.30

Cal
NW
SW
RM
IM

Fig. 2. Actual emissions and simulation results.

Table 4
Energy (GW h) and emissions (mmtons) consumed in CA.
Plant

Units

Location

Fuel Type

CA share

Contract?

Boardman
Four Corners
Intermountain
Navajo Station
Reid Gardner
San Juan
San Juan
Bonaza
Hunter

1
4&5
1&2
1–3
4
3
4
1
2

OR
NM
UT
AZ
NV
NM
NM
UT
UT

Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal

23.5%
48.0%
78.9%
21.2%
67.8%
41.8%
38.7%
26 MW
26 MW

Yes
NA
No
Yes
Yes
No
No
Yes
Yes

Table 5
Energy (GW h) and emissions (mmtons) consumed in CA.
Source

Energy

Emissions

Coal
CCGT
Gas St.
Gas CT
Oil
Hydro/Nuke/other
Totals

53,210
73,414
20,922
473
2195
134,194
284,409

61.99
33.66
11.43
0.28
1.84
0
109.2

5.2. Cap-and-trade results
Having established baseline levels of imports into California, we
simulate several alternative implementations of a cap-and-trade
regime on the California market. The alternative scenarios include
the following:
 A source-based regulation applied only to California sources.
 A source-based regulation applied to California sources, with
ﬁrst-deliverer measures applied to imports into California.
One dimension in which the ﬁrst-deliverer policy may vary is
in the assumed emissions (default) of ‘generic’ power
imported through an exchange-based market or other transactions. We examined several alternatives for this default
rate, and report here the results for 428 tons/GW h, the
current practice, and for 1000 tons/GW h, roughly the emissions rate of an efﬁcient coal plant. In addition, we model
three alternative additional restrictions on the ﬁrst-deliverer
rules.

○ Historic imports from contracted and owned coal facilities
(except Four Corners) and non-CEMS sources must be
maintained at the same (baseline) level.
○ Same as above except imports from contracted coal facilities
are not required (but are from owned coal facilities).
○ Same as above plus imports of non-CEMS production from
the Northwest are allowed to increase by 10% and credited
with the Bonneville Power Authority average emissions rate
of only 80 tons/GW h.
We simulate both a 15% and a 25% reduction in California utility
power-sector emissions from 2007 baseline levels. In the case of a
source-based regulation, this means a reduction from California utility
sources from 41.17 mmtons to around 35 mmtons, or 30.9 mmtons,
respectively. In the case of the ﬁrst-deliverer scenarios, this implies a
reduction from 108 mmtons (including the 41.17 from California
sources) to a total of about 92 mmtons or 81 mmtons, respectively.
The results for a 15% reduction are summarized in Table 6.
The most obvious and signiﬁcant result is that none of the
California regulations has much of an impact on WECC total
emissions. The source-based California cap produces an allowance price of just under $13 a ton, but almost all of the
6 mmtons reduction in California is offset by increases in
emissions in the other WECC regions. This is the standard
leakage result. The ﬁrst-deliverer regulations avoid this leakage,
but compliance with the cap is possible through other mechanisms (discussed below) that require no change in production
from any sources, and therefore produce a zero carbon price.
The hypothetical WECC-wide cap, which by assumption would
suffer no leakage, produces a “true” reduction of 16 mmtons,
with a resulting allowance price of $35.26. Note that electricity
prices in our no cap run may not reﬂect the true wholesale
prices with accuracy. For example, northwestern prices in the
baseline run are higher, relative to other regions, than has
historically been reported. Therefore the interpretation of
wholesale electricity price impacts should focus on changes
relative to simulated baselines, rather than on these levels.
When the reductions are forced to a higher level of 25% of the
2007 baseline, more signiﬁcant changes emerge (see Table 7). The
ﬁrst-deliverer regulations now produce a non-zero allowance
price and some reductions in output. The most stringent version
of the ﬁrst-deliverer regulation, assuming a default emissions rate
of 1000 tons/kW h, produces the largest WECC-wide reductions,
but this is still a relatively modest savings of around 2 mmtons
from production stemming from a “reduction” of carbon associated with California consumption of around 27 mmtons. By
contrast, a WECC-wide cap with a goal of 27 mmtons reduction
would produce an allowance price of $40.51.

