
GHG Reductions (MMtCO 2e)

Net
Present
Value

(Million $)

Cost-
Effective

-ness 1

($/tCO2e)

Permit
Price 2

($/tCO2e)

Level of
Support

Option
No. Policy Option

2015 2020 2025
Total

(2008Ð
2025)

2020 2020

WCI+MN
Base Case
(All Sectors)

$49.13 Ð$6.88 $8.45

WCI+MN
Upper-bound
(All Sectors)

$45.59 $3.36 $19.26

WCI+MN
(Power Sector)

$13.11 $0.08 $6.87

Midwest
(All Sectors)

$42.88 Ð$8.80 $4.20

C&T-1
(Multi-
State
C&T)

Midwest+WCI
(All Sectors)

$45.98 Ð$7.85 $6.28

C&T-2 MN-Only C&T

C&T-3 National C&T NO

C&T-4 Carbon Tax

1 This represents the average cost per tCO2e mitigated/sequestered for Minnesota.
2 This represents the marginal cost of the last tCO2e mitigated/sequestered, and applies to all states involved in a
trading arrangement.

NOTE: Results thus far are only preliminary. All simulations undertaken so far are
preliminary and are intended to illustrate the workings of the model. Currently, we have very
limited data on mitigation/sequestration options for Midwestern States. Preliminary results given
here may change significantly when better data is available.
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C&T-1 Regional Cap-and-Trade Program

Policy Description

Cap and trade programs efficiently limit emissions by first placing a Ôcap,Õ or limit, on the total
number of pollutant tons that will be permitted to be released from regulated, or Ôcovered,Õ
sources within a specified geographic area and interval of time. The cap is enforced by the
issuance of permits, or Ôallowances,Õ which must be surrendered by each covered source in an
amount equal to its emissions. By setting the total number of allowances equal to the overall
Ôcap,Õ total emissions are limited. Moreover, the number of allowances issued over time can be
decreased, thereby further reducing total emissions. Since the government regulates only the total
emissions, the means by which the reductions are achieved is left to the individual covered
sources. Sources would individually identify their least-cost options, but creating a market gives
these allowances a financial value, which encourages the covered sources to collectively
implement the least-cost measures at different levels of mitigation to achieve the capped
emissions reductions. Through trading, participants with lower costs of compliance can choose to
over-comply and sell their additional reductions to participants for whom compliance costs are
higher. In this fashion, overall costs of compliance are lower than they would otherwise be.

The Cap and Trade TWG recommends the analysis of three potential cap-and-trade programs.
This Policy Option Description considers a regional, or multi-state approach. C&T-2 and C&T-3
will consider Minnesota-only and a national program. The regional cap and trade approach with
the following features is being considered under C&T-1.

Policy Design

Emission Reduction Goals: The law requires the MCCAG to Òrecommend the parameters of a
cap-and-trade system that includes a cap that would prevent significant increases in greenhouse
gas emissions above current levels with a schedule for lowering the cap periodically to achieve
the goals in subdivision 1 and interim goals recommended under paragraph (a).Ó Minn. Stat.
216H.02, subd. 5(b). Accordingly, the cap-and-trade should set an initial cap at 2007 emission
levels, with gradual annual reductions to achieve the statutory goals of at least 15% below 2005
levels by 2015, 30% below 2005 levels by 2025, and 80% below 2005 levels by 2050. (The cap
may need to be adjusted from these levels to compensate for emissions from non-covered sectors
if projections show those sectors are likely to fall short of or exceed the target reductions.)

Timing: The cap-and-trade should be implemented as soon as possible, to prevent significant
increases above current emissions in the meantime and to maximize the time available to meet
the 2015 target. In the event that good historical emissions data are available from some but not
all covered sectors, a phased approach can be used. This is the approach followed by both EU
ETS and RGGI. In both examples traditionally regulated stationary sources with good emissions
data are included in the first phase of the program, which also includes mandatory reporting from
sources planned to be covered in future phases. This allows a relatively quick program start and a
ramp-up of the administrative, governance and financial functions of the program. It also
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achieves greater emissions reductions progress over time by capping a limited number of large
sources early.

The Cap and Trade TWG will examine the feasibility of requiring initial covered sectors to meet
2007 emission levels beginning in 2010. This would allow two years for emitters and regulators
to prepare for the program, and still allow five years under the program to achieve reductions
toward the 2015 goal.

Other States: Consistent with Subd. 5(b) of Minnesota Statute 216H.02, the MCCAG must
investigate the feasibility of a Minnesota-only program, a multi-state program, or a Minnesota
program as a requirement of federal law applying to all states. The Cap and Trade TWG is also
examining the advisability of Minnesota joining either the Western Climate Initiative (WCI) or
the Regional Greenhouse Gas Initiative (RGGI). Whether one-state or Midwest regional, the
program should be designed to maximize market trading with the Regional Greenhouse Gas
Initiative (RGGI) and the Western Climate Initiative (WCI). Modeling runs will examine the
following: Minnesota-only; a new Midwest regional program including MN, IA, WI, MI, IL and
possibly others; Minnesota as a Partner in the WCI, and Minnesota as a Member in RGGI. The
effect on Minnesota of a likely U.S. national program will also be examined. This Policy Option
(C&T-1) examines the various regional or multi-state configurations.

Sectors Covered: According to the Draft Minnesota GHG Inventory and Reference Case
Projection (CCS, July 2007), electricity consumption accounted for 31 percent of MinnesotaÕs
total GHG emissions in 2000. But transportation (25 percent) and residential and commercial
fuel use and industrial fuel use and processes (24.5 percent) account for nearly half of the total.
A cap and trade program that limited and reduced emissions from all of these sectors would
arguably be able to achieve substantial reductions. The cap-and-trade should therefore cover the
electric sector, major industrial emitters, the transportation sector, and the buildings sector.

Pollutants Covered: Most attention in other cap and trade programs has been focused on carbon
dioxide, which represents 84 percent of all greenhouse gas emissions in the United States from
human sources. Of this all but two percent are released as a direct result of the combustion of
coal, petroleum and natural gas. Other gases, such as methane, tend to be sector-specific.
Landfills and agricultural operations release significant quantities of methane, which ton-for-ton
is 21 times as powerful a greenhouse gas as CO2 over a 100-year time span. Much work has been
done to standardize the greenhouse effect-forcing potential of the major gases so it is possible to
regulate more than one gas under the same cap and trade program. The program should cover all
six greenhouse gases listed in the statute (CO2, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulfur hexafluoride) from the covered sectors.

