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FOREWORD

On August 3, 2015, the U.S. Environmental Protection Agency (EPA) finalized the Clean Power Plan—its
plan to regulate CO, pollution from the electricity sector by setting the first-ever national standards
limiting CO, emissions from electricity generation at power plants built before 2012. The Clean Power
Plan Final Rule mandates that the United States electric sector reduce CO, emissions by approximately
32 percent—based on 2005 levels—by 2030 and requires states to choose either a rate-based or mass-
based path toward compliance with that reduction goal.

The Clean Power Plan introduces new challenges and opportunities for coordination between state
regulators, utilities, and stakeholders. States must determine not only a best path to compliance from
amongst a myriad of options, but in some cases also demonstrate that their plans will be successful.
Effective planning and use of appropriate modeling tools can engage regulators, utilities, and
stakeholders in the process of finding a least-cost path that satisfies states’ energy needs. Compliance
modeling can also allow states to explore the costs and benefits of various policy constructs, understand
equity considerations, examine possible impacts of compliance on state and regional economies, and
plan for any significant changes to the electricity grid. While a number of national- and regional-scale
studies have been conducted examining possible impacts of the Clean Power Plan, Michigan is amongst
the first states to produce public, detailed compliance modeling.

The Michigan Public Service Commission (MPSC) and Michigan Department of Environmental Quality
(MDEQ) retained Synapse in August 2015 to help develop potential strategies for the state of Michigan
to meet CO; reduction targets as identified in the Clean Power Plan. Synapse began work on August 3,
2015, shortly after the finalization of the Clean Power Plan. Throughout the project, Synapse worked
with state agencies, including MPSC, MDEQ, and the Michigan Agency for Energy, to develop model
structures and compliance scenarios and to establish input assumptions. These state agencies worked
with stakeholders to vet reference case runs and determine compliance scenario requirements. Draft
compliance scenarios were reviewed by agencies and stakeholders before being finalized with input
from all parties.

The sole intent of this project is to inform state discussions on reasonable compliance plans. The
modeling conducted was not intended to produce Michigan’s final compliance plan for submission to
EPA or to produce a comprehensive state integrated resource plan.
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EXECUTIVE SUMMARY

This report was prepared to inform the state of Michigan’s compliance planning process for EPA’s
regulations limiting carbon dioxide (CO,) from existing generation sources under section 111(d) of the
Clean Air Act, also known as the Clean Power Plan.! Michigan Public Service Commission (MPSC),
Michigan Department of Environmental Quality (MDEQ), and Michigan Agency for Energy (MAE)
engaged Synapse Energy Economics to perform an economic impact analysis of the Clean Power Plan
using an industry-standard electricity sector model.

The Clean Power Plan offers multiple compliance pathways to states. These include specified mass-
based targets, measured in tons of CO,, or rate-based requirements for individual units or the state as a
whole, measured in pounds of CO; per unit of energy (megawatt-hour). Based on the assumption that
Michigan may join a trading region with neighboring states,? this study projected the energy system of
the region under a range of Clean Power Plan compliance paths, as well as a non-compliant “Reference
case.” This analysis evaluated the costs and benefits for Michigan of three mass-based compliance
pathways, and sensitivities related to these paths. The compliance pathways modeled for this analysis
were guided by a stakeholder process and included:

e Existing Only: a mass-based scenario, under which an emissions cap is applied to only
existing sources and no mechanisms are used to mitigate leakage of generation and
emissions to new sources;

e Model Rule: a mass-based compliance scenario, which adds EPA’s suggested leakage
mitigation strategies but does not restrict emissions from new sources; and

e Existing+New: a mass-based compliance scenario, which applies a mass-based cap to
both existing EGUs and EGUs that are built after the onset of the compliance
requirement in 2022.

The model used in this assessment, System Optimizer, seeks to find a least-cost buildout and dispatch
solution for the study region as a whole, building new resources if necessary and changing the utilization
of different fuels and resources to achieve emission constraints. While this study did not seek to find a
least-cost mechanism of achieving rate-based compliance in the region, it tracked the rate-based
compliance position of each scenario examined.

In each of the compliance scenarios, it was assumed that Michigan could freely trade mass-based
allowances with the other states in the study region. In this structure, states that reach compliance
more readily are able to sell those allowances to states for which compliance is more difficult. The

1 U.s. Environmental Protection Agency (EPA). 2015. Carbon Pollution Emission Guidelines for Existing Stationary Sources:
Electric Utility Generating Units. 80 FR 64661.

2 Including Illinois, Indiana, lowa, Minnesota, Ohio, and Wisconsin.
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model uses a total regional emissions constraint to drive the buildout, and tracks the scarcity price of
emissions—i.e. the price of the emissions if traded on an open market.

The modeling performed here indicated that different forms of mass-based compliance had a range of
impacts on Michigan’s generation mix, capacity buildout, and total emissions. Michigan’s neighboring
states also had substantial changes in fuel mix and buildout depending on the compliance pathway and
other sensitivities. Table ES-1, below, shows key results from this study.

Table ES-1. Summary of study results, Michigan

Mass-Based Compliance
Reference . Existing Model
Existing+New Only Rule
+Add'l  +High +Add'l  +High
Base +EE Coal Gas Base +EE Coal Gas Base Base
Ret. Prices Ret. Prices
Total Change: In-State
Capacity, 2016-2034 -0.6 -0.6 -1.5 -0.6 44 4.4 24 6.3 -0.6 -0.6
(GW)
CO: from in-state
generators, 2022-2034 790 750 720 880 600 580 570 570 630 640
(MT CO2)
CO2 from covered
sources, 2022-2034 (MT 510 500 480 490 480 490
C0O2)
Net present value
difference from
Reference Base, 201 6- - 670 960 (1,750) | 3,280 4,880 5,130 1,370 880 1,030
2034 (million 2014$)

The modeling first sought to establish a consensus Reference Case. In the no-Clean Power Plan
Reference case, the model replaces scheduled and anticipated coal retirements in Michigan with natural
gas, although not all of the capacity is replaced in kind. Overall, state CO, emissions in this case fall from
current levels at around 60 million tons to just over 50 million tons by the early 2020s due to low natural
gas prices and reduced dispatch from existing coal units. At that point, emissions are already below
EPA’s target for existing sources (see Figure ES-1, below). Through the end of the study period,
emissions from existing sources generally stay at or below EPA’s target, still due to low gas prices. New
gas generators in Michigan increase the total emissions of the state above EPA’s target, but overall
emissions do not grow substantially. In the Reference Case, even with emissions from new sources
included, Michigan’s emissions are below EPA’s target until 2025. By contrast, the region as a whole is
projected to exceed its collective emissions target by an increasing margin in every year from 2022
through 2034. The state’s relatively low emissions under the non-compliant Reference Case suggests
that compliance is readily achieved.

i Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan iv
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every case, Michigan remains a net exporter of energy (including Donald C. Cook Nuclear Plant, which
primarily serves generation out-of-state).

Emissions of CO, from in-state generators are sensitive to the compliance pathway and emissions prices.
In all cases examined here, emissions from the electric sector decline through the early 2020s, primarily
as a function of near-term low gas prices. In the high gas price sensitivity without the regulation,
emissions increase

substa ntiaIIy above 2015 Figure ES-2. Michigan generation mix over time — Existing+New Compliance Pathway
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covered by the cap. Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

The analysis here solves for the least-cost compliance in the study region; costs and benefits of each
scenario are extracted and assessed for Michigan generators and for the state as a whole. The financial
analysis accounts for all generator fuel costs, fixed and variable costs of operation (such as labor and
maintenance), capital costs for new units and expected environmental controls at existing fossil units,
sales and purchases of energy across state lines, emissions costs, and revenues from the sale of excess
allowances. The analysis suggests that, relative to the cohort of states analyzed here, Michigan may
realize economic benefits through a mass-based trading mechanism.
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Many of the benefits realized by the state are from the sale of excess allowances to other states. As
indicated in the final rule promulgated by EPA, the analysis assumes that Michigan is allocated a number
of allowances by EPA equal to the emissions allowed under the mass-based cap. The analysis is impartial
to the mechanism used to distribute these allowances to in-state entities (either freely, or via an
auction, or a combination thereof). The model finds that, due to the incremental cost of generating
under an emissions cap, Michigan generators will produce fewer emissions than are available to the
state. Under the modeled construct (which assumes open trading), either the state or Michigan’s
utilities would be able to sell those excess allowances out of state, realizing a relative benefit. If the
value of selling excess allowances exceeds the cost of compliance, then compliance with the rule can
actually be a net benefit, financially, to the state. This study indicates that mass-based compliance
generally results in such a benefit, with variations depending on fuel prices, accelerated efficiency
programs or coal retirements, and the compliance pathway.

The analysis finds that, overall, the Existing+New pathway results in the highest benefit (primarily
through higher allowance prices), and state-driven mechanisms to reduce emissions outside of the
regulation result in more readily achieved compliance—and hence benefits. The modeling finds that in
the compliance cases, the benefits are driven by a combination of factors, including fewer expenditures
on fuel and plant maintenance, lower energy import costs and higher export revenues, and the sale of
substantial allowances to other states. In addition, efforts undertaken by the state or utilities to increase
efficiency and retire non-economic coal-fired power plants both reduce the cost (or increase the
benefit) of compliance in the state. Under both the base case assumption and in the accelerated coal
unit retirement case, the existing plant balance (capital debt) is excluded from consideration as a sunk
cost. This implies that retiring generators are effectively provided full recovery of existing plant balance,
and that no incremental credit is given to consumers for the retirement of a non-used asset.

This report find that, under a range of scenarios, compliance with the Clean Power Plan will likely entail
a relatively low cost for Michigan, and that the state will benefit from a multi-state trading construct.
The results of this analysis are relatively robust over a series of sensitivities and are directionally
consistent. The analysis also indicates that EPA’s mechanism for preventing leakage to new sources
under the proposed Model Rule is not substantially more effective than if the mechanism was not in
place. Under the case wherein new sources are not covered, emissions from new sources remain
effectively unconstrained under EPA’s model rule.

There are significant caveats to this analysis, however, only some of which were explored in this effort.
First, higher gas prices make compliance less readily achievable by Michigan, and thus reduces the
benefit of compliance overall (although system costs rise regardless of compliance with higher gas
prices). The study did not assess what would happen if Michigan either joined a different trading region,
possibly with states that more readily reach compliance, or what would happen if Michigan’s neighbors
either chose not to engage in trading or adopted a different compliance mechanism. This analysis did
not examine if other states would likely retire existing coal units under a compliance regime. As a
capacity expansion model, this framework did not examine hour-to-hour operations of the system under
various compliance regimes.
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1. INTRODUCTION

1.1 Scope and Intent

The purpose of this report is to aid the state of Michigan in evaluating potential strategies for
compliance with the U.S. Environmental Protection Agency’s (EPA) Clean Power Plan. In September
2015, Michigan Public Service Commission (MPSC), Michigan Department of Environmental Quality
(MDEQ)), and Michigan Agency for Energy (MAE)—together the “Joint Agencies,” —engaged Synapse
Energy Economics (Synapse) to perform an economic impact analysis of the possible impacts of the
Clean Power Plan in Michigan using an industry-standard electricity-sector model. Compliance scenarios
were provided to Synapse by the Joint Agencies. In early 2016, Michigan invited key technical
stakeholders to participate by vetting key assumptions of the analysis and developing sensitivity cases.
Synapse worked with the state and state-selected stakeholders to identify an appropriate model
construct, assumptions about the future, and potential complementary policies or industry practices.

Because of the complexity of both the range of compliance options offered under the Final Rule and the
electric system itself, Michigan elected to use a detailed electric-sector planning model to understand
how the state and region may respond to different compliance pathways. The model was structured to
help illustrate possible outcomes, as well as costs and benefits to the state.

The modeling presented here is not meant to be comprehensive, nor does it offer a formal compliance
demonstration under the Clean Power Plan; instead it seeks to provide key insights into the potential
impacts of compliance pathways.

The Clean Power Plan Final Rule provides states with a range of compliance options, and the mix of
paths chosen by different states may have strong implications for how states interact with each other in
the energy system. This analysis reviews several options for how the state of Michigan can meet its
compliance requirements. The resulting report is meant to provide additional guidance to regulators,
policy-makers, and other stakeholders during the remainder of Michigan’s planning process to help
ensure economy-wide benefits for Michigan.

1.2 The Clean Power Plan

On August 3, 2015, EPA released the final version of its Clean Power Plan, a rule under Section 111(d) of

the Clean Air Act.3 Under the Clean Power Plan, the U.S. electric sector is expected to reduce carbon

3 At the time this report was published, the Clean Power Plan was under a stay from the United States Supreme Court. For the
purposes of this analysis and report, it was assumed that states would have to comply with the Clean Power Plan and that the
compliance timeline would be unchanged from that set forth in the Final Rule in August of 2015.

Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 1



dioxide (CO,) emissions from 2005 levels by about 32 percent nationwide by 2030. To do this, EPA
established emission performance standards for two electric generating unit (EGU) technology types:
existing fossil steam and existing stationary combustion turbines (CTs) (called “affected EGUs”).* EGUs
that commenced construction after January 8, 2014 are not affected EGUs under the Clean Power Plan,
but may be covered under some compliance pathways.

The Clean Power Plan provides several distinct compliance pathways for states, including what is
generally known as “rate-based” and “mass-based” compliance. Under rate-based compliance, either
individual affected EGUs or the fleet of state affected EGUs as a whole, must achieve specified CO,
emissions rates, measured in pounds of CO, per megawatt-hour (lbs/MWh). In a mass-based approach,
the fleet of EGUs in a state must emit at or under a specified CO, target, measured in short tons of CO..
In the mass-based approach, EPA has provided options for states to cover only existing (affected) EGUs,
or both existing and new EGUs. Within those mass-based compliance pathways, states can either choose
to engage in trading or provide evidence that other strategies (“measures”) employed by the state will
achieve the emissions targets provided by EPA.

The pathways available to states are illustrated in Figure 1, below.

Figure 1. Clean Power Plan compliance paths

Rate-based Compliance Mass-based Compliance
(Ibs/MWHh) (tons CO,)

Subcategorized CO, Emission

Rates CO, Mass Goal for Existing Units

A statewide emission cap is applied to existing fossil
units. States must demonstrate that there is no
“leakage” of generation to new fossil units

CO, Mass Goal for Existing Units
with New Unit Complement
A statewide emission cap is applied to all fossil units,

Two specific nationwide emission rate limits for coal
plants and NGCC plants

Model Rules

State CO, Emission Rates

Each power plants must meet the single state average
(derived using the nationwide emission rate limits and
the share of these resources in a given state)

existing or new.

State Measures: CO, Mass Goal

Different CO, Emission Rates e i Ui

The state allows some flexibility in individual power
plant’s emission rates, as long as the total rate
matches the one created by EPA

A statewide portfolio of strategies is used to meet
the EPA goal for emissions from existing units

State Measures: CO, Mass Goal

for Existing and New Units

A statewide portfolio of strategies is used to meet
the EPA goal for emissions from existing and new
units

Source: Synapse Energy Economics.

4 By definition, “fossil steam” primarily encompasses coal-fired boilers, while “stationary combustion turbines” generally

captures gas-fired combined-cycle units. Simple-cycle combustion turbines, commonly used as peaking units, are not covered
under the Clean Power Plan.

- Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 2



The subcategory rate-based approach (“R1” in the figure above) simply assigns each existing fossil steam
generator an emission performance rate equal to EPA’s subcategorized rate for fossil steam and each
existing natural gas combined-cycle (NGCC) generator an emission performance rate equal to EPA’s
NGCC rate. The state average compliance pathway (“R2”) requires every existing unit, regardless of
technology type, to meet the single statewide average emission standard. The last rate-based
compliance pathway (“R3”) allows states to assign unique emission rates to each existing unit as long as
the weighted average of these individual units is less than or equal to the statewide average standard
set by EPA. In designing the Clean Power Plan, EPA recognized that, as a practical matter, EGUs are not
able to substantially reduce their own emissions rates. This is because in the absence of carbon capture
technologies, CO;, emissions are a function of the carbon content of the fuel and the efficiency of the
power plant, neither of which can be altered dramatically. As such, to achieve rate-based compliance
under the Clean Power Plan, EPA allows EGUs to acquire “emissions rate credits” or ERCs. These are
credits produced by no- or low-emissions technologies, by energy efficiency, or by gas-fired power
plants that perform better than the statewide average emissions standard under the R2 pathway.

Under mass-based compliance, EPA provides an “allowance” for each ton of CO; that sources in a state
may emit, where the total tons are set in the final rule. States distribute the allowances to sources
(freely, through an auction, or another mechanism), and sources must submit allowances back to the
state or EPA equal to the number of tons they have emitted during a compliance period. The first two
mass-based compliance pathways (“M1” and “M2”) provide for the option for states to set up a trading
mechanism with other states. Under these mechanisms, allowances are tradable between both sources
and states, such that states who readily achieve compliance can trade excess allowances to states that
do not otherwise achieve compliance as easily. Under the M1 pathway, only existing EGUs are covered
by the state cap, wherein emissions from those sources must remain under the cap in each compliance
period. In the M2 pathway, both existing and new EGUs are covered by a slightly larger cap. Under both
pathways, EPA assigns each state a certain number of allowances which are distributed to EGUs through
a mechanism decided upon by the state. At the end of each compliance period, each EGU must submit
an allowance for each ton of CO, emitted. Under M1 and M2, EGUs can trade these allowances. It is up
to a state to determine how the distribution and trading of allowances proceeds. The Clean Power Plan
allows EGUs to hold or “bank” extra allowances for a future year, called “banking.” This provision allows
for extra flexibility if a state or EGU has an opportunity to make near-term reductions in excess of
requirements.

In designing the criteria for the M1 pathway, EPA recognized a potential for “leakage” to new sources, in
which new gas-fired power plants, not covered by the rule, could have an economic incentive to
increase output relative to comparable existing sources. In doing so, the existing source emissions
reduced by the rule could “leak” from the existing sources to the new sources, thereby attenuating the
effectiveness of the rule.® To address leakage, EPA added additional mitigation measures to the M1

> 80 FR 64887.
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pathway, including incentives provided to existing gas-fired EGUs and additional incentives to new
renewable energy projects. These two incentive programs are relatively unique to the Clean Power Plan.

The other two state measures programs (“M3” and “M4”) also cover either existing-only or existing and
new EGUs, but rely on states to implement emissions reduction programs other than interstate trading.
These might include efficiency or renewable energy programs designed to displace existing generators,
an intrastate trading program, or scheduled retirements, amongst other options. States choosing an M3
or M4 pathway may not be able to rely on other states to help meet their compliance obligations
through interstate trading.

Different states may find benefit in the rate-based or mass-based pathways, depending on their relative
compliance position, ability to reduce emissions cost effectively, or ability to build new clean energy
resources (including efficiency or energy waste reduction programs). For this study, Michigan Agencies
elected to model only the M1 and M2 pathways, representing trading-ready mass-based compliance
pathways. Under the M2 mass-based standard that covers both new and existing fossil fuel plants,
Michigan is allowed to emit approximately 49 million tons of CO; in 2030. This represents a 38 percent
reduction in Michigan’s electric-sector emissions, relative to 2005.

1.3 Challenges in Approaching the Clean Power Plan

New environmental rules in the electric sector can have substantia impacts on costs, operations, and
utility decisions. For many recently promulgated rules, the decision matrix for utilities has been
straightforward, and the state’s engagement in how a rule was applied was limited. The Clean Power
Plan is relatively unique in that it provides substantial flexibility to states in determining an
implementation pathway, and the ramifications of these pathways can be quite wide-ranging — both for
existing generators, new generators, and other stakeholders in the electricity system. Modeling can help
illustrate the different advantages or problems inherent in various pathways, and provide insights on
how various stakeholders may be impacted.

When combined with a rigorous input and scenario development process, modeling is one tool that can
help tease out the relative merits of different compliance pathways. For the last three decades, utility
system modeling has informed general system planning efforts and specific resource decisions. Utilities
and regulators have also modeled various types of emissions reduction programs, including unit
emissions limits, trading schemes, and emissions “displacement” through clean energy programs or
energy waste reduction measures.

However, the Clean Power Plan presents modelers and regulators with new challenges. Most industry-
scale electric-sector models do not include any treatment of rate-based compliance and the incremental
incentives under the M1 mass-based plan, and therefore do not provide straightforward mechanisms for
modeling these pathways. Instead, modeling these policies demands an innovative approach to the use
of optimization software. Further complicating matters, the Clean Power Plan creates the opportunity
for a patchwork of compliance measures between different interconnected states, with an extremely
large number of potential outcomes depending on specific state decisions. Rather than creating a
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uniform measure by which all EGUs or states are required to reduce emissions, the Clean Power Plan
provides a range of pathways, some of which may interact in unpredictable ways. For example, states
embarking on a rate-based plan may not trade ERCs with states taking a mass-based approach, and yet
states can and will continue to trade electricity on a regular basis. The choice of which states participate
in trading programs, which choose rate- or mass-based compliance, and which cover just their existing
sources or both new and existing sources makes for a very wide array of uncertainties for any given
state or utility. This uncertainty adds to the uncertainties surrounding other state and federal
regulations (such as renewable portfolio standards or other pollution regulations), long-term fuel prices,
demand, and financial constraints.

There is no single model or model construct that can currently be considered the best, or exclusive,
model structure to use for modeling the impacts of the Clean Power Plan. Given a variety of electric-
sector models available, analysts choose a structure suited to the nature of the question. Modelers
seeking to understand how different states may treat compliance pathways relative to each other may
opt for broad-scale, general models with the ability to rapidly test numerous compliance mosaics (e.g. a
matrix of rate and mass-based states).. On the other hand, analysts seeking to understand the impact on
a specific generator or fleet may opt to use highly detailed hourly models that make assumptions about
the compliance choices of other states. In Michigan’s case, the state opted to use a modeling platform
typical of long-range utility-scale planning, capable of representing individual generators and utility-scale
decisions. The considerations of the model are discussed in Section 2.4, and other regional Clean Power
Plan modeling efforts are described in Section 2.3.

Ultimately, it is important to keep in mind that modeling is a tool that can inform decision-making.
Modeling results are contingent on inputs and assumptions and are not a promise of future outcomes.
Moreover, states will be faced with a number of specific implementation decisions even after selecting
an overall compliance pathway. The results presented here are meant to aid regulators and stakeholders
in understanding the likely impacts of and relationships between different compliance pathways during
the remainder of its Clean Power Plan compliance planning process.

1.4 State and Regional Energy Landscape

In the present day, Michigan’s generation capacity is provided by coal (36 percent), natural gas (36
percent), and nuclear power (13 percent), with the remainder of its nameplate capacity in renewable
energy, pumped storage hydroelectric, and oil-fired generators.® In-state renewable energy was
dominated by hydropower and landfill gas-fired biomass units until 2013, when wind surpassed biomass
to become the state’s dominant form of renewable energy. Michigan currently has approximately 1.5

bus. Energy Information Administration (EIA). 2014. EIA Form 860, Table 3.1.
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GW of installed wind capacity, built primarily between 2010 and 2015. Over that period, Michigan was
the seventh most prolific builder of wind in the United States.”

In 2014, half of the energy Figure 2. Study area map showing Michigan (dark teal), states fully included in the
produced in Michigan was from study area (light teal), and states partially included in the study area (tan)

coal-fired generators, with the
rest coming mostly from
nuclear (29 percent) and gas
(12 percent).® Wind was the
fourth largest contributor at 4
percent of in-state generation.
Over the last decade, the state
has  fluctuated somewhat
between being an overall net
importer or exporter of
electricity to its neighboring

states.’

For the purposes of this

Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

analysis, Michigan was
modeled along with its immediate neighbors in the Great Lakes Region, as well as several additional
bordering states. This group includes Ohio, Indiana, lllinois, Wisconsin, Minnesota, and lowa.1° Figure 2
shows the group of seven states in the study region. The basis of the study region is discussed in Section
2.5.

As a group, Michigan and its neighbors include about 17 percent of the population of the United States
but almost 30 percent of its coal-fired capacity and, in 2014, more than a quarter of its wind capacity.!*

7 EIA. 2016. Existing Nameplate and Net Summer Capacity by Energy Source, Producer Type and State (EIA 860) 1990-2014.
8 ElA Form 923.

9 EIA Form 923 and EIA Form 861, total electric sector. Note, this generalization includes generation from the Donald Cook
nuclear station as a Michigan EGU. Unlike the rest of Michigan, the southwest corner of Michigan (where Donald Cook is
located) is connected to the PJM Interconnection, rather than the Midcontinent Independent System Operator (MISO); thus
Cook may primarily serve generation out of state. Without Cook, Michigan has been a slight net importer since the late 1990s.
For the purposes of this model, the study considers Cook a Michigan generator but dispatched by and connected to a cross-
border zone.

10 several states were partially included in the study area for modeling purposes (see Section 2.5).

11 EIA Form 860 (2014).
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1.5 Key Research Questions

This study is designed to determine the impact of various compliance pathways on the region generally
and on Michigan in particular, for the time period of 2016 to 2034. Several important guiding questions
frame the analysis of different compliance paths. The overall impact of different compliance paths can
be determined by interrogating:

e The mix of resources that are used to meet demand both before and after the onset of
compliance;

e Emissions over time from both affected and unaffected resources under different
compliance regimes;

e Michigan’s role within the study region and how this role shifts with different
compliance paths; and

e The total system cost of various scenarios.

The results sections below present a comprehensive view of each compliance path, organized to address
each of these key areas.

1.6 Summary of Findings

The reference case for this model was guided by input from the state and stakeholders. In both the
reference and compliance cases, the state sees a number of coal unit retirements based on assumptions
provided by the state. In addition, in all cases the state pursues, at minimum, modest energy efficiency
gains. Both of these programs (retirements and efficiency gains) result in reduced emissions, and
therefore position the state for ready compliance with mass-based emissions targets.

Under a mass-based compliance path, Michigan is expected to be a net exporter of emissions
allowances to other states, providing a net benefit to the state. Michigan’s electric sector is moving in a
direction to meet Clean Power Plan targets and the inputs used for this study assume a continuation of
this trend. Given today’s relatively low gas price forecasts, Michigan can be expected to be near
compliance even without a trading regime or cap. Because of Michigan’s relatively robust compliance
position, compliance modeling shows it is likely to have significant excess emissions credits under a
mass-based cap. These excess allowances are likely to have a market value in a multi-state trading
system, and their sale could provide incremental revenue to the state that may outweigh potential
compliance costs.

The scenarios modeled here show two general trends of emissions mitigation. In early years, and at low
allowance prices, the electricity sector reduces output from existing coal generators and ramps up
existing gas-fired generators (both covered and uncovered sources). As allowance prices increase in
response to lowered emissions targets, incremental renewable energy is brought online in Michigan and
other states. In many of the modeled scenarios, Michigan builds up to 5 GW of new wind before the end
of the analysis period.
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These findings are relatively robust from a directional standpoint: Michigan’s ability to shift readily to its
existing gas-fired fleet, reduce generation from its coal-fired fleet, and build incremental renewable
energy projects at higher allowance prices means that it sees a benefit from a trading regime at both
low and relatively high gas prices. Meanwhile, incremental efficiency programs and additional coal plant
retirements result in uniformly lower compliance costs.

The financial analysis performed in this study makes several important assumptions outside of the
electric system structure, and upon which the results are contingent.

e  First, this study assumes that all of Michigan operates under a vertical utility structure
(i.e. generation, transmission, and distribution are all regulated), and that both
allowance costs and allowance revenues flow back to Michiganders. In other words,
revenues from allowance sales are not simply kept by out-of-state utility shareholders,
but are instead returned to either ratepayers or taxpayers. Failing to use this
assumption might be considered imbalanced, as it would presume that ratepayers pay
compliance costs but shareholders keep compliance revenues.

e Second, by using a forward-looking model, this report implicitly assumes that stranded
asset costs from unit retirements are absorbed by Michigan ratepayers. While such
decisions are made by MPSC on a case-by-case basis, economic modeling typically
excludes consideration of sunk costs and they are excluded here as well. Reversing this
assumption would actually provide an additional benefit to ratepayers whenever a unit
is retired as remaining capital costs are credited back to ratepayers. In excluding
recovery of sunk costs as a credit to ratepayers, the study conservatively accounts for
any remaining value of these assets by ensuring that they are fully paid off.

The magnitude of the savings accrued to Michigan during the compliance period is a direct function of
Michigan’s compliance position and the cost of allowances. At higher allowance costs, Michigan’s net
compliance position renders greater allowance revenues and thus savings.

The allowance costs determined here are, in turn, a function of the states considered in the assessment
and the cost of mitigation. Because the initial least-cost and most rapidly implemented mitigation
measure was found to be a switch from dispatching coal-fired units to dispatching gas-fired units,
compliance costs are to some degree reliant on the cost of natural gas. At higher gas prices, the cost of
compliance is higher; but the cost of allowances is also greater, thus offsetting the higher compliance
cost.

The states with whom Michigan trades are also an important consideration. This analysis assumes
trading with other states in, roughly, the Great Lakes region. Many of these states are in a less attractive
compliance position than Michigan and thus have need of the excess allowances available to Michigan
under mass-based trading. If Michigan were to partner with less coal-intensive states, the allowance
price could be substantially lower, thus providing less benefit than indicated in this study. Under the
circumstance (not explicitly modeled here) that gas prices are higher than presently expected and that
Michigan’s trading partners have less need for allowances, compliance could foreseeably result in a
relatively low net cost to Michigan rather than a net benefit. Under such a hypothetical scenario, it is not
clear what route would be taken by Michigan’s neighboring states, as the provision of allowances from
well positioned states (like Michigan) are likely to provide a low cost compliance solution.
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2. PROCESS AND STUDY APPROACH

2.1 Process

The Michigan Clean Power Plan Impact Assessment was developed collaboratively between state
agencies, stakeholders, and Synapse, which was retained by the MPSC and MDEQ in August 2015.

In September 2015, Synapse held a daylong kickoff meeting with the Joint Agencies to review key
aspects of the still new Clean Power Plan, assess a variety of model structures available to analyze
different aspects of compliance planning, and share the outcome of screening-level assessments meant
to inform the planning process. Synapse developed draft input assumptions on the study region, price
forecasts, load requirements, and electricity system structures such as individual generator parameters
and transmission constraints.

In October 2015, the Joint Agencies approved the input assumptions, with various modifications, and
Synapse began modeling a reference case. The Joint Agencies invited key technical stakeholders to
review input assumptions, the model structure, and potential compliance scenarios. Stakeholders
reviewed the reference case results, and provided recommendations to improve the accuracy of the
reference case.

Synapse was provided compliance case definitions by the Joint Agencies in January 2016, and then
began full compliance case modeling. After modifications, the final reference case was approved by the
Joint Agencies and stakeholders in April 2016. The final compliance cases were reviewed by the state
and stakeholders in May 2016.