J. Bushnell et al. / Energy Policy 64 (2014) 313–323

321

Table 7
Summary of results with 25% reduction in CO2.
Outcome

Region No
cap

Permit price
Emissions
(mmtons)

Elec. prices
avg.
($/MW h)

TWh Consumed by Gen. Type

Source
First del. 428 First del.
WECC
based cap default
1000 default wide cap

Cal
NW
SW
RM
IM
Total

–
41.17
118.78
107.89
63.07
15.74
346.65

21.00
30.88
123.48
111.55
63.74
15.74
345.39

43.14
36.64
120.24
108.77
63.06
14.97
343.68

48.96
35.84
120.60
109.59
63.08
15.74
344.85

40.51
39.40
116.56
86.43
61.52
15.74
319.65

Cal
NW
SW
RM
IM

61.63
68.32
54.93
60.16
59.32

69.35
80.20
57.22
65.89
62.27

86.20
73.43
53.95
61.89
59.96

82.91
74.15
55.94
63.08
61.23

83.08
91.34
74.83
81.82
63.36

Cal

Default = .428
Default = 1.00
No Cap

NWPA

Default = .428
Default = 1.00
No Cap

RMPA

Default = .428
Default = 1.00
No Cap

SW

Default = .428
Default = 1.00
No Cap
0

100
Coal
ST
Oil

200

300

CCGT
GT
Hydro/Nuke/other

Fig. 4. Consumption of power with 25% reduction in CA cap.

TWh Consumed by Gen. Type
Cal

Default = .428
Default = 1.00
No Cap

NWPA

Default = .428
Default = 1.00
No Cap

RMPA

Default = .428
Default = 1.00
No Cap

SW

Default = .428
Default = 1.00
No Cap
0

100
Coal
ST
Oil

200

Table 8
“Excess” emissions (mmtons) due to default emissions factor.

300

CCGT
GT
Hydro/Nuke/other

Fig. 3. Consumption of power with 15% reduction in CA cap.

5.3. First-deliverer policy variants
It may at ﬁrst seem striking that the application of the cap to
imported power in California has such limited impact on regional
emissions. In order to decompose the changes behind these
results, we now turn to the matching of sources to consumption
that is fundamental to the ﬁrst-deliverer paradigm. Fig. 3 summarizes the location of the consumption of the power associated
with its production for the case of a 15% reduction in California
consumption-based emissions. Under the assumption that
default emissions are 428 tons/GW h, a substantial amount of
the baseline coal energy (all that is not under contract) is
imported as default energy, which is treated as if its emissions
were quite a bit lower than their true values. When instead the
default is increased to 1000 tons/GW h, it is no longer economic
to import coal (or anything else) and claims the default rate.
Imports are instead identiﬁed from speciﬁc sources, but those
sources shift from coal in the baseline to combined cycle gas
sources in the capped case.
The regulations have more impact when a 25% reduction is
assumed for the power sector, as Fig. 4 illustrates. Because the cap
is binding, there is some reduction of generation from the dirtiest
sources within California. The largest effects are still from imports
being claimed under the default (see 428 default) and from
reshufﬂing of sources when the default is set to 1000.