Implementation Mechanisms

Point of Regulation: The point of regulation is the entity responsible for acquiring and
surrendering allowances for emissions. In some sectors, such as major industrial emissions, this
is simply the entity operating the facility from which the emissions are released. But for other
sectors it is either impractical or undesirable to use this approach. The electrical power sector is a
good example. Emissions are released from fossil fuel generating units located within Minnesota,
but, of all the GHG emissions resulting from electricity used by Minnesotans in 2005, about
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thirty-eight percent was as a result of imported power generated out-of-state. A cap and trade
program that covered only in-state generation would not only miss substantial GHG sources, it
could place Minnesota generators at a competitive disadvantage, assuming the exporting state
was not a participant in the cap and trade. By setting the power sector point of regulation at the
Ôfirst sellerÕ of electricity into the Minnesota market, both in-state and imported emissions are
captured. In the power sector, the point of regulation should be Òfirst sellers,Ó to ensure
emissions associated with imported power are covered.

The transportation sector offers a similar challenge, in that a program requiring the surrender of
allowances from the end users of motor fuels would be unworkable. Transportation sector
emissions should therefore be regulated upstream, focusing on the entity that imports the
petroleum into the state.

Emissions associated with the buildings sector would primarily reflect natural gas consumption.
Natural gas should also be regulated upstream, again focusing on the entity that imports the
natural gas into the state.

Major industrial emissions should be regulated at the point of emissions, except to the extent
emissions are associated with natural gas and petroleum that has already been regulated
upstream. Emissions of certain high global-warming potential gases may also be regulated
upstream of their usage, at the distribution level, if more practical.

Distribution of Allowances: There are two basic models: 1) free distribution to covered sources
on some basis such as historical emissions (grandfathering); or 2) auction at the market price,
requiring covered sources to purchase the allowances. It should be pointed out that these options
are not mutually exclusive, and a blend of both auction and free distribution is possible. The Cap
and Trade TWG is modeling considers using both methods. If allowances are auctioned, with
proceeds collected by the state, these funds could be used to: a) finance energy efficiency
programs, b) promote development of sustainable low-carbon energy sources, c) assist low-
income energy consumers, and d) help any workers harmed by the transition away from high-
carbon technologies.

Offsets: Offsets are out-of-sector emissions reductions or carbon sequestration projects that are
recognized by the program as qualifying for allowance credit. By definition offsets must be
measures that are not required by the program and in most cases they cannot be required by any
emissions reduction program. They provide an incentive for low-cost investments in emissions
reductions as an alternative to higher-cost in-sector reductions or allowance purchases. Offsets
should be subject to stringent standards to ensure their environmental integrity, and limited to
ensure that the overwhelming majority of emission reductions come from covered sectors.

Related Policies/Programs in Place

None.
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Type(s) of GHG Reductions

All 6 statutory GHGs (CO2, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride)

Estimated GHG Reductions and Net Costs or Cost Savings

TBD Ð Results thus far are only preliminary. All simulations undertaken so far are preliminary
and are intended to illustrate the workings of the model. Currently, we have very limited data on
mitigation/sequestration options for Midwestern States. Preliminary results given below may
change significantly when better data is available.

The preliminary Cap and Trade simulations yield the following results:

1. For all simulations based on Òbest availableÓ mitigation/sequestration cost data, the total
cost of achieving the carbon emission caps is negative for each state. This means that
compliance with the caps will result in overall cost savings. This result is due to the
existence of an extensive range of cost-saving options such as improvements in energy
efficiency. A simulation that uses a set of Òupper-boundÓ cost estimates, which include
only half as many cost-saving options as the base case, indicate positive costs of
compliance. Note that the factors that have the greatest influence on all simulations are
the absolute levels and the relative levels of the marginal mitigation/sequestration cost
curves. The former has the greatest influence on the potential for cost savings, while the
latter has the greatest influence on the variation across states, including whether each is a
permit buyer or seller.

2. In all the simulations, Minnesota is better off joining a Cap and Trade program with other
states than trying to reach its carbon cap on its own. The cost savings of compliance vary
across policy instrument designs (scenarios). For the scenarios that cover all economic
sectors, the gains from trading in percentage terms are highest for the Midwestern States
configuration.

3. The scenarios that cover only the power sector indicate an even greater cost savings rate
compared with corresponding economy-wide trading with the same geographic
configuration. One possible explanation is that economies of scale in mitigation of carbon
in the electric power are greater than found in other sectors.

4. Minnesota is a permit buyer in the simulations of all the three geographic configurations:
1) Five Western States plus Minnesota; 2) Five Midwestern States; 3) Midwestern States
plus Western States. The biggest buyer in the Western States plus Minnesota scenario is
California. The biggest buyer in the Midwestern States only scenario is Illinois. Illinois is
also the biggest buyer in the simulation that includes both Western and Midwestern
States.

5. Emission trading within the five Midwestern States result in a lower permit price than a
trading among the five Western States. This result indicates that the Midwestern States
have overall lower mitigation/sequestration costs than the WCI. As a permit buyer,
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Minnesota would be worse off joining the WCI trading market because it has to buy
permits at a higher price.

Data Sources:

Marginal cost curves of Minnesota, Arizona and New Mexico are developed based on mitigation
costs of individual policy options presented in CCS reports of the respective State Climate
Change Action Plans. Emission data comes from CCS inventory and forecast studies of
respective states and from EIA Annual Energy Outlook 2007.

Quantification Methods:

In this study, a non-linear programming model of emission allowance trading is used. This model
is based on the well established principles of the ability of unrestricted permit trading to achieve
a cost-effective allocation of resources in the presence of externalities.1 The model requires
equalization of marginal cost of all trading participants with the equilibrium permit price. This
ensures minimization of total net compliance costs for each state and minimization of total
abatement costs for the cap and trade program as a whole.2

Key Assumptions:

¥ All emissions considered are consumption-based and are gross emissions (excluding sinks).

¥ Marginal cost curves developed in this study embody direct mitigation costs only. They do not
include various transactions costs, and they do not distinguish between producer vs. consumer
allocation of permits.

¥ The economic modeling conducted in this study helps to analyze the potential GHG
reductions and associated cost for Minnesota under several scenarios of different geographic
configurations and different coverage of sectors. The purpose of this study is to illustrate the
economic impacts of a cap and trade program to Minnesota. It does not intend to define the
details of a prospective cap and trade regulatory program, but rather stands ready to model any
design configuration proposed by TWG.

¥ There are a number of additional assumptions upon which these preliminary results are based.
A full discussion of all the assumptions is underway within the TWG, and will continue as the
model and data are refined.