The following sections describe the modeling options and choices made for this compliance impact
assessment, as well as some of the key considerations, assumptions, and caveats.

2.2 Survey of Modeling Options

There are multiple approaches available for states to assess the tradeoffs of various compliance
pathways, and assessing the impacts of compliance on utilities, consumers, producers, and the state—or
states—in question. States may seek to use modeling studies both to inform planning and to develop an
approvable compliance plan. For pathways in which states either determine their own rate-based
standard (R3) or utilize a mass-based plan with a “state measures” approach (M3 and M4), EPA requires
a performance demonstration to verify that compliance is likely. EPA does not specify the exact form of
the demonstration, but provides a list of detailed model parameters that must be reported by the states
engaging in these pathways. Similarly, states that choose not to cover new sources under a mass
compliance cap (i.e. M1 and M3) must provide a demonstration that leakage to new sources will not
occur, either by using EPA’s presumptively approvable model rule or through an alternative
demonstration. Again, EPA does not specify the form of the demonstration that leakage has not
occurred. The modeling here is not meant to specifically provide an approvable performance
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demonstration or leakage demonstration under EPA’s rules and technical guidance, but is designed to
meet most, if not all, of EPA’s requirements should Michigan require such a demonstration.

Non-state entities may also have an interest in modeling Clean Power Plan compliance; they may wish to
explore the possible impacts of different compliance options, prepare for likely outcomes of compliance,
or advocate for specific compliance paths. A variety of analytical approaches are available, each relying
on a different modeling toolset.? These model types include: 13

Production Cost Models: Tools that determine the optimal output of the EGUs over a given
timeframe (one day, one week, one month, one year, etc.) for a given time resolution (sub-
hourly to hourly). These models generally include a high level of detail on the unit commitment
and economic dispatch of EGUs, as well as on their physical operating limitations. They are not,
however, designed to determine the optimal addition of new EGUs to meet future capacity
requirements or the retirement of non-economic EGUs.*

Utility-Scale Capacity Expansion and Dispatch Models: Tools that determine the optimal
generation capacity and/or transmission network expansion in order to meet an expected future
demand level and comply with a set of regional/state specifications (e.g., reliability
requirements, renewable portfolio standards, CO, emissions limits). These models operate at
the resolution of individual EGUs.%®

National-Scale Capacity Expansion and Dispatch Models: Tools that determine the optimal
generation capacity and/or transmission network expansion in order to meet an expected future
demand level at a national (or large regional) scale. As a result of the higher dimensionality,
these models typically exhibit a lower resolution than utility-scale models (e.g., demand
represented in “blocks” as opposed to using an hourly resolution; aggregation of similar EGUs
into model plants).

12 An overview of different modeling approaches and a discussion of the strengths and limitations of each can be found in the
report “A Guide to Clean Power Plan Modeling Tools: Analytical Approaches for State Plan CO, Performance Projections” by
Jeremy Fisher, Nidhi R. Santen, Patrick Luckow, Fernando de Sisternes, Todd Levin, and Audun Botterud (Argonne National
Laboratory and Synapse Energy Economics, 2016; available online at: http://www.synapse-
energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf).

13 Optimization models are prescriptive—i.e. they seek a specific goal (called an “objective function”)—while abiding by a set of
constraints that represent the limitations of the system (e.g. capacity requirements, generation needs, fuel availability,
transmission limitations, and emission limits). The usual objective function in these models is least cost, or maximum
benefit.

14 Optimal outputs in production cost models typically refer to least-cost operation, inclusive of reliability and other security
constraints.

15 Optimal outputs in capacity expansion models typically refer to “minimum total system cost,” total system cost can either be
total generation costs or the sum of total generation and transmission expansion costs, depending on the “decision”
variables the model represents.
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Multi-Sector Models: Tools that explore the interaction between different sectors of the energy
system, as well as macroeconomic factors, using either a general equilibrium or partial
equilibrium approach.'® These models typically include transportation, industry, commercial,
and residential sectors, in addition to electricity production. These models generally operate at
an aggregate level of model plants or technology types, similar to the national-scale capacity
expansion models.

Non-Optimization Approaches: Tools that develop approximate predictions of future
production and/or investment decisions, or provide detailed bookkeeping of user-based
decisions. These tools may make decisions based on expert judgement, heuristic rules,’
scenario analysis, or statistical analysis. These tools often rely on external projections of supply,
demand, and other economic conditions; and they do not explicitly optimize the operation of a
power system or simulate economic equilibrium conditions. Non-optimization approaches for
compliance planning span a gamut of models and non-models, including simulation models,
statistical analyses, bookkeeping methods, and complex spreadsheet-based tools that seek to
help stakeholders, researchers, and policymakers answer specific questions. They are
distinguished in that they do not necessarily find an optimal set of decisions subject to system
constraints; instead, they follow a prescribed set of rules and relationships to simulate the
behavior of the system under certain conditions.

It is important to recognize that all models are reduced-form representations of real world systems. The
inherent complexity within, and interactions between, the electricity industry’s technical, economic, and
regulatory systems make the task of projecting CO, emissions from electric power systems extremely
challenging. Ultimately, each of these model types may be appropriate for different types of studies
depending on the main research interest of the study in question. Stakeholders will have varying needs
for different modeling structures. Some will seek transparency and increased accessibility, while others
will seek engineering or operational detail. These varying needs require compromise. This is particularly
true when modeling is conducted by a state or other public agency seeking to meet multiple needs
including that of the public at large, the particular entities most directly affected by the compliance plan,
and other stakeholders.

16 General equilibrium models assume that all markets have an effect on every other market, and model all markets
simultaneously. Partial equilibrium models assume that changes in one market (or the segment of markets explicitly
represented in the model) do not affect other markets; the assumption is that neither the price of every other good (outside
the modeled markets) nor income changes.

17 Heuristics refer to “rules of thumb” and other computationally non-exhaustive methods that allow models to be solved more
efficiently.
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2.3 Survey of Comparable Studies

A number of Clean Power Plan studies with results for Michigan have been completed since the rule was
finalized in mid-2015. These studies take a range of different modeling approaches and focus on state,
regional, or national compliance.

2.3.1 Electric Power Research Institute

Electric Power Research Institute (EPRI) worked with Michigan’s investor-owned and public utilities to
conduct an assessment of Clean Power Plan compliance for Michigan.'® The study utilized the capacity
expansion component of EPRI’s US-REGEN model, a 48-state framework that assesses buildout options
from 2015 through 2050. Overall, the EPRI model is structurally very similar to that used in this study,
captures a slightly wider cohort of states than assessed here, and at a slightly reduced resolution on
specific generators and choices in specific years. The EPRI study assessed both mass and rate based
compliance pathways.

EPRI’'s model inputs were derived from similar sources as the study presented here, generally relying on
public data when available and based on the same industry databases for unit-specific information.
Long-term assumptions in the reference case, such as gas prices, coal retirements, renewable energy
operational parameters, and load growth are generally consistent with this study.

EPRI’'s model results indicated that the state was likely to be in mass-based compliance in the reference
case in most years, based largely on announced coal plant retirements, relatively low gas prices, and
other existing regulations. The study determined that mass-based compliance was likely a lower cost
option than rate-based compliance for the state, and that the state’s mass-based pathway would be
influenced by the cost of allowances and the state’s policies towards building new in-state gas
generation. The findings are generally consistent in both direction and magnitude to the findings of this
study, conducted independently of the EPRI analysis. Both studies conclude that under the reference
case coal retirement and gas price assumptions, Michigan is likely to benefit from the sale of excess
allowances to other states under a mass-based approach, and that under almost all circumstances,
regional trading provides a lower cost approach than compliance in isolation.

2.3.2 Midcontinent Independent System Operator

The regional transmission system operator, Midcontinent Independent System Operator (MISO) has

undertaken a substantial Clean Power Plan analysis covering 15 states, based on the broad scope of its

1

operational control. MISO relied on a variety of methodologies, 1° including national-scale capacity

18 Electric Power Research Institute (EPRI). 2016. “Understanding Clean Power Plan Choices in Michigan: Options
and Uncertainties.”

19 miso Policy & Economic Studies Department. 2016. “MISO’s Analysis of EPA’s Final Clean Power Plan Study Report: DRAFT.”
Available online at: https://www.misoenergy.org/_layouts/MISO/ECM/Redirect.aspx?1D=224648.
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expansion modeling with EPRI's Electric Generation Expansion Analysis System (EGEAS) model?° and

production cost modeling using PLEXOS.%! Both models are proprietary.

MISO’s analysis examined several compliance approaches that included rate-based compliance with
both subcategory rate and state average rate approaches, as well as mass-based compliance with and
without the new source complement. A variety of trading approaches were tested, including state-by-
state compliance (without trading), regional trading, and trading among the entire Eastern Interconnect.
The resulting report included discussion of a wide variety of compliance paths, but detailed state-by-
state cost and resource mix results were not provided.

Due to the computational requirements of PLEXOS, production cost modeling was only completed for
three representative years: 2022, 2025, and 2030. Implied CO;, prices varied widely based on the
assumed compliance pathway, from zero to nearly $140/ton—though the highest cost scenarios did not
allow for any new resource buildouts or retirements. MISO also found some leakage to uncovered
sources. In particular, it found that uncovered CTs could be incentivized to run at up to 85-95 percent
capacity factors. The modelers assumed this was unrealistic and placed hardcoded caps on the
utilization of these units. Synapse encountered similar challenges in its own analysis.

2.3.3 Union of Concerned Scientists

National-scale capacity expansion modeling was also performed by the Union of Concerned Scientists
(UCS),?2 which used the National Renewable Energy Laboratory (NREL)’s Regional Energy Deployment
System (ReEDS) model.?> UCS’s modeling assumed that all states would pursue mass-based compliance
with the new source complement and would engage in a national allowance trading scheme. UCS used
its results to produce state-specific fact sheets, including for the state of Michigan. The UCS study found
Michigan was likely to over-comply with the standard, resulting in average annual revenue of $428
million from the sale of carbon allowances.

20 EpRI. “Electric Generation Expansion Analysis System (EGEAS) v10.0” Description available at:
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002001929.

21 Energy Exemplar. “PLEXOS® Integrated Energy Model.” Documentation available at:
http://energyexemplar.com/software/plexos-desktop-edition/.

22 Ynion of Concerned Scientists. 2016. “Meeting the Clean Power Plan in Michigan: A Robust Pathway for Securing a Clean
Energy Future.” Available online at: http://www.ucsusa.org/sites/default/files/attach/2016/04/clean-power-plan-
michigan.pdf.

23 National Renewable Energy Laboratory (NREL). “Regional Energy Deployment System (ReEDS).” Documentation available at:
http://www.nrel.gov/analysis/reeds/.

i Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 13



http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002001929
http://energyexemplar.com/software/plexos-desktop-edition/
http://www.ucsusa.org/sites/default/files/attach/2016/04/clean-power-plan-michigan.pdf
http://www.ucsusa.org/sites/default/files/attach/2016/04/clean-power-plan-michigan.pdf
http://www.nrel.gov/analysis/reeds/

2.3.4 Energy Information Administration

The Energy Information Administration (EIA)’s Annual Energy Outlook (AEO) uses a well-established
national-scale capacity expansion model called the National Energy Modeling System (NEMS).?* In the
AEO 2016 release, EIA assessed Clean Power Plan compliance in the reference case, assumed to be met
with regional, mass-based trading. EIA also considered several alternative approaches, including rate-
based compliance and wider trading regions, as well as alternative allowance allocation schemes.
Allocating allowances to generators, rather than load-serving entities, resulted in higher retail electricity

prices because EIA assumed those allowance revenues were not refunded back to ratepayers.?>2%

While the NEMS model is not state specific, Michigan is largely represented by its own region. EIA’s
assessment finds that in the sensitivity case without the Clean Power Plan, Michigan’s CO, emissions
decrease moderately, from about 75 million short tons (MMst) in 2015 to about 60 MMst in 2022, and
then grow slowly through 2040. These findings imply that Michigan would reach compliance at the rule
onset, but not afterwards. The mass-based compliance reference case run shows total electric-sector
emissions near, but not below, target requirements (51 MMst in 2030).

2.3.5 Other Regional Clean Power Plan Studies

A variety of stakeholder groups have performed non-optimization modeling with the aim of testing or
promoting specific compliance paths. No compliance constraints are applied in these models. Rather, a
variety of approaches are simulated and evaluated in the context of EPA’s emissions targets. For
example, the World Resources Institute (WRI) used an in-house spreadsheet model to estimate the
emissions reductions that Michigan could achieve by increasing its energy efficiency and renewable
energy targets, increasing use of its existing NGCCs, and increasing the efficiency of its coal-fired fleet.?’
The costs of these approaches were not evaluated.

Similarly, the Natural Resources Defense Council (NRDC) used M.J. Bradley and Associates’ Clean Power
Plan Evaluation Tool?® to propose that Michigan can meet its mass-based target (with the new source

24 E|A. “National Energy Modeling System (NEMS).” Documentation available at:
https://www.eia.gov/forecasts/aeo/nems/documentation/.

25 E|A. 2016. “Annual Energy Outlook 2016 Early Release.” Available at: http://www.eia.gov/forecasts/aeo/er/index.cfm.
26 1A, 2016. “Effects of the Clean Power Plan.” Available at: http://www.eia.gov/forecasts/aeo/Clean Power Plan.cfm.

27 Gasper, R., K. Meek, and N. Kaufman. 2016. “How Michigan Can Meet its Clean Power Plan Targets.” World Resources
Institute. Available online at: http://www.wri.org/sites/default/files/Michigan_full_fact_sheet.pdf.

28\, ). Bradley & Associates. “Clean Power Plan Evaluation Tools.” Available online at: http://www.mjbradley.com/about-
us/case-studies/clean-power-plan-evaluation-tools.
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complement) by increasing its energy efficiency target to 2 percent savings per year and its renewable

energy standard to 25 percent by 2030.2°

The Niskanen Center commissioned Anderson Economic Group (AEG) to examine the impacts of Clean
Power Plan compliance.3® AEG’s in-house price sensitivity model (referred to as the Sectoral Business
Decision model) tests what level of carbon pricing would be necessary for Michigan to achieve
compliance primarily through reductions in in-state electricity consumption, assuming a relatively static
electricity system and substantial price responsivity in consumers’ demand for electricity.

2.4 Synapse’s Study Approach

2.4.1 Choice of Model

For this analysis, Synapse supported Michigan’s state planning process with the use of an industry-
standard utility-scale capacity expansion model called System Optimizer (from ABB Group). Synapse and
the Joint Agencies chose to employ System Optimizer due to its ability to handle individual EGU build
and retire decisions, and to represent a relatively large number of individual units in a linear program
structure. The modeling framework is equipped to assess technical constraints such as regional
transmission limits, resource decisions including renewable energy acquisitions, and the imposition of
policies such as emissions trading programs and mass-based emissions limits. The System Optimizer
model is used by a number of large utilities for integrated resource planning and discrete resource
decisions.

Synapse developed Michigan-specific inputs to the model in collaboration with the Joint Agencies and
stakeholders (including planners from Michigan utilities and also local consumer, industry, and
environmental groups), as well as from independent research. To expedite the modeling process,
Synapse acquired the proprietary model with pre-packaged datasets for states in the Eastern
Interconnect, including near-term base data, populated with detailed EGU specifications, costs, and
constraints from Velocity Suite (a comprehensive market intelligence report). Synapse licensed unit-
specific data from ABB for the entire Eastern Interconnect and supplemented this with additional
research on unit characteristics within Michigan as well as required unit additions and expected
retirements going forward.