Regulation

428

1000

Baseline
No contracts
10% BPA imports

5.64
7.84
21.19

.19
.37
1.04

These results illustrate the nature of the problem of regulating
consumption from external sources. There are two mechanisms for
circumventing the spirit of this regulation. First ﬁrms can “launder” their imports by claiming the default rate for non-contracted
sources. The extent to which this is possible depends upon how
ﬁrmly other restrictions are enforced. The results above assume
relatively strict enforcement of anti-reshufﬂing rules. Namely, it is
assumed that ﬁrms cannot claim default values for imports from
coal sources owned by or under contract to serve LSEs in
California, and that no additional imports from non-CEMS sources
are possible. As we relax the assumptions about these restrictions,
the amount of power that can be claimed under the default
increases. Table 8 illustrates this phenomenon for the case of a
25% reduction of the California cap. This table summarizes the
total amount of apparent emissions savings from sources “consumed” in California but originating from external sources that can
take advantage of the default rate (e.g., non-contracted sources).
Under strict enforcement of existing contracts, emissions from
imports are roughly 6 mmtons higher than they appear on paper
due to lower default emissions rates. As the amount of external
power eligible for the default rate increases, so do the savings from
doing so. When all contracted coal plants are “abandoned” as
sources – and are assumed to instead sell generic power – the
savings from a 428 tons/GW h default rises to just under
8 mmtons.
Claiming power under a relatively clean “default” rate is only
one mechanism through which compliance can yield little true
emission reductions. In general, even a modest relaxation of either
the coal or existing hydro contract provisions has a strong
inﬂuence on the impact of the cap. Under a default of 1 ton/
MW h, as the requirement to import from contracted coal plants is
relaxed, permit prices under the 25% reduction case drop from
$48/ton to under $21/ton. As Fig. 5 illustrates, this is due to the
reduction in coal imports into California. When imports from nonCEMS (e.g., hydro) resources are allowed to increase from the
baseline by up to 10%, the price drops to zero. As seen in Fig. 5, the
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TWh Consumed by Gen. Type
Cal

1.00, BPA imports
1.00, no contracts
Default = 1.00
No Cap

NWPA

1.00, BPA imports
1.00, no contracts
Default = 1.00
No Cap

RMPA

1.00, BPA imports
1.00, no contracts
Default = 1.00
No Cap

SW

1.00, BPA imports
1.00, no contracts
Default = 1.00
No Cap
0

100
Coal
ST
Oil

200

300

CCGT
GT
Hydro/Nuke/other

Fig. 5. Enforcement of anti-shufﬂing provisions.

amount of non-CEMS energy consumed in California increases
under this scenario, and the amount of non-CEMS energy consumed in the Northwest decreases. Imports of combined cycle gas,
with emissions around 0.45 tons/MW h, are being exchanged for
imports rated at 0.08 tons/MW h, the BPA default rate. This
increase in BPA sourced imports, combined with a reduction of
coal imports relative to the base case, allows for compliance with a
consumption based cap in California without altering the physical
dispatch of resources in the WECC as a whole.

6. Conclusion
In this paper we analyze the impact of various forms of
restrictions on greenhouse gases related to California's electricity
consumption. We formulate a baseline electricity market based
upon 2007 operations in the Western Electricity Coordinating
Council (WECC) region. We then simulate the impacts of placing
a limit (or cap) on the GHG emissions from plants either located
inside California or producing power that, at least nominally, is
serving California consumers.
From an environmental standpoint, the results are not encouraging. Our previous work and research performed by others had
indicated a strong vulnerability to leakage under a conventional
source-based regulatory system. The simulations here are consistent with those ﬁndings. Capping California sources not only
reduces emissions within the state, but also leads to increased
imports and therefore emissions from outside California. It was a
fear of such an outcome that motivated the ﬁrst-deliverer design.
The rules associated with such an approach are necessarily
complex and a wide variety of options exist. We study several of
the most likely variants of the ﬁrst-deliverer system and ﬁnd that,
at least for reduction goals of 15–25%, they are unlikely to be more
effective than a source-based system.
There is widespread opportunity for two mechanisms to
undermine the effectiveness of a ﬁrst-deliverer approach. The ﬁrst
mechanism allows ﬁrms to import power as “generic” power that
is assigned a default emissions rate. The level of this default rate
will determine the incentive to claim power as generic or as
originating from a speciﬁc source. When the default rate is set, as
is currently the case, at the relatively low level of 0.428 tons/
MW h, there is a strong incentive for importers to claim any power
dirtier than that default as generic. There is large scope for this
activity, enough to easily comply with a goal of 15% emissions
reductions without actually changing either the sources or destinations of power. The only change is the relabeling of imported