                                                  
1 See, e.g., Tietenberg, T.: 1985, Emissions Trading: An Exercise in Reforming Pollution Policy, Washington, DC, Resources for
the Future.
2 See, e.g., Stevens, B. and Rose, A. 2002. ÒA dynamic analysis of the marketable permits approach to global warming policy: A
comparison of spatial and temporal flexibility,Ó Journal of Environmental Economics & Management 44(1), 45Ð69; Rose, A., T.
Peterson and Z. Zhang. 2006. ÒRegional Carbon Dioxide Permit Trading in the United States: Coalition Choices for
Pennsylvania,Ó Penn State Environmental Law Review 14(2), 203-29.
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Key Uncertainties

TBDÑ[as needed and approved by the TWGs]

Additional Benefits and Costs

TBDÑ[as needed and approved by the TWGs]

Feasibility Issues

TBDÑ[as needed and approved by the TWGs]

Status of Group Approval

PendingÑ[until MCCAG moves to final agreement at meeting #5 or #6]

Level of Group Support

TBDÑ[blank until MCCAG meeting #5]

Barriers to Consensus

TBD
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C&T-2 Minnesota-Only Cap-and-Trade Program

Policy Description

Cap and trade programs efficiently limit emissions by first placing a ÔcapÕ or limit on the total
number of pollutant tons that will be permitted to be released from regulated, or Ôcovered,Õ
sources within a specified geographic area and interval of time. The cap is enforced by the
issuance of permits, or Ôallowances,Õ which must be surrendered by each covered source in an
amount equal to its emissions. By setting the total number of allowances equal to the overall
Ôcap,Õ total emissions are limited. Moreover, the number of allowances issued over time can be
decreased, thereby further reducing total emissions. Since the government regulates only the total
emissions, the means by which the reductions are achieved is left to the individual covered
sources. Sources would individually identify their least-cost options, but creating a market gives
these allowances a financial value, which encourages the covered sources to collectively
implement the least-cost measures at different levels of mitigation to achieve the capped
emissions reductions. Through trading, participants with lower costs of compliance can choose to
over-comply and sell their additional reductions to participants for whom compliance costs are
higher. In this fashion, overall costs of compliance are lower than they would otherwise be.

The Cap and Trade TWG recommends the analysis of three potential cap-and-trade programs.
This Policy Option Description considers a Minnesota-only approach. C&T-1 and C&T-3 will
consider regional and national programs. The Minnesota-only cap and trade approach with the
following features is being considered under C&T-2.

Policy Design

Emission Reduction Goals: The law requires the MCCAG to Òrecommend the parameters of a
cap-and-trade system that includes a cap that would prevent significant increases in greenhouse
gas emissions above current levels with a schedule for lowering the cap periodically to achieve
the goals in subdivision 1 and interim goals recommended under paragraph (a).Ó Minn. Stat.
216H.02, subd. 5(b). Accordingly, the cap-and-trade should set an initial cap at 2007 emission
levels, with gradual annual reductions to achieve the statutory goals of at least 15% below 2005
levels by 2015, 30% below 2005 levels by 2025, and 80% below 2005 levels by 2050. (The cap
may need to be adjusted from these levels to compensate for emissions from non-covered sectors
if projections show those sectors are likely to fall short of or exceed the target reductions.)

Timing: The cap-and-trade should be implemented as soon as possible, to prevent significant
increases above current emissions in the meantime and to maximize the time available to meet
the 2015 target. In the event that good historical emissions data are available from some but not
all covered sectors, a phased approach can be used. This is the approach followed by both EU
ETS and RGGI. In both examples traditionally regulated stationary sources with good emissions
data are included in the first phase of the program, which also includes mandatory reporting from
sources planned to be covered in future phases. This allows a relatively quick program start and a
ramp-up of the administrative, governance and financial functions of the program. It also
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achieves greater emissions reductions progress over time by capping a limited number of large
sources early.

The Cap and Trade TWG will examine the feasibility of requiring initial covered sectors to meet
2007 emission levels beginning in 2010. This would allow two years for emitters and regulators
to prepare for the program, and still allow five years under the program to achieve reductions
toward the 2015 goal.

Other States: Consistent with Subd. 5(b) of Minnesota Statute 216H.02, the MCCAG must
investigate the feasibility of a Minnesota-only program, a multi-state program, or a Minnesota
program as a requirement of federal law applying to all states. The Cap and Trade TWG is also
examining the advisability of Minnesota joining either the Western Climate Initiative (WCI) or
the Regional Greenhouse Gas Initiative (RGGI). Whether one-state or Midwest regional, the
program should be designed to maximize market trading with the Regional Greenhouse Gas
Initiative (RGGI) and the Western Climate Initiative (WCI). Modeling runs will examine the
following: Minnesota-only; a new Midwest regional program including MN, IA, WI, MI, IL and
possibly others; Minnesota as a Partner in the WCI, and Minnesota as a Member in RGGI. The
effect on Minnesota of a likely U.S. national program will also be examined. This Policy Option
(C&T-2) examines the Minnesota-only configurations.

Sectors Covered: According to the Draft Minnesota GHG Inventory and Reference Case
Projection (CCS, July 2007), electricity consumption accounted for 31 percent of MinnesotaÕs
total GHG emissions in 2000. But transportation (25 percent) and residential and commercial
fuel use and industrial fuel use and processes (24.5 percent) account for nearly half of the total.
A cap and trade program that limited and reduced emissions from all of these sectors would
arguably be able to achieve substantial reductions. The cap-and-trade should therefore cover the
electric sector, major industrial emitters, the transportation sector, and the buildings sector.

Pollutants Covered: Most attention in other cap and trade programs has been focused on carbon
dioxide, which represents 84 percent of all greenhouse gas emissions in the United States from
human sources. Of this all but two percent are released as a direct result of the combustion of
coal?, petroleum and natural gas. Other gases, such as methane, tend to be sector-specific.
Landfills and agricultural operations release significant quantities of methane, which ton-for-ton
is 21 times as powerful a greenhouse gas as CO2 over a 100-year time span. Much work has been
done to standardize the greenhouse effect-forcing potential of the major gases so it is possible to
regulate more than one gas under the same cap and trade program. The program should cover all
six greenhouse gases listed in the statute (CO2, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulfur hexafluoride) from the covered sectors.

Implementation Mechanisms

Point of Regulation: The point of regulation is the entity responsible for acquiring and
surrendering allowances for emissions. In some sectors, such as major industrial emissions, this
is simply the entity operating the facility from which the emissions are released. But for other
sectors it is either impractical or undesirable to use this approach. The electrical power sector is a
good example. Emissions are released from fossil fuel generating units located within Minnesota,
but, of all the GHG emissions resulting from electricity used by Minnesotans in 2005, about
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thirty-eight percent was as a result of imported power generated out-of-state. A cap and trade
program that covered only in-state generation would not only miss substantial GHG sources, it
could place Minnesota generators at a competitive disadvantage, assuming the exporting state
was not a participant in the cap and trade. By setting the power sector point of regulation at the
Ôfirst sellerÕ of electricity into the Minnesota market, both in-state and imported emissions are
captured. In the power sector, the point of regulation should be Òfirst sellers,Ó to ensure
emissions associated with imported power are covered.

The transportation sector offers a similar challenge, in that a program requiring the surrender of
allowances from the end users of motor fuels would be unworkable. Transportation sector
emissions should therefore be regulated upstream, focusing on the entity that imports the
petroleum into the state.