The model outputs include unit-specific generation and emissions over time, capital expenditures for
building new plants, and predicted allowance prices in compliance scenarios. Synapse used a

29 Natural Resources Defense Council. 2015. “Michigan’s Pathway to Cutting Carbon Pollution.” Available online at:
https://www.nrdc.org/sites/default/files/Clean Power Plan-Michigan-Compliance-IB.pdf.

30 Anderson, P.L. and T. Taylor. 2016. “Analysis of Michigan’s Options Under the EPA’s Clean Power Plan: Comparing Baseline,
Cap-and-Trade, and Carbon Tax Scenarios.” Anderson Economic Group on behalf of the Niskanen Center. Available online at:
http://www.andersoneconomicgroup.com/Portals/0/Users/028/28/28/AEG%20Niskanen_CleanPowerPlan_04-20-
2016_star%20print.pdf.
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spreadsheet-based framework to aggregate these outputs by state and fuel type, and to produce both a
comprehensive picture of state and regional energy landscapes and an analysis of Michigan’s financial
and compliance positions in different scenarios.

2.4.2 Approach to Modeling

To address the wide range of uncertainties inherent in long-term planning, a modeling exercise such as
that conducted for this study must make a series of simplifying assumptions and choose to exclude
some uncertainties on an a priori basis. These assumptions are presented in Section 2.6, below. For the
purposes of this exercise, the Joint Agencies opted to focus on compliance under the M1 and M2
pathways only, and made assumptions about the implementation of the Clean Power Plan regionally.
These assumptions include:

1. That Michigan would participate in emissions trading if available;

2. That neighboring states in the Great Lakes region provided a reasonable
representation of potential trading partners;

3. That states in the trading region would all participate in the same program and
could trade without restriction; and

4. That both the costs of and revenues from emissions trading would flow from and to
Michigan ratepayers, and stay within the electric system.

Overall, this model is indifferent to the mechanism by which allowances are allocated to EGUs, whether
freely on the basis of historical emissions or generation, or auctioned. In both circumstances, EGUs
would experience an allowance cost: if auctioned, EGUs would face a real cost to obtain allowances
while if freely allocated to EGUs, the choice to use an allowance to emit rather than to sell it to other
emitting entities represents an opportunity cost. The approach used here treats these circumstances as
indistinguishable as it assumes that in both cases the costs of obtaining allowances and the revenues
from their sale would flow through to ratepayers as expenses and/or revenues. In keeping with
extensive utility literature, this study assumes that consumer behavior is relatively unaffected by minor
changes in electricity prices. Finally, this modeling treats Michigan as a whole, and does not distinguish
individual utility ownership or regulator structure.

2.5 Study Boundaries

2.5.1 Study Period

The analysis presented here commences in 2016 and continues through 2034. The Clean Power Plan
Final Rule sets out a declining emissions path from 2022 through 2030, and then requires emissions to
remain at or below that level in years beyond. The rule requires compliance to be assessed every three
years for the first six years after 2022, and then every two years thereafter. This analysis runs through
2034 to include a full additional interim compliance period after the re-licensure and potential
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retirement of nuclear-powered units in Michigan in 2031.3! The period from 2016 to 2034 is referred to
here as the “study period.”

2.5.2 Study Region

Michigan was modeled as part of a “study region,” designed to include Michigan’s immediate neighbors
and major linked sources of generation.

Rather than conforming to political boundaries, the study region was defined based on the edges of
control areas representing major balancing areas in the electrical grid system. Transmission between
these balancing areas is represented by aggregate “paths” specified in megawatts (MW) of transfer
capacity.

Balancing areas are generally associated with the operating territory of large power companies. The
study region used for this analysis incorporates the entirety of Michigan, Ohio, Indiana, lllinois,
Wisconsin, Minnesota, and lowa. In addition, small portions of several adjacent states were included as
they are within modeled balancing areas. Mass-based emissions caps were adjusted to include the caps
of these partially modeled states on a pro-rata (by emissions) basis.

The state of Michigan itself was split into two balancing areas—the Upper Peninsula and Lower
Peninsula. The Lower Peninsula region includes the service territories of both of Michigan’s large
investor-owned utilities, DTE Energy and Consumers Energy, as well as a number of municipal utilities,
cooperatives, and a portion of Indiana Michigan Power. As in most regional planning assessments, this
analysis assumes that individual generators act competitively and dispatch economically, regardless of
their public or private ownership, whether or not they participate in a centralized energy market, or
with which energy market or transmission organization they coordinate.

A map of the overall study region is shown in Figure 2 on page 6.

Any definition of a particular study region comes with clear tradeoffs when deciding what study region
to use. A larger study region will impose substantially greater computational requirements for the model
to optimize dispatch and capacity expansion, while a smaller study region limits the ability to
incorporate changes in imports and exports across the region, and to model the dynamics of
simultaneous Clean Power Plan compliance with trading.

This study does not model Canada. International imports to Michigan were held constant across years at
6,164 GWh annually.3? Transfers between states in the study region changed across years, depending on
the relative economics of generation and new-build options in those states, and on the available
transfer capacity. Imports to or exports from the broader seven-state study region are held constant at

31 1his analysis includes only the retirement of Palisades Unit 1.

32 |nternational imports are 2013 levels. From EIA SEDS. http://www.eia.gov/electricity/state/.
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2015 levels. This study’s Clean Power Plan compliance runs all allow for trading of allowances among all
states within the study region.

2.5.3 Allowance Trading Region

All compliance case modeling was based on the assumption that trading of CO, allowances or ERCs
would be allowed within the study region. The potential exists for Michigan to join a national trading
region or a trading region including a different set of states than is included in this analysis. In the event
that Michigan joins a study region different from that modeled in this study, compliance results may
differ from those presented here due to variations in the trading region’s resource mix and other
factors.

For the purposes of this analysis, it is assumed that allowances are allocated freely to utilities, and that
any utility savings and or profits from this free allocation of allowances are passed, in full, back to
ratepayers.

2.6 Key Assumptions

This study relies on several important input assumptions in modeling the future of the study region.
Assumptions were developed and vetted with stakeholders representing the views of state regulators,
utilities, environmental advocates, and other knowledgeable parties.

Load forecasts for Michigan and the study region as a whole, fuel prices, renewable energy capital cost
forecasts, and non-Clean Power Plan environmental regulatory costs were developed by Synapse, and
assessed by stakeholders. Specific resource additions and retirements were provided as input by
stakeholders and state regulator assumptions. In modeling the region’s energy system, these
assumptions determined how much capacity and generation had to be added to the system and in what
time frame, as well as informing what resources were available and the relative favorability of these
resources.

2.6.1 Demand Forecast

Synapse worked with MPSC to determine a long-term sales growth forecast for Michigan utilities. For
the purposes of a reference case, it was assumed that Michigan would see reduced consumption due to
existing and incremental federal appliance standards (FAS) and would continue pursuing state-specific
utility energy waste reduction (EWR) programs.33 Based on MPSC input, this study used an underlying
long-term growth rate of 1.2 percent per year with no incremental efficiency programs—utility, state or
federal. Overall, this assumption would result in a growth in demand from about 103 TWh in 2014 to
130 TWhin 2034.

33 Energy Waste Reduction programs are also known as energy efficiency programs in other states and forums.

Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 18




Synapse assessed current and impending FAS. Synapse’s assessment of existing and impending FAS
resulted in an expectation of incremental reductions in demand of about 0.5 percent per year through
2025, falling off thereafter. In consultation with the Joint Agencies, Synapse assumed a continuation of
the Energy Optimization Standard in the Reference case,3* with incremental EWR savings of 1 percent
per year. The combination of the native growth, in demand with FAS and EWR assumptions resulted in a
forecast of flat consumption at around 102 TWh from 2015 through 2026, with demand rising thereafter
to 111 TWh between 2026 and 2034.

Synapse assumed a 4 percent Figure 3. Reference case demand forecast development for Michigan
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2.6.2 Fuel Price Forecasts

Synapse utilized publicly available fuel price forecasts for coal, natural gas, and fuel oil, focusing
primarily on EIA’s 2015 AEO Reference case. 3> Due to the recent decline in natural gas prices, Synapse
used the AEO 2015 High Qil & Gas Supply sensitivity forecast for long-term natural gas prices in the base
case, supplemented by NYMEX futures for the first several years. The resultant price trajectory, which is
substantially lower than the AEO 2015 Reference case, maintains a Henry Hub price of $3/MMBtu
through 2020 and before rising to below $4/MMBtu (2014S) by the end of the analysis period. A higher
price forecast based on the AEO 2015 Reference case was also used for sensitivity analysis. This forecast
deviates from the base trajectory starting in 2019, and rises to just over $6/MMBtu by the end of the
analysis period.

34 Michigan, State of. Clean, Renewable, and Efficient Energy Act, PA 295. Available online at:
http://www.michigan.gov/mpsc/0,4639,7-159-52495_53472---,00.html.

35 1A, 2015. “Assumptions to the Annual Energy Outlook 2015.” DOE/EIA-0554 (Washington, DC, to be published). Available at:
http://www.eia.gov/forecasts/aeo/assumptions.
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AEO 2016 was released shortly Figure 4. Assumed Henry Hub Natural Gas Price Forecast (2014 $/MMBtu)

before the publication of this $18.00
report. That wupdated forecast $16.00
indicates gas prices rising to just $14.00
under $4.5/MMBtu by 2020, but 2 $1200
then maintaining at or below E

& $10.00
S5/MMBtu through the analysis p

& $8.00

period. As of the writing of this

High Forecast
paper, NYMEX futures maintained $600
approximately $3/MMBtu through $4.00 Base Forecast

2020, after which trading s $2.00
substantially thinner and less $0.00
o) o o~ <+ 0 [+2] (= o~ <+ O [+ [=] [l <
reliable & o o o o o 8 8§ 8 8 § &8 & 8
. o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ (o] o~

Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.
The ABB dataset used for this

analysis includes region- and plant-specific basis adders for coal and gas.

2.6.3 Renewable Energy Cost and Potential

For new renewable resource selection, Synapse used assumptions consistent with the 2015 Michigan
Renewable Resource Assessment conducted by the Vermont Energy Investment Corporation (VEIC).
Figure 5 shows the capital cost trajectories for renewable energy options.
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MW of new wind capacity per year on average (2011-2014).

The amount of rooftop photovoltaics (PV) were input as a fixed trajectory (i.e. not an optimized choice)
and held constant for all scenarios. The assumed trajectory was based on research conducted in 2014
using NREL’s ReEDS model.3” This study assumes that rooftop PV rises from approximately 25 MW
today to around 40 MW in 2026 and to 80 MW by the end of the study period.

2.6.4 Existing Unit Retirements

Nuclear, coal, and oil unit retirements within Michigan were set exogenously, 3 based on assumptions
from MPSC staff. (Figure 6). Overall, the Reference case assumes 1,300 MW of coal unit retirements in
2016, rising to 2,400 MW by 2022 and 3,000 MW in 2023. These aggregate retirement figures represent
the total capacity of multiple individual unit retirements. In addition, the Reference case assumed that

Figure 6. Existing unit retirement assumptions in Michigan, by fuel type Palisades nuclear
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2.6.5 New Unit Additions

Capacity expansion models are able to choose which new generation units should be added to a system
and when they should be added, based on costs and constraints. The aim in general is to minimize
system cost. This study allowed the model to select incremental capacity additions in all regions,
including Michigan. In addition to those added by the model, a number of units were hard-coded into
the assessment. On advice of MPSC staff, Synapse assumed the presence of Alpine Power Plant
(Wolverine Power, 432 MW) in 2016, Holland Energy Park (City of Holland, 114 MW) in 2018, and an
Invenergy project (280 MW) in 2017. In addition to these currently proposed or permitted units, MPSC
staff also requested that three 750 MW NGCC units be added through the analysis period (in years 2022,
2024, and 2029) as a baseline assumption.

37 Sigrin, B., M. Gleason, R. Preus, |. Baring-Gould, and R. Margolis. 2016. The Distributed Generation Market Demand Model
(dGen): DocumentationPDF. NREL/TP-6A20-65231. National Renewable Energy Laboratory (NREL).

38 Exogenously: outside of the model framework, or not chosen by the model. In other words, all retirements were assumed
and held constant within the model framework, and the model was restricted from choosing to retire units.
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Synapse used the ABB default renewable energy scenario for all modeling runs. This scenario assumed a
certain set of units will be added to comply with existing renewable portfolios policies and other
standards across states in the study region runs.

Apart from these additions, all new units were chosen endogenously (i.e., by System Optimizer).
Because exogenous units are common across all scenarios, only endogenous unit additions are
represented in capital expenditures.

2.6.6 Cost of Energy Waste Reduction

An assessment of EWR (or energy efficiency) prices reported by state EWR programs>® suggested that
EWR costs between 13¢¢-14¢/kWh (2014S) on a first-year basis (or 1.7¢¢-1.9¢/kWh on a lifetime cost
basis)*° Following feedback from MPSC staff, it was assumed that this cost would increase linearly (in
real terms) to 26¢ by 2020, and then remain at that cost through the end of the analysis period.

Other states were not assumed to have efficiency programs above and beyond those embedded in load
assumptions in the reference database.

2.7 Financial Analysis

In order to evaluate the economic impacts of Clean Power Plan compliance on the state of Michigan,
this study conducted financial and employment analysis in addition to the energy system modeling
described above. This analysis focused on the annual costs of the power system for various policies and
compliance paths. Total scenario costs are compared on a net present value (NPV) basis for incremental
costs. In other words, the analysis (a) only reviews new forward-going costs starting in the year 2016,
and (b) sums these costs over all years (2016-2034) on a present value basis.** For this study, we used a
discount rate of 6.64 percent (nominal), which is the simple average of DTE Energy and Consumers
Electric weighted average cost of capital.*?> The study is conducted in constant 2014$ dollars, with
inflation set at 1.9 percent to adjust nominal terms.

39 Michigan Public Service Commission. 2014. 2014 Report on the Implementation of P.A. 295 Utility Energy Optimization
Programs, in Compliance with Public Act 295 of 2008; Michigan Public Service Commission. 2015. 2015 Report on the
Implementation of P.A. 295 Utility Energy Optimization Programs, in Compliance with Public Act 295 of 2008.

40 |ifetime cost assumes 10-year measure life and 6 percent discount rate.

41 present value represents the value, today, of a cost incurred in a future date and is a standard accounting, ratemaking, and
planning construct within the utility and business sectors. This study uses a weighted average utility discount rate for
Michigan’s investor-owned utilities, representing the cost of capital for an investor-owned utility. The present value
represents the investment that would need to be made today to have capital available in a future year. The total cost of a
scenario is taken as the sum (“net”) of all future costs and revenues on a present value basis.

42 Order from MI PSC Case No. U-16794, as provided by MI PSC.
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Synapse relied primarily upon System Optimizer outputs to calculate the annual power costs incurred by
Michigan under each scenario. The annual plant-level cost outputs generated directly by System
Optimizer include costs for fuel, variable operations and maintenance (O&M), fixed O&M, and new plant
construction. Outputs on regulated CO, emissions were multiplied by endogenously calculated CO,
allowance clearing prices to determine annual emissions costs. To calculate the total value of Michigan's
allowance pool, Synapse multiplied the number of allowances allocated to Michigan under the Clean
Power Plan in each year by that year’s allowance clearing price. Allowance revenue was then calculated
as the difference between the value of the total allowance pool and the value of the allowances used by
in-state EGUs. The cost of EWR (energy efficiency) was calculated on a first-year investment basis and
was limited to costs incurred by utility companies.