power to unspeciﬁed, and the concurrent reduction in emissions
associated with that relabeling. With a more aggressive reduction
target of 25% simply relabeling existing imports is insufﬁcient to
meet the cap goals, and further adjustments to production become
necessary.
When the default level is instead set at a more conservative
1 ton/MW h (roughly that of an efﬁcient coal plant), the incentive
to claim imports as generic is largely eliminated. There is little
advantage to relabel imports. This does create an incentive for
ﬁrms to exploit a second mechanism, however, reshufﬂing. The
full extent of reshufﬂing will also depend upon several “soft”
factors, including any impact of enforcement of CARB's prohibition
included in the cap-and-trade reporting requirements, as
described above. Other soft factors that might reduce reshufﬂing
include the reluctance of non-California utilities to be seen as
increasing their carbon footprint by taking on power abandoned
by California buyers.
Because the effectiveness of the prohibition is somewhat uncertain, we consider several scenarios meant to represent varying
degrees of prohibition. One scenario would prevent ﬁrms from
claiming imports from existing hydro or renewable resources.12
Another scenario would require that ﬁrms currently with ownership
or contract stakes in operating coal facilities to continue to be
responsible for their proportional share of the emissions from those
facilities, whether they nominally buy power from those plants or not.
This amounts to a requirement to continue buying power from plants
under contract or owned by a California LSE.
When the prohibition is applied as envisioned, and reshufﬂing is
fully eliminated, the ﬁrst-deliverer rules do result in some relatively
modest real reductions in WECC-wide emissions. For example,
under an assumed 1 ton/MW h default emissions rate and a cap
that requires California electric sector emissions to be reduced by
25%, emissions allowance prices reach $48/ton. Reductions from the
WECC overall are about 3 mmtons, however, only about 10% of the
nominal 27 mmtons reduction required by the cap.
While we do not explicitly model other sectors regulated under
cap-and-trade, we believe that our analysis underscores a potential implication of embedding the ﬁrst deliverer approach within a
broader cap-and-trade program. As described in Borenstein et al.
(2013), the ability to cheaply achieve a larger than average share of
emissions reductions from the electric sector, via costless or very
low cost strategies (such as reshufﬂing), could depress the allowance price and reduce the amount of emission reductions achieved
from other regulated sectors, where more costly and environmentally additional abatement may be feasible.
While we have tried to capture the most plausible outcomes
from the prohibition on reshufﬂing, this language is deliberately
not speciﬁc, and it remains to be seen what particular actions will
constitute resource reshufﬂing under such rules. As such, we
believe that it is important to represent the incentives to reshufﬂe,
and to consider the scenario in which resources are reshufﬂed, if
for no other reason than to weigh the economic pressures that
such restrictions will be pushing against.

12
Another scenario, which we do not consider, in part due to the short run
nature of our analysis, but which may bear importantly on the ability of ﬁrms to
reshufﬂe, is the treatment of new renewables brought online in compliance with
the various state Renewable Portfolio Standards (RPS). For example, the California
33% RPS attempts to mitigate the potential for the RPS to instigate reshufﬂing
somewhat, by requiring that the majority of newly installed capacity directly
connects to the California grid. However, we do not tend to believe that this
requirement will have the desired effect. To the extent that newly constructed
renewables that do (and do not) directly serve California demand will free up
formerly demanded coal production that may now be consumed elsewhere (rather
than reduce output).
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