Emissions associated with the buildings sector would primarily reflect natural gas consumption.
Natural gas should also be regulated upstream, again focusing on the entity that imports the
natural gas into the state.

Major industrial emissions should be regulated at the point of emissions, except to the extent
emissions are associated with natural gas and petroleum that has already been regulated
upstream. Emissions of certain high global-warming potential gases may also be regulated
upstream of their usage, at the distribution level, if more practical.

Distribution of Allowances: There are two basic models: 1) free distribution to covered sources
on some basis such as historical emissions (grandfathering); or, 2) auction at the market price,
requiring covered sources to purchase the allowances. It should be pointed out that these options
are not mutually exclusive, and a blend of both auction and free distribution is possible. The Cap
and Trade TWG is modeling considers using both methods. If allowances are auctioned, with
proceeds collected by the state, these funds could be used to: a) finance energy efficiency
programs, b) promote development of sustainable low-carbon energy sources, c) assist low-
income energy consumers, and d) help any workers harmed by the transition away from high-
carbon technologies.

Offsets: Offsets are out-of-sector emissions reductions or carbon sequestration projects that are
recognized by the program as qualifying for allowance credit. By definition offsets must be
measures that are not required by the program and in most cases they cannot be required by any
emissions reduction program. They provide an incentive for low-cost investments in emissions
reductions as an alternative to higher-cost in-sector reductions or allowance purchases. Offsets
should be subject to stringent standards to ensure their environmental integrity, and limited to
ensure that the overwhelming majority of emission reductions come from covered sectors.

Related Policies/Programs in Place

None.
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Type(s) of GHG Reductions

All 6 statutory GHGs (CO2, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride)

Estimated GHG Reductions and Net Costs or Cost Savings

TBDÑ[as needed and approved by the TWGs]

Data Sources:

TBDÑ[as needed and approved by the TWGs]

Quantification Methods:

In this study, a non-linear programming model of emission allowance trading is used. This model
is based on the well established principles of the ability of unrestricted permit trading to achieve
a cost-effective allocation of resources in the presence of externalities.3 The model requires
equalization of marginal cost of all trading participants with the equilibrium permit price. This
ensures minimization of total net compliance costs for each state and minimization of total
abatement costs for the cap and trade program as a whole.4

Key Assumptions:

TBDÑ[as needed and approved by the TWGs]

Key Uncertainties

TBDÑ[as needed and approved by the TWGs]

Additional Benefits and Costs

TBDÑ[as needed and approved by the TWGs]

Feasibility Issues

TBDÑ[as needed and approved by the TWGs]

Status of Group Approval

PendingÑ[until MCCAG moves to final agreement at meeting #5 or #6]

Level of Group Support

TBDÑ[blank until MCCAG meeting #5]

                                                  
3 See, e.g., Tietenberg, T.: 1985, Emissions Trading: An Exercise in Reforming Pollution Policy, Washington, DC, Resources for
the Future.
4 See, e.g., Stevens, B. and Rose, A. 2002. ÒA dynamic analysis of the marketable permits approach to global warming policy: A
comparison of spatial and temporal flexibility,Ó Journal of Environmental Economics & Management 44(1), 45Ð69; Rose, A., T.
Peterson and Z. Zhang. 2006. ÒRegional Carbon Dioxide Permit Trading in the United States: Coalition Choices for
Pennsylvania,Ó Penn State Environmental Law Review 14(2), 203-29.



MN C&T Pending Policy Option Descriptions, 11/08/07

Minnesota Climate Change Advisory Group 12 Center for Climate Strategies
www.mnclimatechange.us www.climatestrategies.us

Barriers to Consensus

TBD
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C&T-3 Federal Cap-and-Trade Program

Policy Description

Cap and trade programs efficiently limit emissions by first placing a ÔcapÕ or limit on the total
number of pollutant tons that will be permitted to be released from regulated, or Ôcovered,Õ
sources within a specified geographic area and interval of time. The cap is enforced by the
issuance of permits, or Ôallowances,Õ which must be surrendered by each covered source in an
amount equal to its emissions. By setting the total number of allowances equal to the overall
Ôcap,Õ total emissions are limited. Moreover, the number of allowances issued over time can be
decreased, thereby further reducing total emissions. Since the government regulates only the total
emissions, the means by which the reductions are achieved is left to the individual covered
sources. Sources would individually identify their least-cost options, but creating a market gives
these allowances a financial value, which encourages the covered sources to collectively
implement the least-cost measures at different levels of mitigation to achieve the capped
emissions reductions. Through trading, participants with lower costs of compliance can choose to
over-comply and sell their additional reductions to participants for whom compliance costs are
higher. In this fashion, overall costs of compliance are lower than they would otherwise be.

The Cap and Trade TWG recommends the analysis of three potential cap-and-trade programs.
This Policy Option Description considers a federal approach and examines the implications of
such a program for Minnesota. C&T-1 and C&T-2 will consider regional and Minnesota-only
programs.

Policy Design

TBD Ð A review of multiple federal legislative proposals is underway.

Implementation Mechanisms

TBD Ð A review of multiple federal legislative proposals is underway.

Related Policies/Programs in Place

None.

Type(s) of GHG Reductions

TBD Ð A review of multiple federal legislative proposals is underway.

Estimated GHG Reductions and Net Costs or Cost Savings

TBDÑ[as needed and approved by the TWGs]

Data Sources:

TBDÑ[as needed and approved by the TWGs]
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Quantification Methods:

TBDÑ[as needed and approved by the TWGs]

Key Assumptions:

TBDÑ[as needed and approved by the TWGs]

Key Uncertainties

TBDÑ[as needed and approved by the TWGs]

Additional Benefits and Costs

TBDÑ[as needed and approved by the TWGs]

Feasibility Issues

TBDÑ[as needed and approved by the TWGs]

Status of Group Approval

PendingÑ[until MCCAG moves to final agreement at meeting #5 or #6]

Level of Group Support

TBDÑ[blank until MCCAG meeting #5]

Barriers to Consensus

TBD
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C&T-4 Carbon Tax

Policy Description

A carbon tax sets a fee, or tax, for the release of carbon to the atmosphere. It does not set a limit,
reduce or otherwise control the tons of carbon released. The tax raises the cost of carbon-based
emissions and therefore encourages investment in low-carbon or no-carbon alternatives. It also
generates revenue for the government which could be directed toward energy efficiency, the
development and use of renewable energy, climate change adaptation investments and other
measures to mitigate or address the impacts of climate change.