Synapse used electricity price and import/export outputs to calculate electricity import costs and export
revenues at the transmission-area level, and then calculated state-wide costs and revenues by summing
these costs across transmission areas located within Michigan. For the two transmission areas located
fully within Michigan, hourly price, import, and export data generated by System Optimizer were used
to calculate net import costs. For the sections of the two transmission areas that fall partially within
Michigan, Synapse estimated Michigan’s pro-rata share of sales based on 2014 EIA data and forecasted
annual generation for the identified Michigan power plants in those transmission areas. Annual net
import estimates were then multiplied by the transmission area’s modeled annual average electricity
price to estimate annual net import costs.

2.7.1 Total System Cost

The definition of “total system cost” used here is similar to that used in long-term planning for vertically
integrated utilities. Total system cost includes all forward-looking costs of operating EGUs in Michigan,
including the per-unit costs of fuel costs, fixed costs of O&M, and maintenance (O&M), variable O&M
costs. It also includes incremental capital requirements for existing generators, the capital costs of new
generators, the net cost of energy purchases from and the revenues from energy sales to neighboring
states, and the cost (real or opportunity) of purchasing emissions credits or allowances. As a whole-state
analysis, performed on behalf of the state, this study maintains the value of allowances allocated to the
state by EPA as a revenue stream to the state. EPA will distribute a known number of allowances to each
state, and depending on the ultimate cost of compliance, these allowances will have an implicit or

explicit value.*3

If Michigan generators were to substantially reduce emissions below the number emissions target set by
EPA, they would consume fewer allowances than allocated to the state, leaving an excess of allowances
unused by Michigan EGUs. These excess allowances could be sold out of state. The difference between
how much generators pay for allowances and how much value is implicit in the allowances allocated to

43 Allowance value will be implicit if trading is performed through strictly non-monetary measures such as state cooperative
agreements; allowance value will be explicit if trading is performed through any form of market, whether bilateral or public.
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the state provides a stream of either net costs or net revenues to the state. For example, if generators
consumed exactly the number of allowances provided to the state, there would be no emissions cost to
the state as a whole. If generators consume less than the allowances allocated, the state would realize a
revenue stream. The electric system model is agnostic to whether revenues from those sales flow to the
state (i.e. to reduce taxes) or to ratepayers directly.

2.7.2 Stranded Asset Cost

As is standard practice for a forward system planning process, this impact assessment reviewed only
forward-looking costs and did not consider the disposition of sunk costs. EGUs that are taken offline at
the end of their useful lives (defined on an economic basis or otherwise) may not be fully paid off,
leaving a so-called “stranded investment.” Determining how to treat such stranded investments can be a
critical question for utilities and state utility regulators, but engagement with these issues is not
generally part of forward planning. As a matter of general economic principle, decisions should be made
on the basis of opportunity costs—i.e. the opportunity to make a different decision at a higher value or a
lower cost. There is no opportunity to avoid paying stranded costs—those costs are borne by either the
owner or customers (or in some cases, taxpayers).

In this modeling effort, units that retire avoid forward-going fixed O&M costs, fuel costs, and other
variable costs of operation, but neither incur additional costs for retirement nor provide an incremental
monetary benefit to consumers aside from the provision of possibly lower-cost power and reduced
emissions. In ignoring the recovery of sunk costs in the model, this analysis implicitly assumes that costs
are fully recovered by the utility. Any result other than full recovery would entail providing a benefit to
consumers in the form of a rate credit (i.e. a reduction of revenue requirements). This analysis,
therefore, takes into account useful lives by excluding consideration of sunk costs and assuming that full
recovery is provided.

This analysis is not meant to provide guidance on the disposition of specific existing units, and the
results should not be construed to provide a valuation of any given asset. Rather, the results provide
insight on the impact and cost of various general compliance pathways.

2.8 Caveats and Data Limitations

In considering the results of modeling scenarios that span long timeframes, it is important to remember
that this study relies on forecasts of key inputs (e.g., loads, fuel prices and resource costs) over a 20-year
period. Over at least the latter half of this period, these forecasts are highly uncertain, and thus the
modeling results should be viewed carefully. In electric utility planning, it is common to evaluate a range
of scenarios and sensitivities to understand the implications of near-term decisions given reasonable
variation in long-term assumptions and forecasts. This study focuses on several key uncertainties
identified by the stakeholder group, but is not comprehensive.

In this modeling work, several key aspects of the tested scenarios were developed “exogenously” and
entered into the model as inputs. For example, trajectories for energy efficiency, wind resource limits,
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and rooftop PV installations were treated as input assumptions. The total allowable amount of new
wind capacity was also assumed to be limited. Several other factors are not addressed or are simplified
in this analysis, as described below.

2.8.1 Choice of Study Region

In coordination with the PSC and stakeholder group, Synapse arrived at a seven-state model region. This
study assumed trading of mass-based Clean Power Plan allowances across this region. Defining a region
consisting of a different set of states could change the value of emissions allowances, and the revenue
received by Michigan for the sale of those allowances. The analysis presented here found Michigan to be
a net seller of allowances in all scenarios. It is highly unlikely that different regional choice would require
Michigan to be a net purchaser of allowances.

2.8.2 Cooperative Regional Compliance Pathway Choice

This study assumes that all of the states in the study region choose a similar compliance pathway and
choose to engage in cooperative allowance trading. It is feasible that neighboring states may choose
different pathways, resulting in a compliance patchwork of non-trading mass and rate states. In other
cases, some states may impose restrictions on their anticipated trading partners (if such restrictions
prove to be legal). It is difficult to predict the pathway likely to be chosen by every state, and similarly
difficult to assess what impact patchwork compliance would have on allowance prices, rate-trading
states, and the efficacy of the rule. The assumption that most states will choose a similar compliance
pathway is common to many modeling efforts.

2.8.3 Retirements

The model made no endogenous retirement decisions based on economics. Plants were retired at their
regulatory established end of life, or based on announcements. For the state of Michigan, retirement
decisions were made a priori in consultation with the State. Further economic retirements in the MISO
region are very possible and would likely have the effect of lowering allowance prices.

2.8.4 Local Reliability Analysis

The model is constrained to have a planning reserve margin requirement in each transmission area, as
well as the broader PJM and MISO areas. RTOs such as PJM and MISO conduct regular reliability
analyses themselves and may institute additional local capacity requirements. MISO, for example,
includes a Local Clearing Requirement for each of its defined resource zones. This study does not
attempt to forecast the evolution of such requirements, which are frequently dependent on local
transmission constraints. Similarly, MISO institutes Capacity Import Limits (CIL) based on the need to
respond to a transmission outage.

A true reliability analysis would characterize transmission flows and local requirements in more detail
using power flow models, which inform the development of MISO LCR and CIL requirements. Such
analyses are not typically done with resource planning models, due to computational limitations.
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2.8.5 Resource Siting Constraints

System Optimizer assumes a new plant (fossil or renewable) can be built if it is economic. Other local
considerations may prohibit or delay the installation of new facilities. Maximum resource limits such as
the model’s 5,000 MW cumulative cap on wind additions, are informed by a resource assessment
incorporating siting constraints. When a planning model such as System Optimizer indicates that such
resources are economic, an important next step is to consider these constraints.

2.8.6 Operational Considerations

Long-term capacity expansion models typically take a limited approach to unit commitment and
dispatch by bundling a number of hours with similar loads into load blocks. This allows these models to
approximate the day-to-day dispatch, while devoting computation resources towards the comparison of
new resource alternatives. A production cost model could alternatively be used to consider an 8760
hour unit commitment and dispatch, enforcing constraints such as limitations on the ability of fossil
plants to ramp up and down in response to changing net load patterns.

2.8.7 Leakage Mitigation

This study relied on EPA guidance to develop a scenario to minimize the incentive for new, uncovered
NGCC plants to increase generation under an “existing sources only” compliance pathway. This EPA
guidance included the free allocation of some allowances to existing NGCC units, as well as new
renewable installations (referred to as output-based allocation and renewable energy set-asides).
Alternative approaches could be envisioned.

2.8.8 Heat Rate Improvements

No economic heat rate improvements were modeled as an emissions mitigation opportunity, although
System Optimizer has the capability to model such decisions. For the long-term, state-wide purposes of
this study, the team focused on renewable energy, energy efficiency, and dispatch shifts.

2.8.9 Data Limitations

Synapse conducted a comprehensive analysis of near-term resource additions and retirements in
Michigan. This study relied on Ventyx/ABB data for this analysis in the rest of the study region. Changes
made since the development of that dataset would not be reflected in this analysis.

2.8.10 International Imports

Canada was not part of the study region in this analysis, but remains an important source of electricity
supply. In this study, net imports to Michigan from Canada are maintained at current levels throughout
the remainder of the study period. An alternative approach would be to model supply and demand in
the neighboring region of Canada and let the model decide future trends based on economics.
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3. SCENARIOS AND SENSITIVITIES

The following section describes the scenarios and sensitivities selected for modeling by the Joint
Agencies and stakeholders. As noted previously, the state and stakeholders oriented the assessment
presented here towards understanding the impacts of various mass-based compliance options, with
particular emphasis on probing the potential differences between the case in which all sources are
covered and cases in which only existing (affected) sources are covered by the requirement.

3.1 Reference Scenario

In order to evaluate the impacts of Clean Power Plan compliance, modeling included a Reference
scenario in which compliance is not required. The purpose of this scenario is to establish a baseline from
which the impact of the Clean Power Plan may be evaluated, and from which the state and planners
may assess the actions and/or policy constructs that may be needed to reach compliance. The inclusion
of the Reference case serves to put the results presented here in context, enabling isolation of the
impact of the Clean Power Plan from the effects of changing gas prices, renewable energy capital costs,
load, and other factors that influence the region’s energy landscape. This scenario should not be
construed as a viable compliance mechanism.

3.2 Mass-Based Compliance Scenarios

The modeling presented here includes three mass-based compliance scenarios. In these scenarios, a
total cap on allowable CO, emissions was applied to affected generating units within the study region.
As above, all scenarios incorporated trading of emissions allowances within the multi-state study region.
No trading was allowed with states outside of the region. In other words, a given year’s mass cap acts as
an exact and absolute limit on the amount of CO, that may be emitted by the region’s capped units in
that year. The study did not examine inter-annual banking of allowances, in which a state or region over-

complies in early years to

Figure 7. Regional caps on emissions for mass-based compliance, with existing .
reduce costs in later years.

sources only or both existing and new sources
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in the form of the “new source complement.” The value of these two emissions caps for the entire study
region are shown in Figure 7.4 This cap represents the total tons of emissions allowed in the seven-state
region, as well as a ratable fraction of the states only partially covered by the model.

3.2.1 Existing Only Mass-Based Compliance Scenario

The simplest compliance scenario modeled in this study applies a mass-based emissions cap only to
affected sources as defined by the rule, including existing steam boilers and combined-cycle electricity
generating units. This path is referred to here as the “Existing Only” scenario. The cap does not apply to
CTs, or to units that commenced construction after January 8, 2014. For the purposes of this study, if a
new generator is constructed during the study period, its absolute CO; emissions are unconstrained in

this scenario.*®

EPA has recognized that as the cap on emissions is tightened, uncovered sources may be incentivized to
produce incrementally more generation. To the extent that this includes emitting resources, this
incentive may result in an increase in emissions from uncovered sources, an effect known as “leakage.”
Because of this effect, a simple Existing Only compliance path is not legal under the final Clean Power
Plan unless a state can decisively demonstrate that leakage is unlikely to occur as a result of unique
factors or existing state policies.*® The scenario presented here is meant to help illustrate potential
leakage in Michigan.

3.2.2 Model Rule Mass-Based Compliance Scenario

EPA provides for a mechanism by which states can address leakage while still only covering existing
sources under a mass-based cap. The rule offers that states can “use allocation methods in the state
plan that counteract incentives to shift generation from affected EGUs to unaffected fossil-fired
sources.”*” EPA lays out a series of presumptively approvable allocation methods in the simultaneously
proposed Model Rule.*® The Model Rule path modeled here caps emissions from existing sources only,
and implements the allocation methods proposed in the Model Rule to the extent feasible. This
modeling effort is meant to review the impact of the M1 pathway (see Section 1.2 on page 1).

44 Readers should note that the vertical axis of this figure begins at 350 million tons of CO,, rather than zero.

45 New sources of CO; emissions in this model are limited to natural gas combined cycle (NGCC) and combustion turbine (CT)
units. EPA’s New Source Performance Standard (NSPS) for CO; restricts the emissions rate from new sources to 1000
Ibs/MWh limit for gas units and 1,400 lbs/MWh for coal-fired units. It is generally understood that the gas subcategory rate
is achievable with current commercial technology, while the coal subcategory rate for new units would require carbon
capture and sequestration (CCS). For the purposes of this study, new coal units with CCS were not examined as a viable
Michigan resource.

46 80 FR 64890.
47 80 FR 64888.

48 80 FR 64965. “Federal Plan Requirements for Greenhouse Gas Emissions From Electric Utility Generating Units Constructed
on or Before January 8, 2014; Model Trading Rules; Amendments to Framework Regulations.”
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The Model Rule lays out two allocation mechanisms unique to this pathway and meant to mitigate
leakage. By all indications in the proposed Model Rule, both of these allocations must be implemented
for a plan to be approvable.

In the first mechanism, existing NGCC units only are provided a set number of allowances, which are
allocated to individual generators based on their generation—existing NGCC units that produce more
power are provided incremental allowances (or more specifically, access to a set-aside allowance pool).
This mechanism, known as an “output-based allocation” provides an incremental incentive to existing
NGCCs to increase their output, thus theoretically offsetting the incentive provided to new sources and
mitigating leakage. The value of that incentive decreases as the output of NGCCs as a group rises.

In the second mechanism, renewable energy projects are awarded allowances from a set-aside pool that
can then be sold on the market for additional revenue. Both the output-based allocation of allowances
to NGCCs and the allocation of allowances from the renewable energy set-aside (RESA) pool function as
financial incentives to these generators. These incentives are not granted to uncovered emitting
sources.

3.2.3 Existing+New Mass-Based Compliance Scenario

The last compliance scenario applies a mass-based emissions cap to all existing and new affected
sources—the M2 pathway. For the purposes of this study, this compliance path is referred to as the
Existing+New scenario.

EPA provides this pathway as a mechanism of addressing leakage by covering the units most likely to
increase generation and emissions if left outside of the cap. This pathway does not require the
specialized allocation mechanisms of the Model Rule, as described above.

The cap in the Existing+New scenario includes the amount of emissions allowed for existing units as well
the new source complement. Therefore, the cap in the Existing+New scenario allows incrementally more
emissions than the cap used in both the Existing Only and the Model Rule scenarios.

3.3 Sensitivities

In addition to a base case examination of each compliance scenario, three sensitivity cases were
modeled for the Reference scenario, as well as for the Existing+New, Existing Only, and Model Rule
compliance scenarios.

Sensitivities were selected by the Joint Agencies and stakeholders, and were designed to illustrate the
most substantial uncertainties or potential changes driving the cost or impacts of compliance.