Policy Design

TBDÑ[as needed and approved by the TWGs]

Implementation Mechanisms

TBDÑ[as needed and approved by the TWGs]

Related Policies/Programs in Place

None

Type(s) of GHG Reductions

TBDÑ[as needed and approved by the TWGs]

Estimated GHG Reductions and Net Costs or Cost Savings

TBDÑ[as needed and approved by the TWGs]

Data Sources:

TBDÑ[as needed and approved by the TWGs]

Quantification Methods:

TBDÑ[as needed and approved by the TWGs]

Key Assumptions:

TBDÑ[as needed and approved by the TWGs]

Key Uncertainties

TBDÑ[as needed and approved by the TWGs]
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Additional Benefits and Costs

TBDÑ[as needed and approved by the TWGs]

Feasibility Issues

TBDÑ[as needed and approved by the TWGs]

Status of Group Approval

PendingÑ[until MCCAG moves to final agreement at meeting #5 or #6]

Level of Group Support

TBDÑ[blank until MCCAG meeting #5]

Barriers to Consensus

TBD
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Appendix. Simulations of Cap and Trade among WCI and Midwestern States

I. Model Assumptions and Outputs

1. The assumptions we adopted in our simulation model are summarized as follows:

Case IW: (A) five western states only; (B) five western states plus MinnesotaÑall
 emitters

¥ the simulation target year is 2020
¥ all sectors are included in the emission accounting and mitigation effort
¥ all GHG emissions are considered
¥ all gross emissions (excluding sinks) are considered
¥ all emissions are consumption-based
¥ offsets are not included
¥ no safety valve (permit price limit) is included
¥ in permit auction cases, we assumed that each state would receive permits equal to

their cap. The price per permit was set at the equilibrium permit price.
¥ marginal cost curves embody direct mitigation costs only
¥ marginal cost curves do not include various transactions costs
¥ marginal cost curves do not distinguish between producer vs. consumer allocation of

permits
¥ marginal cost curves of Arizona and New Mexico are developed based on mitigation

costs of individual policy options presented in CCS reports of the respective State
Climate Change Action Plans

¥ marginal cost curves of California, Oregon, Washington, and Minnesota are developed
by a parametric shift method using New MexicoÕs marginal cost curve as a reference;
the parametric shift rule assumes a direct relationship between the slope of the
marginal cost and the carbon intensity of a state.

¥ emission caps for the five western states are 15% below 2005 levels by year 2020
¥ though Minnesota has state GHG mitigation goals to reach 15% below the 2005

emission level by 2015, 30% by 2025, and 80% by 2050, we assume a same emission
cap for Minnesota in 2020 as the five western states in the simulations

Case IIW: (A) five western states only; (B) five western states plus MinnesotaÑupper-
 bound costs for all emitters

¥ same assumptions as for Case I, except:
¥ assumes half the cost-saving mitigation level for each state, i.e., the marginal cost

curves are shifted upward so that the zero marginal cost level occurs at half the
emission reduction level of Case I; this represents the worst-case condition, or upper-
bound cost estimate, for each state to join the cap and trade mechanism

Case IWP: (A) Five Western StatesÑelectric power sector only; (B) five western states
plus Minnesota
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¥ same assumptions as for Case IW, except:
¥ emission caps are for power sector only, i.e., only power sector is committed to reduce

2020 baseline emission to 15% below the 2005 level.
¥ power sector marginal cost curves of Arizona and New Mexico are developed based

on policy options directly designed for electricity sector; marginal cost curves for
other states are developed using New MexicoÕs curve as a reference.

Case III: Midwestern StatesÑall emitters

¥ same assumptions as for Case IW, except:
¥ emission projections in 2020 for Iowa, Illinois, Michigan, and Wisconsin are

calculated based on EIA regional projected emission growth rates. Iowa belongs to
West North Central Region. Illinois, Michigan, and Wisconsin belong to East North
Central Region.

¥ marginal cost curves of Iowa, Illinois, Michigan, and Wisconsin are developed by a
parametric shift method based on MinnesotaÕs marginal cost curve.

2. The model yields the following general results:

¥ GHG emission reductions for each state before and after permit trading
¥ Cost of GHG emission reductions for each state before and after trading

 ¥ Auction value of permits (some cases)
¥ Number of permits traded (bought and sold) by each state
¥ Equilibrium permit price
¥ Cost savings for each state of joining the Cap and Trade mechanism
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II. Simulation Results

TABLE IWA. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG FIVE WESTERN
STATES IN YEAR 2020 Ñ BASE CASE MITIGATION COST

(Assume Auction of Permits)

 (million dollars or otherwise specified)

Auction 

Costb
Auction 

Costb

AZ -1,455.44 1,271.84 -1,678.81 102.08 -1,576.73 1,271.84 121.28 12.81 60.11 37.5
CA -449.17 4,798.48 -289.06 -190.5 -479.6 4,798.48 30.43 -23.91 200.16 33.15
NM -280.41 732.5 -498.02 72.2 -425.83 732.5 145.42 9.06 20.66 22.41
OR -138.38 717.54 -182.6 31.96 -150.63 717.54 12.25 4.01 23.45 25.97
WA -72.37 813.68 -57.96 -15.7 -73.66 813.68 1.29 -1.97 33.22 32.44

Total -2,395.77 8,334.04 -2,706.45 0 -2,706.45 8,334.04 310.68 25.88c 337.6 32.18

Emission 
Reduction

Mitigation 
Cost

Mitigation 
Cost

Trading 
Cost Net Cost

(million 
tCO2e)

(million 
tCO2e)

(percent 
from 

baseline)

Before Trading After Tradinga

State

Emission 
Reduction

Cost 
Saving

Permits 
Traded

a Permit Price = $7.97/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For CA, for example, it is -
$1.44/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 33.15% below the baseline level in 2020 for CA. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b There should be a separate market for permit auction. Here, we assume the auction price equals the equilibrium
price of permit in the permit trading market. We also assume that the amount of permits each state obtained from
auction at the initial stage equals the emission cap of this state.
c Represents number of permits bought or sold.
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TABLE IWB. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG FIVE WESTERN
STATES AND MINNESOTA IN YEAR 2020 Ñ BASE CASE MITIGATION COST

(Assume Auction of Permits)

(million dollars or otherwise specified)

Auction 

Costb
Auction 

Costb

AZ -1,455.44 1,348.37 -1,676.03 105.36 -1,570.66 1,348.37 115.22 12.47 60.45 37.71
CA -449.17 5,087.19 -253 -239.1 -492.12 5,087.19 42.95 -28.3 204.55 33.88
NM -280.41 776.57 -496.86 75.35 -421.52 776.57 141.11 8.92 20.8 22.56
OR -138.38 760.71 -179.97 31.18 -148.79 760.71 10.41 3.69 23.77 26.32
WA -72.37 862.63 -52.14 -22.64 -74.78 862.63 2.41 -2.68 33.93 33.14
MN -275.65 1548.45 -337.83 49.88 -287.95 1548.45 12.3 5.9 49.13 26.73

Total -2,671.42 10,383.92 -2,995.82 0 -2,995.82 10,383.92 324.4 30.98c 392.63 31.85

State
Before Trading After Tradinga

Mitigation 
Cost

Mitigation 
Cost

Trading 
Cost Net Cost

Cost 
Saving

Permits 
Traded

Emission 
Reduction

Emission 
Reduction

(million 
tCO2e)

(million 
tCO2e)

(percent 
from 

baseline)

a Permit Price = $8.45/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For MN, for example, it is -
$6.88/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 26.73% below the baseline level in 2020 for MN. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b There should be a separate market for permit auction. Here, we assume the auction price equals the equilibrium
price of permit in the permit trading market. We also assume that the amount of permits each state obtained from
auction at the initial stage equals the emission cap of this state.
c Represents number of permits bought or sold.
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TABLE IIWA. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG FIVE WESTERN
STATES IN YEAR 2020 Ñ UPPER-BOUND MITIGATION COST

(million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost

Trading
Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
AZ 1,205.32  -340.56  602.61  262.04  943.28  32.92  40.00  24.96  
CA 513.92  1,252.55  -895.13  357.42  156.50  -48.90  225.15  37.29  
NM 638.88  -83.06  278.43  195.36  443.52  15.21  14.51  15.73  

OR 206.41  54.64  116.81  171.45  34.96  6.38  21.08  23.34  
WA 110.62  200.54  -102.71  97.83  12.79  -5.61  36.86  36.00  
                 

Total 2,675.16  1,084.11  0.00  1,084.11  1,591.05  54.51b  337.60  32.18  

a Permit Price = $18.31/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For CA, for example, it is
$5.56/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 37.29% below the baseline level in 2020 for CA. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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TABLE IIWB. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG FIVE WESTERN
STATES AND MINNESOTA IN YEAR 2020 Ñ UPPER-BOUND MITIGATION COST

 (million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost Trading Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
AZ 1,205.32  -328.85  621.94  293.10  912.23  32.29  40.63  25.34  
CA 513.92  1,381.28  -1,073.70  307.58  206.34  -55.75  232.00  38.42  
NM 638.88  -78.02  287.74  209.72  429.16  14.94  14.78  16.03  
OR 206.41  65.39  111.86  177.25  29.16  5.81  21.65  23.98  
WA 110.62  221.62  -129.68  91.95  18.67  -6.73  37.99  37.10  
MN 370.88  153.28  181.83  335.12  35.76  9.44  45.59  24.80
                 
Total 3,046.04  1,414.72  0.00  1,414.72  1,631.32  62.48b  392.63  31.85  

a Permit Price = $19.26/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For MN, for example, it is
$3.36/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 24.80% below the baseline level in 2020 for MN. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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DATA TABLE

State

Cap: 15% Below
2005 Emissions in

2020
(million tCO2e)

Baseline 2020 Gross
Emissions

(Consumption-based)
(million tCO2e)

GHG Mitigation
Goal in 2020

(relative to baseline
emissions)

Autarkic Marginal
Mitigation Cost

(dollars per tCO2e)

Gross State
Product in 2020
(million 2000

dollars)

AZ 87.38 160.3 45.49% 27.35 343,077

CA 427.55 603.8 29.19% 5.45 2,646,412

NM 62.45 92.2 32.23% 40.82 72,944

OR 62.84 90.3 30.41% 14.15 173,774

WA 71.12 102.4 30.52% 6.66 422,766

MN 128.78 183.8 29.94% 12.65 376,731

Total 840.12 1,232.7 4,035,704

State Marginal Cost Curves, 2020 
Case I -- Base Case Mitigation Cost
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Note: Marginal cost curves other than for AZ are developed based on NM curve. These marginal cost curves are
presented for a range of mitigation levels, including those much higher than required to meet the cap in year 2020.
We anticipate that there will be technology innovations in the future, i.e., the marginal cost curves will shift
downward over time before higher levels of mitigation are necessary.
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State Marginal Cost Curves, 2020
Case II -- Upper-bound Mitigation Cost
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Note: Marginal cost curves other than for AZ are developed based on NM curve. These marginal cost curves are
presented for a range of mitigation levels, including those much higher than required to meet the cap in year 2020.
We anticipate that there will be technology innovations in the future, i.e., the marginal cost curves will shift
downward over time before higher levels of mitigation are necessary.
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TABLE IWAP. POWER SECTOR EMISSION TRADING SIMULATION AMONG
FIVE WESTERN STATES IN YEAR 2020

(million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost

Trading
Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
AZ -56.01  -414.66  81.41  -333.24  277.23  15.07  24.08  33.35  
CA 13.02  83.65  -97.68  -14.02  27.05  -18.08  49.98  38.12  
NM 89.71  -8.79  31.66  22.86  66.85  5.86  4.40  15.41  
OR -4.26  0.69  -6.69  -5.99  1.73  -1.24  4.93  20.04  
WA 1.32  7.81  -8.71  -0.90  2.22  -1.61  4.93  35.13  
                 

Total 43.79  -331.30  0.00  -331.30  375.08  20.93b  88.32  32.65  

a Permit Price = $5.40/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For CA, for example, it is
$1.67/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 38.12% below the baseline level in 2020 for CA. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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TABLE IWBP. POWER SECTOR EMISSION TRADING SIMULATION AMONG
FIVE WESTERN STATES AND MINNESOTA IN YEAR 2020

(million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost

Trading
Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
AZ -56.01  -410.53  98.95  -311.58  255.57  14.40  24.75  34.28  
CA 13.02  131.93  -178.43  -46.50  59.53  -25.96  57.87  44.14  
NM 89.71  -6.28  37.46  31.18  58.53  5.45  4.81  16.84  
OR -4.26  4.54  -12.82  -8.28  4.02  -1.87  5.56  22.59  
WA 1.32  12.57  -16.42  -3.85  5.17  -2.39  5.71  40.67  
MN 136.77  1.04  71.26  72.31  64.46  10.37  13.11  19.74
                 
Total 180.55  -266.72  0.00  -266.72  447.28  30.22b  111.79  33.19  

a Permit Price = $6.87/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For MN, for example, it is
$0.08/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 19.74% below the baseline level in 2020 for MN. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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DATA TABLE
(for Power Sector)

State

Cap: 15% Below
2005 Emissions in

2020
(million tCO2e)

Baseline 2020 Gross
Emissions

(Consumption-based)
(million tCO2e)

GHG Mitigation
Goal in 2020

(relative to baseline
emissions)

Autarkic Marginal
Mitigation Cost

(dollars per tCO2e)

Gross Product in
2020

(million 2000
dollars)