3.3.1 High EE Sensitivity

The High EE sensitivity is meant to illustrate a case in which Michigan pursues a more rigorous EWR (or
efficiency) program and where federal appliance standards (FAS) are expanded incrementally. In total,
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efficiency programs expand to 2 percent incremental savings per year, as compared to 1 percent per
year in the base case, resulting in net load reductions from 2015. For the purposes of the financial
analysis, it is assumed that incremental EWR is priced at the same level as in the base case. As in the
base case, this sensitivity assumes that the state or its utilities pay only for EWR and not the federal
appliance standards.

Figure 8. Forecast sales under the High EE sensitivity
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3.3.2 Additional Coal Retirements Sensitivity

This case includes the retirement of additional coal-fired units within the state of Michigan, totaling 3.7
GW of capacity. All additional unit retirements occur towards the end of the study period. No additional
retirements outside of Michigan were included.

3.3.3 High Gas Sensitivity

This case relies on a higher forecast of natural gas prices than the base case (see Figure 4, section 2.6.2),
following AEO 2015 reference case assumptions.

3.4 Potential Interactions between Scenarios

The sensitivity cases modeled here, taken as a group, vary some of the most pivotal inputs that go into
modeling a compliance scenario, including: the load seen by the fossil fleet, the resource mix available
to meet that load, and the relative prices of those resources. Each sensitivity was modeled as occurring
independently. In other words, modeling did not include a scenario in which Michigan implements
additional energy efficiency and gas prices rise faster than expected.

It is entirely possible that both of these situations may occur simultaneously. Moreover, other important
sensitivities are not captured here, such as patchwork compliance (see Section 2.8.2), substantial new
transmission, coal retirements in other states, or substantial changes in the cost of renewable resources
(see caveats in Section 2.8). However, because the directionality of the results below is very consistent
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(for example, sensitivities that tend to decrease costs do so regardless of compliance), these results
provide some guidance as to what can be expected if multiple important factors shift during the same
time period. Therefore, although they do not represent a comprehensive range of uncertainties, the
sensitivity analyses presented here demonstrate how important assumptions affect the modeled
compliance outcomes for the state of Michigan.
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4. RESULTS

4.1 Guide to Results

The sections below present modeling and analysis results from the key scenarios tested in this study: the
base cases of the Reference scenario and three compliance scenarios, as well as the Reference and
Existing+New compliance scenarios of each sensitivity case. Sensitivity results for Existing Only and
Model Rule compliance scenarios can be found in the accompanying Technical Appendix.

In each section, results describe the energy landscape, emissions trajectory, and financial metrics
associated with a given scenario or sensitivity. Energy results are presented for Michigan in all cases and
the region at large in the base case of the Reference scenario. These results include both the generation
mix over time and the capacity build-out (the additions and retirements of capacity over the study
period).

Each of the modeling runs performed tracked generation and emissions on a unit-by-unit basis. For the
purposes of this report, CO, emissions are reported only for Michigan except in the Reference case,
which includes a discussion of regional emissions. In the compliance cases, regional emissions from
covered sources are constrained by EPA’s targets. Each section here provides an assessment of
Michigan’s compliance position (i.e. whether the state is short or long on emissions allowances on a net
basis). Generation, capacity, and emissions results are presented on an absolute basis, rather than
relative to the Reference case.

The financial analysis shows the differences in power system costs in Michigan resulting from Clean
Power Plan compliance paths by themselves, as well as due to the sensitivity cases described above
(additional energy efficiency, accelerated coal retirements, and high natural gas prices). All financial
results are shown on a net present value basis (2016-2034) in 2014$.%° Absolute financial results are
shown for the base case of the Reference scenario only. Otherwise, financial results are shown relative
to the base Reference case.

Savings relative to the Reference scenario are assumed to be passed on to customers in the form of bill
savings or lower rates. For further detail on the financial impact methodology, see the Technical
Appendix.

While the sensitivities were run for all scenarios, the discussion of results focuses on the contrast
between the Reference case and the Existing+New Scenario. This scenario stands out as both the case
with the most notable contrasts in the sensitivities, and lowest-cost outcome on a consistent basis.

49 Using a discount rate of 6.64 percent in nominal terms, and inflation rate of 1.9 percent to adjust nominal terms to constant
2014S.
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4.2 Reference Scenario

4.2.1 Energy Landscape

The base case of the Reference Figure 9. Regional (a: top) capacity and (b: bottom) generation by fuel over the study
scenario represents what the Periodinthe Reference case
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region to drop moderately after
2030. Existing plants run more Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

to make up the slack, meaning

that total generation from coal-fired plants remains essentially stable. As regional load increases,
increases in regional demand are met primarily by existing and new gas-fired generation. Very little new
renewable energy is built.

In this case, Michigan follows the trends of the region at large. Figure 10(a) shows Michigan’s capacity
mix by fuel while Figure 10(b) shows cumulative annual changes in capacity. Unit retirements are shown
as negative and additions are shown as positive. Each year’s values represent the total change in
capacity by fuel since 2016. Figure 10(c) shows Michigan’s generation mix by fuel.

- Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 33



Approximately one-fifth of the coal
retirements expected in the Reference
case occur in Michigan. This capacity is
expected to be
NGCCs.
remains approximately stable over the
study period. Energy efficiency and gas-
fired generation are used to meet

replaced by new

Therefore, in-state capacity

increases in demand. As gas-fired
generation becomes more
economically  favorable, coal-fired

generation decreases both inside and
outside of the state. Declines in coal-
fired generation in
neighboring states, along with other
factors, lead to Michigan acting as a net
exporter of power.

Michigan’s

Figure 10. Michigan (a: top) capacity, (b: middle) change in capacity, and (c:
bottom) generation by fuel over the study period in the Reference case
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4.2.2 Emissions

In the absence of a requirement to comply with the Clean Power Plan, emissions in the study region rise

gradually throughout the study period, as shown in Figure 11(a). Since EPA’s cap on emissions becomes

more stringent over time, the region’s increase in emissions means that it moves farther and farther

from compliance as time passes. In the Reference case, emissions within the state of Michigan are

relatively close to conforming with EPA’s mass-based goal for the state (Figure 11(b)).>° Emissions from

existing affected sources are
below  Michigan’s  state-
specific cap until the early
2030s.°! When new affected
sources are included,
Michigan’s emissions exceed
its cap only after 2025, and by
at most 17 percent in any
given year. Meanwhile, the
region as a whole exceeds its
cap (with new sources
included) by 16 percent in
2022 (the first year for which
compliance would be
required) and by 38 percent
in 2034. Because Michigan’s
emissions are closer to
conforming with its cap than
is the case for the region as a
whole, this result suggests
that Michigan is positioned to
act as an exporter of
emissions allowances within
the context of this study
region.

Figure 11. (a: top) Regional and (b: bottom) Michigan emissions from power
generation in the Reference base case.
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30 Emissions from non-affected sources are shown for informational purposes only and do not affect Michigan’s compliance

position.

>1 Michigan’s existing source emissions are under the state’s cap for all years through 2030 except 2028.
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An analysis of Michigan’s position in the Reference case vis-a-vis rate-based compliance targets indicates
that rate-based compliance may be more difficult to achieve than mass-based compliance given the
assumptions used here. If Michigan chose to comply using subcategory rates (i.e., by requiring that in-
state coal-fired generators and NGCCs each meet a technology-specific emissions rate goal), it would
have an ERC shortage during every compliance period, as illustrated in Figure 12. Michigan would need

to purchase 14 percent of its

Figure 12. ERCs required by the subcategory rate compliance path and ERCs required ERCs in the first
generated in Michigan in the Reference base case
70

compliance period (2022-
2024), which would rise to 49

60 percent by the last compliance
50 period (2032-2033). If
40 ERCs Required Michigan chose to use the

state average emissions rate

% goal set by EPA, it would over-

20 — comply in the first compliance
0 period but would need to
0 — || purchase additional ERCs
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ERCs thereafter. Michigan’s ERC
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Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016. shortage  in  the  last

compliance period would be

41 percent of those required. Because Michigan would need to import ERCs or take greater action to

achieve its rate-based goals in-state than its mass-based goals, it was determined that mass-based

compliance provides a more promising path for the state. Consequently, the remainder of this study
focuses on Michigan’s options for mass-based compliance and the resulting impacts.

4.2.3 Finance

Apart from the capital expenditures related to building assumed units, Michigan’s total power system
costs during the study period amount to approximately S55 billion on a net present value basis in the
Reference scenario base case. This value serves mainly to provide context for the relative compliance
scenario costs presented in the sections below. In general, compliance scenario system costs vary from
the Reference scenario by single-digit percentage values. In the context of utility system planning, these
variations are substantial.

In the Reference case, there is no compliance obligation and therefore no need to sell or buy allowances
for compliance. Michigan sees no allowance costs and receives no revenue from the sale of allowances
in this scenario. Instead, the only source of revenue is exported power, from which the state gains
approximately $6 billion (NPV) over the study period. About half of expenditures in the power system
are for fuel ($31 billion), with the remainder split between O&M costs of EGUs (S25 billion), energy
efficiency programs ($3.3 billion), and the cost of imported power ($2.1 billion). Importantly, no capacity
is built in Michigan in the Reference scenario base case apart from capacity that is assumed to be added
in all scenarios. As such, no capital expenditures are represented in these costs.
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4.3 Existing+New Mass-Based Compliance

4.3.1 Energy Landscape

The Existing+tNew compliance Figure 13. (a: top) Capacity changes and (b: bottom) generation mix in Michigan
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below.

Expected generation within Michigan is illustrated in Figure 13(b). Compared with the Reference case,
coal-fired generation is seen to decrease significantly. Generation from coal within Michigan falls by
approximately 31 TWh between 2016 and 2022, and declines by a further 4.3 TWh over the remainder
of the study period. Some of this decline is due to expected retirements, but remaining coal-fired units
are also expected to run less given the additional expense of a price on emissions, which is established
in 2022 due to the restriction on emissions. This emissions price raises the variable cost of generation
for conventional fossil-fired resources. Because coal-fired generation is generally more carbon-intensive
than gas-fired generation on a per-MWh basis, the emissions price raises the price of coal-fired
generation relative to gas-fired generation. When combined with the slow growth in gas prices in the
base forecast, the imposition of an emissions price results in a sharp decline in coal-fired generation.
The general trends found in Michigan also hold true for the region as a whole. Regional generation from
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coal-fired units falls almost 40 percent from 2016 to 2022 while regional coal capacity falls by only 3
percent over the same period.

Across the region, gas-fired generation increasingly meets demand in early compliance years. In
essence, the region achieves compliance in early years by shifting from use of coal to use of gas. Some of
the increase in gas-fired generation comes from new NGCCs, primarily outside of Michigan. However,
existing combined-cycle units also increase their generation substantially within the model. In the years
2016-2021 (prior to the onset of the compliance period), existing gas-fired generators in Michigan
increase their output by over 50 percent. This increase, which occurs before the imposition of a
compliance requirement and therefore is likely a response to the changing relative variable prices of
coal- and gas-fired generation, translates to most existing NGCCs in Michigan operating at capacity
factors of 80 percent or more. The operational pattern seen in existing NGCC units in the early 2020s
leaves little room for additional increased generation from these units. Indeed, generation from existing
NGCCs is predicted to be lower in 2034 in this scenario than in 2021, with substantial increases in gas-
fired generation after 2022 resulting mainly from the use of new gas-fired units.

Notably, the increase in generation costs that results from a restriction on emissions causes generation
from simple-cycle CTs (which are not covered by the cap on emissions) to rise. The variable price of
generation of CT units is, under most circumstances, higher than that of coal-fired units or NGCCs. These
units are conventionally used only in peak demand hours. The impact of the emissions cap, however,
serves to bring the variable costs of NGCC units into relative parity with those of CTs. Although other
factors prevent CTs from generating as much as NGCCs,>? this shift in the relative economics of different

. . L unit types is one notable change that occurs due
Figure 14. Allowance price ($/ton) under Existing+New
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Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

32 Eurther discussion of this issue can be found in the Technical Appendix.

>3 MIso Policy & Economic Studies Department. 2016. “MISO’s Analysis of EPA’s Final Clean Power Plan Study Report: DRAFT”.
P57. Available online at: https://www.misoenergy.org/_layouts/MISO/ECM/Redirect.aspx?ID=224648.
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study region’s fuel mix is disproportionately coal-heavy compared to the nation at large. As such, a study
region with a lower proportion of existing coal-fired capacity would be expected to experience lower
allowance prices overall, given otherwise consistent assumptions.

Under the assumptions used here, the study region’s compliance strategy is observed to shift away from
gas and toward construction of new wind-powered generation once allowance prices rise above
$30/ton. This pattern is seen starting in 2028. Approximately 15 percent of the study region’s new wind
capacity is modeled as being built in Michigan. Due to siting considerations and other constraints, it was
assumed for all modeling that a maximum of 5 GW of new wind could realistically be constructed in
Michigan during the study period. In this case, that limit is reached in 2032—two years before the end of
the study period. In this scenario, wind power makes up 18 percent of Michigan’s generation by 2034.
Because Michigan is modeled as producing additional generation from wind power but experiences only
modest increases in load in the base case, this scenario finds Michigan’s total generation to be higher
than its load in all years. Therefore, Michigan is a net exporter of power for every year of this
compliance scenario.

4.3.2 Emissions

Figure 15. Michigan emissions from power generation in the Existing+New base In the base case of the
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Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016. this assumption, a regional

generation pattern that includes lower emissions within Michigan is found to be a least-cost strategy for
the region as a whole (including Michigan). As such, emissions from Michigan’s existing sources fall by
over 50 percent from 2016 to the end of the study period. This represents a drop in annual emissions by
over 30 million tons of CO; in 2034. Meanwhile, only about 6 million tons of CO, are emitted in 2034 by
new sources. In total, Michigan’s affected emissions are low enough that, on average, the state over-
complies with its goal by approximately 13 million tons of CO; yearly. Because Michigan’s emissions are
below the state’s cap, in-state entities have excess allowances that can then be sold to the state’s
trading partners.

Unaffected emissions, which are mainly from CTs, almost double (from about 3 million tons per year to
about 5 million tons per year) once compliance is required starting in 2022. Emissions from CTs do not
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affect Michigan’s compliance position. However, increased emissions from these relatively costly
sources reflect the finding that the compliance requirement increases the cost of generation for covered
resources, making otherwise expensive resources more favorable in comparison.

4.3.3 Financial Metrics

The financial analysis conducted in this study suggests that Michigan’s Figure 16. Net present value of

Michigan’s  allowance pool

power system as a whole would be less costly under Existing+New - .
under Existing+New compliance

compliance as compared to the Reference case. These results find that, in

the Existing+New compliance case, the state spends less on fuel and 15

more on capital than in the Reference case, primarily due to the 9

construction of new in-state wind infrastructure. Under this model E 12 S
construct, Michigan is able to export both power and emission §; e
allowances to its neighbors. As such, on a net present value basis, %‘é ?

Michigan realizes over $3 billion of net allowance revenue and @E
approximately $1 billion more net import/export revenue than in the EE 6

Reference scenario. When considering all changes in costs and revenues, :0_,

total power system costs are approximately $3.3 billion lower for fu 3

Michigan in the base case of the Existing+New compliance scenario than .

in the Reference case.

4.4 Existing Only Compliance

4.4.1 Energy Landscape

In the Existing Only compliance scenario, only the region’s existing affected sources must reduce their
emissions. Emissions from newly constructed EGUs are not constrained by Clean Power Plan-related
policies in this scenario. Moreover, this scenario does not include additional compensatory measures to
incentivize generation from existing NGCCs or non-emitting (renewable) EGUs. Without such measures,
leakage (the shifting of generation, and therefore emissions, from existing to new units) is heavily
incentivized. This scenario was included to demonstrate leakage and add context to the Model Rule
results presented below.