AZ 33.05 72.20 54.22% 44.65  6,219

CA 99.21 131.11 24.33% 2.51 43,086

NM 18.28 28.54 35.94% 29.33 1,568

OR 20.90 24.59 15.01% 2.63 2,564
WA 10.71 14.03 23.64% 2.72 4,030
MN 42.93 66.40 35.35% 19.77 5,267

Total 225.08 336.87 62,734

State Power Sector Marginal Cost Curves, 2020
(limited options) 
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Note: Marginal cost curves other than for AZ are developed based on NM curve. These marginal cost curves are
presented for a range of mitigation levels, including those much higher than required to meet the cap in year 2020.
We anticipate that there will be technology innovations in the future, i.e., the marginal cost curves will shift
downward over time before higher levels of mitigation are necessary.
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Including more options for power sector

Arizona Emission Reduction Potentials and Cost/Cost-savings for Each Policy Option
— Power Sector Only

Climate Mitigation Actions
Estimated 2020 Annual 

GHG Reduction Potential 
(MMtCO2e)

Estimated Cost or Cost 
Savings per ton GHG 

Removed

Estimated 2020 Annual 
GHG Reduction Potential 

Attributable to Power 
Sector (MMtCO2e)

GHG Reduction 
Potential as 

Percentage of 
2020 Baseline 

Emissions

Cumulative 
GHG 

Reduction 
Potential

**Appliance Standards 1 -$66.00 0.7 0.93% 0.93%
Electricity Pricing Strategies 1.5 -$63.00 1.5 2.08% 3.01%
***Demand-Side Efficiency Goals, Funds, Incentives, and Programs 15.1 -$36.00 7.6 10.46% 13.46%
*Distributed Generation Renewable Energy Appliactions 2.1 -$25.00 2.1 2.91% 16.37%
*Distributed Generation Combined Heat and Power 2.7 -$25.00 2.7 3.74% 20.11%
Reduce Barriers to Renewables and Clean Distributed Generation 2.7 -$25.00 2.7 3.74% 23.85%
*Improve Forest Ecosystem Management - Residential Lands 0.5 -$21.00 0.5 0.69% 24.54%
*Improve Forest Ecosystem Management - Other Lands 0.2 -$21.00 0.2 0.28% 24.82%
**Building Standards/Codes for Smart Growth 3.1 -$17.00 2.1 2.88% 27.70%

**ÒBeyond CodeÓ Building Design Incentives and Programs for Smart Growth 3.1 -$17.00 2.1 2.88% 30.57%
Use Biomass Feedstocks for Electricity or Steam Production 0.1 -$8.00 0.1 0.14% 30.71%
Integrated Resource Planning 5.4 -$2.00 5.4 7.48% 38.19%
Environmental Portfolio Standard/Renewable Energy Standard and Tariff 16.4 $6.00 16.4 22.71% 60.91%
Decrease the Conversion of Forestland to Developed Uses 0.3 $17.00 0.3 0.42% 61.32%
Direct Renewable Energy Support (including Tax Credits and Incentives, 
R&D, and siting/zoning) 2.1 $31.00 2.1 2.91% 64.23%
Increase Reforestation and Restoration of Forestland 0.1 $44.00 0.1 0.14% 64.37%
**Carbon Intensity Targets 14 $44.00 9.4 12.99% 77.36%
Reduce Conversion of Farm and Rangelands to Developed Uses 0.2 $65.00 0.2 0.28% 77.64%

Notes:
1. Green overlaid options are proposed for electricity supply sector; yellow overlaid options are for residential,
commercial, and industrial sector; pink overlaid options are for agriculture and forestry sector.
2. For green options, 100% emission reductions are credited to power sector.
3. For pink options (carbon sequestration), 100% emission reductions are credited to power sector.
4. For yellow options, the ones start with a Ò*Ó, have 100% emission reductions attributed to power sector; for the
ones start with Ò**Ó, the options apply to emission reductions with respect to both natural gas and electricity
consumption reductions. We assume 67% emission reductions are credited to power sector; for the ones start with
Ò***Ó, the options apply to emission reductions with respect to natural gas, fuel oil, and electricity consumption
reductions. We assume 50% emission reductions are credited to power sector.
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New Mexico Emission Reduction Potentials and Cost/Cost-savings for Each Policy Option
— Power Sector Only

Climate Mitigation Actions
Estimated 2020 Annual 

GHG Reduction Potential 
(MMtCO2e)

Estimated Cost or Cost 
Savings per ton GHG 

Removed

Estimated 2020 Annual 
GHG Reduction Potential 

(MMtCO2e)

GHG Reduction 
Potential as 

Percentage of 
2020 Baseline 

Emissions

Cumulative 
GHG 

Reduction 
Potential

Improve Forest Ecosystem Management - Residential Lands 0.2 -$46.00 0.2 0.70% 0.70%
**State Appliance Standards 0.3 -$46.00 0.2 0.70% 1.41%
*Rate Design (Including Time of Use Rates, Increasing Block Rates, and 
Seasonal Use Rates) 0.3 -$40.00 0.3 1.05% 2.46%
*Regional Market Transformation Alliance 0.5 -$27.00 0.5 1.75% 4.21%
***Government Agency Requirements and Goals (including procurement) -- 
Focus on operations 0.2 -$20.00 0.1 0.35% 4.56%
*Demand Side Management (DSM) Programs, Energy Efficiency 
Funds,and/or Energy Efficiency Requirements for Electricity 1 -$18.00

1.0
3.50% 8.06%

Improve Forest Ecosystem Management - Other Lands 0.5 -$15.00 0.5 1.75% 9.81%
**Improved Building Codes 2.4 -$12.00 1.6 5.63% 15.45%
***Building Energy Performance Promotion and Incentives for Energy 
Performance Enhancements (Attaining ÒReach CodesÓ) in Non-Government 
Buildings (Including Existing Buildings) 1.3 -$2.00 0.7 2.28% 17.73%
***Building Energy Performance Requirements for State-funded and Other 
Government Buildings (ÒReach CodesÓ) 0.04 $1.00 0.0 0.07% 17.80%
Incentives and Promotion for Renewable Energy and Clean Combined Heat 
and Power 0.9 $4.00

0.9
3.15% 20.95%

Mandate(s) for Renewable Energy (RPS, etc.): 10% in 2011, 1% increase/year 
to 2021 2.6 $6.00

2.6
9.11% 30.06%

Convert Agricultural Land to Grassland or Forest to Increase Carbon 
Sequestration

0.4 $7.00 0.4
1.40% 31.46%

*Green Power Purchasing 0.1 $7.00 0.1 0.35% 31.81%
RPS with Financial Incentives for Centralized Renewables: 10% in 2011, 2% 
increase/year to 2021 4.2 $8.00

4.2
14.72% 46.53%

Conservation Tillage/No Till 0.1 $15.00 0.1 0.35% 46.88%
Generation Performance Standard 3.8 $21.00 3.8 13.31% 60.19%
Decrease the Conversion of Forestland to Developed Uses 0.1 $22.00 0.1 0.35% 60.54%
Advanced Coal/Fossil Technologies (e.g., IGCC with carbon capture) 4.3 $29.00 4.3 15.07% 75.61%
Financial Incentives for Distributed Renewables 0.4 $105.00 0.4 1.40% 77.01%