When combined with the moderate increase in gas prices expected in the base assumption set, the lack
of measures to prevent or attenuate leakage results in an increase in gas-fired generation in the region
at large and in minimal additions of renewable capacity.

In Michigan, capacity changes under the Existing Only compliance pathway are nearly identical to the
base case of the Reference scenario (Figure 17(a)). Because the emissions restriction in this scenario is
less comprehensive, emissions prices are lower than in the Existing+New scenario. The allowance prices
in this scenario were found to be insufficient to drive the substantial increase in wind capacity that is
seen in the Existing+New scenario. 5.3 GW of wind is built in the study region during the study period, of
which less than a gigawatt is in Michigan. The proportion of generation made up by wind is therefore
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relatively constant at 4-5 percent in Michigan and 5—-6 percent in the region as a whole over the entire
study period.

Compliance in this scenario is achieved almost exclusively using gas-fired generation. In the region as a
whole, over 50 GW of new gas capacity is added over the study period, with 35 GW of that capacity
added during the compliance period. On a regional basis, less new gas capacity is constructed in this
scenario than in the Existing+New scenario. This result is likely due to the lower emissions prices found
in this scenario, which imply a lower overall price of generation for existing resources and therefore a
lessened incentive to construct new resources.

Redispatch from coal to gas for compliance purposes can be observed clearly in Michigan’s generation
mix (Figure 17(b)). Coal-fired generation decreases from 52 TWh in 2016 to 26 TWh in 2022 and falls by
an additional 2 TWh over the course of compliance. As such, by 2034, coal-fired generation in Michigan
is less than half of its 2016 value. Meanwhile, gas-fired generation in Michigan grows from 29 TWh/year
in 2021 (before compliance is required) to 45 TWh/year in 2022 (during compliance). After 2022, total
gas-fired generation in Michigan remains relatively constant at this level for the entire compliance
period, representing approximately 40 percent of Michigan’s total generation mix. However, the

composition of the units
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mitigate leakage. This indicates that new NGCC units within Michigan respond as expected to the

incentive provided by an existing sources-only cap on emissions. Generation from uncovered CTs, by

contrast, does not increase to the extent seen in the Existing+New scenario. This result suggests that

when both CTs and NGCCs are uncovered sources, new NGCCs will be chosen preferentially.

4.4.2 Emissions

Total emissions from power
generation in Michigan over
the study period are 965
million tons of CO,, 32 million
tons higher than under
Existing+New compliance.
During compliance,
Michigan’s emissions from
new sources are modeled as
growing from 2.5 million
tons/year to 6.7 million
tons/year (Figure 18). By
2034, emissions from new
sources comprise 14 percent

Figure 18. Michigan emissions from power generation in the Existing Only base
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Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

of state emissions. As new sources are not covered by the cap in this scenario, emissions from new
sources do not affect Michigan’s compliance position.

Emissions from Michigan’s existing covered sources are, on average, 14 million tons per year lower than
the state cap in the Existing Only scenario. Therefore, Michigan still over-complies with its state goal and
is able to capture value by selling allowances. In fact, Michigan’s revenue from the sale of allowances
represents 28 percent of the value of its total allowance pool (on a net present value basis for the entire
compliance period), the highest of any scenario. However, because the price of allowances is low in this
scenario, Michigan realizes the least value from the sale of allowances on an absolute basis.
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Figure 19. Value of Michigan’s 4.4.3 Finance
allowance pool under Existing
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Figure 20. (a: top) Capacity changes and (b: bottom) generation mix in
Michigan under Model Rule compliance
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>4 Readers should note that the axis on this figure is consistent with that of the corresponding figure for the Existing+New
scenario (Figure 16 on page 41).
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generation (a policy known as output-based allocation), which acts as a financial incentive to generate.
Renewable EGUs are awarded allowances from a separate allowance pool (these allowances are called
renewable energy set-asides or RESAs), which similarly function as an incentive to these units.

The use of output-based allocations and RESAs was found to have a minimal impact on the capacity
build-out both within Michigan and in the region as a whole. On a regional basis, slightly less new gas is
built in this scenario as compared to the Existing Only scenario; however, the difference is very small
(approximately 1.2 GW as compared to approximately 50 GW total). More wind is built in the Model
Rule scenario than in the Existing Only scenario, but the increase is less than a gigawatt. The capacity
build-out within Michigan (Figure 20(a)) is identical between the two scenarios.

Given an assumption of moderately increasing gas prices, generation from both existing and new gas-
fired units increases over the study period. Generation from existing gas-fired units within Michigan
(Figure 20(b)) increases from 20 TWh/year to 33 TWh/year between 2016 and 2022. This increase in gas-
fired generation primarily displaces generation from coal, resulting in reduced emissions in advance of
the compliance period. During compliance, generation from existing gas-fired units falls gradually before
stabilizing at approximately 25 TWh/year for the years 2029-2034. Generation from new in-state gas-
fired units increases from 5 TWh/year to 16 TWh/year over the course of compliance. Meanwhile, wind-
powered generation is essentially stable throughout the study period, and never represents more than 5
percent of Michigan’s generation mix in this scenario.

As such, it can be concluded that, as in the Existing Only scenario, compliance in this scenario is achieved
almost exclusively by replacing coal-fired generation with gas-fired generation. This is true both within
Michigan and in the region as a whole. Generation from new NGCCs in Michigan plays a marginally
lesser role in this scenario than in the Existing Only scenario. By 2034, 16 percent of Michigan’s total
generation is provided by new gas-fired EGUs, as compared to 17 percent in the Existing Only scenario
and 14 percent in the Existing+New scenario.

Notably, the proportion of Michigan’s generation from existing NGCCs is greatest in this compliance
scenario, representing 24 percent of Michigan’s total generation under Model Rule compliance versus
22 percent in the Existing Only scenario and 19 percent in the Existing+New scenario. These results
suggest that the leakage mitigation mechanisms found in the Final Rule are effective to some degree in
incentivizing generation from existing NGCCs.
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4.5.2 Emissions

At 976 million tons of CO,,

Figure 21. Michigan emissions from power generation in the Model Rule base L ,
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Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016. (Figure 21). On average,

Michigan’s existing sources
would have room to emit an additional 13 million tons of CO, every year. In other words, Michigan
complies by a narrower margin in this scenario than in the Existing Only scenario, reflecting the overall
increase in state emissions. Accordingly, Michigan realizes a smaller proportion (26 percent) of the
potential value of its allowance pool as revenue. This proportion is nonetheless larger than the
proportion of total allowance value realized as revenue in the Existing+New scenario (24 percent).
However, because the price of allowances is lower in this scenario than in the Existing+New scenario,

Michigan’s revenue from allowances in this scenario is smaller in absolute terms (Figure 22).>°

Figure 22. Value of Michigan’s The resource mix responsible for Michigan’s emissions in this scenario, as

allowance pool under Model Rule .\ nared to the others, provides interesting insight into the effects of

compliance output-based allocations and RESAs. Total emissions during the study
15 period from in-state sources in the Model Rule scenario are 6 million tons

3 higher than in the Existing Only scenario. Indeed, total study-period
% 12 emissions from Michigan’s existing covered gas-fired EGUs increase by
§3 approximately 32 million tons between the two scenarios (while
io % 9 sold emissions from coal-fired generation decrease). As above, this suggests
%5 Qur-of that output-based allocations do have an impact on the generation
EE 6 patterns of existing NGCCs. However, given the gas price trajectory
"g ; assumed in the base case, this impact is insufficient to prevent the
T construction of significant amounts of new gas-fired capacity in the
o region. Thus, leakage occurs despite the mechanisms employed to

3> Readers should note that the axis on this figure is consistent with that of the corresponding figure for the Existing+New
scenario (Figure 16 on page 41).
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prevent it. Within Michigan, total emissions during the study period from new sources are only 1 million
tons lower in the Model Rule scenario than in the Existing Only scenario.

Meanwhile, the total effective incentive for renewable energy generation (the sum of the price of
emissions that existing sources must pay and the effective per-MWh value of RESAs received by
renewable sources) is much lower Figure 23. Total incentive for renewable energy generation under Existing+New
than the price on emissions in the and Model Rule compliance scenarios

Existing+New scenario (Figure 23). 70
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gas price forecast assumed here.

Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.
4.5.3 Finance

In this scenario, Michigan spends modestly less on fuel and station O&M as compared to the Reference
case, and wheels more power, both importing and exporting more than the Reference case. The total
savings of the scenario are almost exactly equal to the value of Michigan’s out-of-state sales of
allowances. In sum, the Model Rule scenario is approximately $1 billion less costly than the Reference
case but approximately $2.2 billion in costlier than the Existing+New compliance scenario.

4.6 Compliance Trends

4.6.1 Energy and Emissions

The modeling results presented here demonstrate important differences between mass-based
compliance paths. The energy landscape in Michigan is found to be nearly identical between Existing
Only compliance and Model Rule compliance, regardless of the use of output-based allocations and
RESAs to mitigate leakage. Notably, both scenarios bear a strong resemblance to the Reference
scenario. No incremental units within Michigan are selected endogenously in the Reference, Existing
Only compliance, and Model Rule compliance cases, meaning that all three scenarios see identical
capacity build-out trajectories in Michigan. This modeling suggests that, within Michigan, the main
impact of a compliance requirement covering only existing sources is likely to be a depression of coal-
fired generation and promotion of gas-fired generation. In 2034, Michigan’s coal-fired units produce 38
TWh in the Reference scenario as compared to approximately 25 TWh under the two compliance paths
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that apply to only existing Figure 24. Allowance prices under different compliance paths
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prices on emissions in this

scenario than are seen in the Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.
other compliance scenarios (Figure 24). High emissions prices alter the relative economics of different
generating resources in favor of renewable generators. Therefore, more new renewable energy
(primarily made up of wind-powered generation) is built in this scenario than in any other base case. In
the Existing+New compliance scenario, wind energy makes up almost a fifth of Michigan’s generation
mix by the end of the study period. High emissions prices also raise the value of Michigan’s allowance

pool, as discussed below.

The Existing+New scenario is the only base scenario which sees a net addition of generating capacity
within Michigan. By contrast, the Reference, Existing Only, and Model Rule scenarios all project a net

Figure 25. Net energy purchases by Michigan from neighboring states (positive decrease in Michigan’s in-state
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neighbors are projected to have constructed considerable amounts of cheap gas-fired capacity. By
contrast, Michigan becomes a net importer in the early 2030s in the Existing Only and Model Rule
compliance scenarios. A comparison of Michigan’s net domestic import/export position in different
scenarios can be found in Figure 25. The additional revenue from exports and reduced spending on
imports in the Existing+New scenario contribute to the high total savings realized by Michigan under this
compliance path.

4.6.2 Finance

Detailed financial results Figure 27. Cost implications of different compliance scenarios as compared to the
comparing each compliance Reference base case
scenario are shown in Figure

$9
27, which separates net savings
into changes in utility spending $6 Allowance Sales
on cost categories, including 3 o Net Savings
station-related fixed and 3 . —

. . — Fuel
variable costs and interstate =§ $0 — . _éo&m
transfers. Notably, every Clean & {\

Power Plan compliance £ 3 Imports
[y

scenario analyzed here results 56)

in decreased overall spending

on the power system within ($9)

s . Model Rule Existing Only Existing+New
Michigan relative to the Base Bace Base

Reference case. In the Model

Rule and Existing Only Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

scenarios, net savings consist in large part of the savings in total fuel costs expected given a shift from

coal-fired generation toward more-efficient natural gas generation. These scenarios do not incur any

change in capital costs, as no new power plants are built that are not also built in the Reference case.

Nonetheless, coal plants run less often—and natural gas plants run more often—than in the Reference
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As described above, the proportion of the value of Michigan’s allowance pool that is realized as revenue
is lowest in the Existing+New scenario. However, that scenario also presents the highest total value of
the revenue gained through out-of-state sales of allowances (Figure 26). This is because allowance
revenue is a function of both allowance price and the number of allowances required by in-state
generators. Importantly, while factors such as choice of study region may affect allowance prices, they
are likely to do so in a consistent manner. As such, it is likely that even if allowance prices were lower in
all compliance scenarios, total revenue from the sale of allowances would still be maximized under
Existing+New compliance.

4.7 High EE Sensitivity

4.7.1 Reference Case vs. Existing+New Compliance

In the High Energy Efficiency Figure 28. Generation mix in Michigan in the Reference High EE sensitivity case
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the increased energy efficiency  source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.
trajectory only affects load

within Michigan, however, the impact on the region’s capacity build-out and generation mix is minimal.

In the Reference case, Michigan’s capacity build-out is found to be identical with and without increased
implementation of energy efficiency (thus, the change in capacity is not shown as it is identical to the
Reference base case). As seen in Figure 28, the primary generation impact is a moderate decline in gas-
fired generation in later years due to decreased demand. Overall, with lower demand in Michigan,
modeling results suggest that the state’s generators would choose to serve more out-of-system load,
increasing net exports, as opposed to simply generating less. As such, the higher energy efficiency
trajectory does not substantially impact the amount of generation provided by in-state EGUs.
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Under Existing+New compliance, Figure 29. (a: top) Capacity changes and (b: bottom) generation mix in
the decrease in total system load Michigan under Existing+New compliance in the High EE sensitivity case
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effect is especially pronounced
within Michigan (Figure 30). In the Reference scenario, increased energy efficiency leads to annual

emissions decreases of 3—11 percent as compared to the base case. This ultimately results in a total
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cohort of units are below the comprehensive cap through 2029, despite the fact that no compliance
requirement is imposed in the Reference case.

The impact of energy efficiency on emissions given Existing+New compliance is modest, totaling a
reduction of 14 million tons CO, during the study period, primarily as a function of the increased exports
from Michigan.

4.7.3 Finance

The sensitivity results suggest that energy efficiency reduces overall costs for Michigan. These results
are summarized in Figure 31, which shows total savings by category as compared to the base Reference
scenario. Negative values represent increased spending versus the Reference base case. Savings are
shown for the Reference High EE sensitivity case, the Existing+New High EE sensitivity case, and the
difference between the two. This difference, which is labeled Existing+New (incremental), demonstrates
the impact of compliance as isolated from the impact of the sensitivity case policy.

Figure 31. Cost implications of High EE sensitivity cases as compared to the In the Reference scenario,

Reference base case Michigan’s power system costs
59 are lower in every category as
Allowance Sales ~ compared to the base case,
$6 i ) with  the  exception of
Net Savings . .
— . increased spending on energy
¥ — ici
= e efficiency as compared to the
~ —
5 50 % | | | Fuel base efficiency trajectory. The
8 — “"C total cost of the incremental
‘g" ($3) energy efficiency assumed in
I 1 . e .
3 mpors the High EE sensitivity is
$6 . -
¢9 approximately $900 million on
($9) a net present value basis. In
High EE ExistingtNew ExistingtNew addition to reduced spending
(Incremental) High EE . .
on in-state EGUs and imported
Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016. power, Michigan gains more

revenue from exports in the High EE sensitivity case. In sum, Michigan’s spending on the power system
is reduced by a total of $670 million in the Reference case through implementation of increased energy
efficiency.