Notes:
1. Green overlaid options are proposed for electricity supply sector; yellow overlaid options are for residential,
commercial, and industrial sector; pink overlaid options are for agriculture and forestry sector.
2. For green options, 100% emission reductions are credited to power sector.
3. For pink options (carbon sequestration), 100% emission reductions are credited to power sector.
4. For yellow options, the ones start with a Ò*Ó, have 100% emission reductions attributed to power sector; for the
ones start with Ò**Ó, the options apply to emission reductions with respect to both natural gas and electricity
consumption reductions. We assume 67% emission reductions are credited to power sector; for the ones start with
Ò***Ó, the options apply to emission reductions with respect to natural gas, fuel oil, and electricity consumption
reductions. We assume 50% emission reductions are credited to power sector.
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Stepwise and Fitted Marginal Cost Curve of NM (for power sector), 2020
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Stepwise and Fitted Marginal Cost Curve of AZ (for power sector), 2020
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State Power Sector Marginal Cost Curves, 2020
(more options) 
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Note: Marginal cost curves other than for AZ are developed based on NM curve. These marginal cost curves are
presented for a range of mitigation levels, including those much higher than required to meet the cap in year 2020.
We anticipate that there will be technology innovations in the future, i.e., the marginal cost curves will shift
downward over time before higher levels of mitigation are necessary.

The non-linear programming has no feasible solution for a positive permit price. The cost-
minimization solution would be a zero permit price. No permit trading will take place.

DATA TABLE
(for Power Sector)

State

2005 Gross Emissions
(Consumption-based)

(million tCO2e)

Cap: 15% Below
2005 Emissions in

2020
(million tCO2e)

Baseline 2020 Gross
Emissions

(Consumption-based)
(million tCO2e)

GHG Mitigation
Goal in 2020

(relative to baseline
emissions)

AZ 38.88 33.05 72.2 54.22%

CA 116.71 99.21 131.11 24.33%

NM 21.51 18.28 28.54 35.94%

OR 24.59 20.9 24.59 15.01%

WA 12.60 10.71 14.03 23.64%

MN 50.50 42.93 66.4 35.35%

Total 264.79  225.08  336.87  33.18%
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TABLE IM1. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG
FIVE MIDWESTERN STATES IN YEAR 2020

(million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost

Trading
Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
IA -460.94  -525.50  27.87  -497.63  36.69  6.63  29.40  21.74  
IL -512.19  -477.38  -50.85  -528.23  16.04  -12.10  92.92  25.10  
MI -615.76  -600.60  -19.47  -620.07  4.31  -4.63  69.59  23.39  
MN -275.65  -377.22  51.06  -326.17  50.52  12.15  42.88  23.33  
WI -387.08  -380.12  -8.60  -388.72  1.64  -2.05  38.87  23.04  
                 
Total -2,251.61  -2,360.82  0.00  -2,360.82  109.21  18.77b  273.67  23.68  

a Permit Price = $4.20/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For MN, for example, it is -
$8.80/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 23.33% below the baseline level in 2020 for MN. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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TABLE IMW1. ECONOMY-WIDE EMISSION TRADING SIMULATION AMONG
MIDWESTERN STATES AND WESTERN STATES IN YEAR 2020

(million dollars or otherwise specified)

Before
Trading After Tradinga

Permits
Traded

Emission
Reduction

Emission
Reduction

State

Mitigation
Cost

Mitigation
Cost

Trading
Cost Net Cost

Cost Saving

(million
tCO2e)

(million
tCO2e)

(percent
from

baseline)

         
AZ -1,455.44  -1,687.36  88.01  -1,599.35  143.91  14.01  58.91  36.75  
CA -449.17  -401.90  -50.65  -452.55  3.37  -8.06  184.31  30.53  
NM -280.41  -501.58  60.05  -441.53  161.12  9.56  20.16  21.86  
OR -138.38  -190.72  32.36  -158.36  19.98  5.15  22.31  24.71  
WA -72.37  -76.16  3.68  -72.48  0.11  0.59  30.67  29.95  
                
IA -460.94  -518.87  33.71  -485.17  24.23  5.36  30.67  22.67
IL -512.19  -429.24  -133.76  -563.00  50.81  -21.29  102.11  27.58
MI -615.76  -573.98  -61.02  -635.00  19.24  -9.71  74.67  25.09
MN -275.65  -361.02  56.88  -304.14  28.49  9.05  45.98  25.01
WI -387.08  -366.43  -29.26  -395.69  8.62  -4.66  41.48  24.59
                 
Total -4,647.38  -5,107.26  0.00  -5,107.26  459.88  43.72b  611.27  27.73  

a Permit Price = $6.28/tonCO2e. This is the price of the last permit sold, which is also equal to the price of the last
ton of CO2e mitigated (its marginal mitigation cost). It is the same for each state for a given case. The average
mitigation cost per unit of CO2 equivalent in this simulation differs for each state. For MN, for example, it is -
$7.85/tonCO2e. Please note that the average mitigation cost is related to mitigation level of a state, which for this
case is 25.01% below the baseline level in 2020 for MN. Multiplying the average mitigation cost by the number of
tons of CO2 mitigated will equal the total mitigation cost for each state.
b Represents number of permits bought or sold.
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DATA TABLE

State

Cap: 15% Below
2005 Emissions

in 2020
(million tCO2e)

Baseline 2020 Gross
Emissions

(Consumption-based)
(million tCO2e)

GHG Mitigation
Goal in 2020

(relative to baseline
emissions)

Autarkic Marginal
Mitigation Cost

(dollars per tCO2e)

Gross State
Product in 2020
(million 2000

dollars)

AZ 87.4 160.3 45.49% 27.35 343,077

CA 427.6 603.8 29.19% 5.45 2,646,412

NM 62.5 92.2 32.23% 40.82 72,944

OR 62.8 90.3 30.41% 14.15 173,774

WA 71.1 102.4 30.52% 6.66 422,766

IA 99.2 135.3 26.64% 15.39  150,136
IL 289.4 370.2 21.83% 1.57  1,152,878
MI 232.6 297.6 21.83% 2.35  619,495
MN 128.8 183.8 29.94% 12.65  376,731
WI 131.9 168.7 21.83% 2.60  316,708

Total 1,593.3 2,204.6 27.73% 6,274,921
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State Marginal Cost Curves, 2020
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Note: Marginal cost curves other than for AZ are developed based on NM curve. These marginal cost curves are
presented for a range of mitigation levels, including those much higher than required to meet the cap in year 2020.
We anticipate that there will be technology innovations in the future, i.e., the marginal cost curves will shift
downward over time before higher levels of mitigation are necessary.