In the Existing+New scenario, the reduction in generation by fossil-fired units leads to a slight decrease
in the price of allowances in most years. Because lowered allowance prices suggest lower demand for
allowances, these results can be interpreted as the use of energy efficiency to meet compliance in part.
Michigan realizes slightly less revenue from the sale of allowances than in the base case, but increased
export revenue and decreased fuel costs are found to offset the reduction, resulting in overall lower
system costs. Overall, spending on Michigan’s power system is $4.9 billion less in the High EE case of the
Existing+New compliance scenario than in the Reference base case, of which over S4 billion can be
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ascribed to the implementation of compliance rather than energy efficiency. Notably, this incremental

compliance benefit is greater than the total savings of the base Existing+New base case as compared to

the Reference scenario. This result suggests that compliance reduces system costs by a greater degree in

the presence of additional energy efficiency than in its absence. Some of this impact can be explained by

the delay in construction of new wind power discussed above. Because this study examines total system

costs on a discounted net present value basis, delaying expenditures has the effect of reducing their

impact on total system costs.

4.8 Additional Coal Retirements Sensitivity
4.8.1 Reference Case vs. Existing+New Compliance

Figure 32. (a: top) Capacity changes and (b: bottom) generation mix in Michigan in
Reference Additional Coal Retirements sensitivity case
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The Additional Coal
Retirements  sensitivity s
defined by the assumption
that an incremental 3.7 GW of
coal-fired generation within
Michigan retires during the
study period as compared to
the base case. These
retirements occur in the later
years of the study (2029 and
thereafter). Accordingly, the
early years of these sensitivity
scenarios are very similar to
the base cases. As coal
capacity is removed from the
system toward the end of the
study, 2.7 GW of new in-state
gas-fired capacity is added
endogenously in the
Reference case (Figure 32). In
total, the Additional Coal
Retirements case of the
Reference scenario projects
over twice as much new gas in
Michigan as the base case.
These modeling results

suggest that additions of new gas-fired units to compensate for the loss of coal-fired units is a least-cost
path. Importantly, however, the model does not contemplate factors such as additions of gas pipeline

capacity that may be necessary to support new units.
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Under Existing+New compliance, Figure 33. (a: top) Capacity changes and (b: bottom) generation mix in Michigan
Michigan is also observed to add under Existing+New compliance in the Additional Coal Retirements sensitivity case
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4.8.2 Emissions Figure 34. Emissions from existing and new sources in Michigan in the Reference
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resources increasingly supply generation.

Under Existing+New compliance, Michigan emits 30 million fewer tons of CO, from power generation
during the study period in the Additional Retirements sensitivity than in the base case. The decrease in
coal-fired generation leads to a 46 percent drop in emissions from Michigan’s existing sources during
the compliance period. Michigan’s compliance position benefits from additional coal retirements, which
allow the state to leverage an over-compliance buffer of 15 million tons CO,/year on average. The
existence of this buffer suggests that even if more new gas-fired capacity were to be built in-state to
replace retiring coal units, Michigan’s compliance position would be secure. However, because
emissions from affected sources are lower in this sensitivity case, there is less demand for allowances
and the total value of Michigan’s allowance pool decreases by about $370 million as compared to the
base compliance case.

4.8.3 Finance

Michigan’s total power system costs decline versus the base cases when the additional coal retirements
identified in this study are assumed. The cost of the power system decreases relative to both the
Reference base case and the base case of Existing+tNew compliance (Figure 35). Additional coal
retirements in the Reference scenario result in decreased spending totaling approximately $1.0 billion,
as increased expenditures on capital and imports are more than offset by decreased spending on fuel
and O&M. An incremental $4.2 billion in net savings results from implementing the Existing+New policy
in the context of accelerated coal retirements. The coal retirement trend is observed to increase
Michigan’s emissions allowance revenue by enabling Michigan to further over-comply with its Clean
Figure 35. Cost implications of Additional Coal Retirement sensitivity cases as Power Plan targets, despite
compared to the Reference base case lower overall allowance prices.
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Source: MPSC/MDEQ EPA 111(d) Impact  Analysis, 2016. costly scenario of all those

modeled for this study.
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4.9 High Gas Sensitivity

4.9.1 Reference Case vs. Existing+New Compliance

Natural gas prices are one of the key assumptions in this study. As such, the High Gas sensitivity case
results are different in important ways from the results of any other scenario modeled here. Because
the gas price forecast used for this sensitivity diverges from the base case assumption after 2019,
changes from the base case are only seen in 2020 and later years.

In the Reference case, higher gas Figure 36. Generation mix in Michigan in the Reference High Gas Price sensitivity
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is observed to gradually build
back to 2016 levels (which are still
low historically) by 2030. Gas-
fired generation stays relatively stable throughout the study period. The generation mix for Michigan in
the High Gas case of the Reference scenario is shown in Figure 36. The capacity build-out is identical to

Source: MPSC/MDEQ EPA 111(d) Impact Analysis, 2016.

the base Reference case and not shown here.

Modeling results for the High Gas sensitivity of the Existing+New compliance scenario present a
different strategy to meet compliance requirements than is seen in other compliance cases (Figure 37).
As in the other compliance scenarios, the imposition of a limit on emissions is seen to lead to a steep
decrease in coal-fired generation. After 2022, coal-fired generation stays at a steady and minimal level
throughout the compliance period. Initially, generation is redispatched to gas as the first observable
compliance method, a pattern which is seen in other compliance scenarios as well. However, as gas and
allowance prices rise, wind-powered generation becomes a more attractive mitigation option. As such,
new wind capacity is brought online in earlier years than is observed in any other case. Additions of new
wind capacity and wind’s role in Michigan’s generation mix both increase steadily after 2024 (two years
after the onset of the compliance requirement). Increasing generation from wind takes the place of
decreasing gas-fired generation.
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The assumed 5 GW limit on new Figure 37. (a: top) Capacity changes and (b: bottom) generation mix in
wind in Michigan is reached in Michigan under the Existing+New compliance High Gas Price sensitivity case
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4.9.2 Emissions Figure 38. Emissions from existing and new sources in Michigan in the Reference
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by the end of the study period. In Reference scenario, Michigan is found to exceed its state-specific cap
starting in 2026. By 2034, the state’s existing and new sources would have to reduce their emissions by
almost 20 million tons, or about 28 percent, in order to meet EPA’s target.

Under Existing+tNew compliance, however, higher gas prices have the effect of reducing Michigan’s
emissions as compared to the base case. Total emissions from power generation during compliance in
the High Gas sensitivity case are 25 million tons lower than in the base case. This allows Michigan to
have more room under its emissions cap. The state over-complies by 15 million tons on average during
the compliance period. Higher gas prices also increase demand for allowances from the region as a
whole, leading to higher emissions prices. The resulting worth of Michigan’s allowance pool is over $15
billion, which is the highest value of all the scenarios in this analysis.

4.9.3 Finance

Despite high allowance prices,
comparatively high gas prices
are found to increase total
$9 power system costs in

Allowance Sales
$6 Michigan (Figure 39).
Unsurprisingly, higher natural

Figure 39. Cost implications of High Gas Price sensitivity cases as compared to the
Reference base case
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price regime also decreases
Source:  MPSC/MDEQ ~ EPA  111(d)  Impact  Analysis, ~ 2016. the incremental  savings
associated with instituting the
Existing+New policy. Since natural gas more expensive in this scenario, and increased coal generation is
incompatible with Clean Power Plan policies, Michigan spends more on the construction of new,
renewable generation resources than in any other scenario. However, the incremental Existing+New
policy still results in $3.1 billion in savings as compared to the Reference base case. Importantly, the
High Gas Existing+New sensitivity case sees total system costs that are $4.9 billion lower than the High
Gas Reference case, primarily due to increased export and emission allowance revenues. This result
indicates that, given consistent sets of assumptions, Existing+New compliance is likely to be lower cost
than the Reference case even in the presence of factors that lead to an increase in system costs

generally.
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4.10 Sensitivity Trends

The sensitivities analyzed here suggest that the impacts of compliance are directionally robust.
Existing+New compliance results in increases in wind capacity in Michigan and decreases in total system
costs in all sensitivity cases. This trend holds regardless of whether system costs are otherwise higher (as
is the case in the High Gas sensitivity) or lower (as in the High EE and Additional Coal Retirements
sensitivities) than the base case. Moreover, savings are observed under compliance even given lower
allowance prices, as are found in the High EE and Additional Coal retirements sensitivities as compared
to the base case (Figure 40). Decreased allowance prices in these sensitivities arise due to decreased
demand (in the High EE sensitivity) or emissions (in the Additional Retirements sensitivity). In all cases,
Michigan’s ability to gain revenue by exporting allowances results in total savings.

Similarly, the High EE and Additional Coal Retirements sensitivities are observed to lower system costs
regardless of the presence or absence of a compliance requirement. However, the reasons underlying
these trends differ. The High EE sensitivity reduces demand and, therefore, overall spending on the
power system (despite increased spending on energy efficiency). Reduced demand also allows capital
expenditures on new units to be delayed in the Existing+New compliance scenario, lessening their
impact on a net present value basis.

Additional coal retirements demand additional builds of new units in Michigan in both the Reference
and Existing+New compliance cases as compared to the base cases. Results from the Additional Coal
Retirement sensitivity indicate that, given an expectation of slow growth in natural gas prices, Michigan
may see lower system costs by replacing coal-fired generation with gas-fired generation (or a mix of gas
and wind). However, a scenario combining additional coal retirements with a high gas price trajectory
was not examined in this study.

The results presented here suggest that the possibility of substantial increases in natural gas prices
poses a risk to Michigan and Figure 40. Allowance prices under different compliance paths

the region at large. In the 70
Reference scenario, relative +High Gas
increases in natural gas prices & ) Existing+New
make gas-fired generation less = 50 ;:Sd" Coal
favorable, leading to g
increased coal-fired 3 40
generation. Because shifts in % 30
generation from coal to gas is §
found to be a prominent <=cc) 20
compliance mechanism, 10
compliance is costlier in the
0

high gas price scenario than in

2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

the base case. Increased gas

prices lead to increased ¢,  MPsc/MDEQ  EPA 111(d) Impact  Analysis,  2016.
allowance prices and an

(" Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 58




accelerated build-out of renewable energy. The paired constraints of compliance and higher gas prices
lead Michigan to rely on imports and more expensive renewable resources in the early 2030s to meet
capacity and compliance requirements. Combined with the direct impact of higher fuel prices, these
effects raise spending on the power system overall. The risk of reliance on natural gas as a singular
compliance mechanism should be considered in decision making.
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5. CONCLUSIONS

Modeling suggests that Michigan’s least cost compliance path is to trade allowances under a mass-
based emissions cap covering both existing and new sources.

Michigan’s participation in allowance trading could provide substantial revenues to the state in the form
of excess allowances. The model finds that Michigan would likely comply with a mass-based cap by
shifting generation from existing coal-fired resources to existing gas-fired resources in early years, and
building new renewable resources at higher emission cost price points. If Michigan chooses a
compliance path that covers both existing and new sources, its dominant compliance strategy in later
years is to build new wind-powered generation. However, if Michigan’s compliance path covers only
existing sources, it relies primarily on existing and new gas-fired generation in later years, resulting in
increased emissions from covered and uncovered sources, and less benefit from a robust allowance
market.

Complying with the Clean Power Plan reduces costs for Michigan relative to a case with unrestricted
emissions.

Every compliance case modeled in this study results in savings in the energy system as compared to the
Reference scenario. These savings come from both increased revenue (from exports of power and sales
of allowances) and decreased spending (on imports, fuel, and O&M). Clean Power Plan compliance is
likely to result in significant net savings in Michigan even if future natural gas prices are higher than
anticipated. The greatest savings are realized under a policy that encompasses both new and existing
sources of emissions. Implementing complementary policies to encourage energy efficiency and
accelerate coal retirements could substantially increase savings. The reduced costs for Michigan
compliance are realized if Michigan trades with less well-positioned neighboring states.

Michigan can act as an exporter of both allowances and energy.

Demand for emission allowances could be high amongst Michigan’s neighboring states if those entities
do not see significant retirements. By shifting generation primarily from its existing coal-fired resources
to its existing gas-fired resources, Michigan may export both power and surplus allowances. However, if
Michigan and its neighbors use a compliance cap that covers only existing sources, Michigan’s in-state
generation may be out-competed by relatively low-cost gas-fired generation in neighboring states by the
early 2030s, causing Michigan to become a net importer of power.

A more comprehensive cap on emissions creates higher demand for allowances. Higher demand raises
the value of Michigan’s allowance pool, leading to increased revenue from allowance sales. Higher
allowance prices also level the playing field for renewable energy. Modeling suggested that Michigan
would build up to the 5 GW cap on new wind in-state. This outcome only occurred in the compliance
paths that limited emissions from both existing and new resources. Increased in-state generation from
renewable resources in later years means that Michigan can remain a net exporter of power as well as
allowances through the mid-2030s.
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Michigan can comply even without trading, but doing so may be costly.

According to the modeling here, Michigan is close to mass-based compliance in the Reference case (i.e.,
without any constraint on emissions) — primarily as a function of low gas prices. Therefore, if gas prices
remain near the estimated base case modeled here, Michigan could theoretically comply without
entering a trading construct, but would lose any opportunity to realize revenues from the sale of excess
allowances. Under any of the emissions constraints, Michigan over-complies by a meaningful margin and
thus has excess allowances available to trade. By giving up this source of revenue, compliance would
become more expensive for Michigan. Along the same lines, the sizable gap between Michigan’s
emissions and its cap in most compliance scenarios implies that were Michigan to join a trading region,
it would have room to comply even if important factors were to change in a way that would lead
Michigan to emit more (for example, if Michigan’s neighbors didn’t build as much new gas-fired
capacity).

The analysis finds that if Michigan enters a mass-based trading regime with other states seeking mass-
based allowances, the state would see substantial revenue from the allowance market — thus realizing
savings through the compliance pathway. Energy efficiency and the retirement of less-economic coal-
fired units provide a benefit to Michigan even in the absence of the Clean Power Plan, but the state is
able to harness yet additional savings under a compliance plan if these complementary policies are
pursued as well. If it pursues a multi-state mass-based trading scheme covering both existing and new
sources, Michigan’s strong compliance position means that it is poised to not just comply with but also
benefit from the Clean Power Plan.
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FOREWORD

This Technical Appendix document accompanies the main Michigan Compliance Assessment for the
Clean Power Plan report.
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APPENDIX |I: MODELING

System Optimizer model structure

For this analysis, Synapse supported Michigan’s state planning process with the use of an industry-
standard utility-scale capacity expansion model, System Optimizer from ABB. System Optimizer is a linear
program solver with a high level of detail, able to optimize specific electric generating unit (EGU) build
and retire decisions, cost-effective energy efficiency, unit retrofit decisions (such as heat rate
improvements), emissions trading programs, and mass-based emissions targets. The System Optimizer
data structure can also be used to drive detailed hourly unit-commitment dispatch modeling using the
PROSYM engine or evaluate stochastic uncertainty using the Planning and Risk (PaR) module. The System
Optimizer model is used for Integrated Resource Planning (IRP) and discrete resource decisions by some
of the largest and most complex multi-state utilities, including PacifiCorp, Duke, and TVA.

Topology

System Optimizer models the power system as a series of balancing authorities, called “transmission
areas” (TA), connected by transmission lines. Each TA includes generation resources and a load based on
the power companies sited within that area. There are no transmission constraints within a TA, only
between TAs. Synapse modeled the state of Michigan as two TAs: the Upper Peninsula and Lower
Peninsula.

This study models Michigan and its surrounding states. The electricity trade between Michigan and its
neighboring states present an important dynamic going forward, and may shift as a function of new
resources being built in different states. As a consequence, imports and exports, as well as emissions, may
change over time based on the development of different resource trajectories. The model sought to
capture this dynamic by modeling a cohort of interconnected states, including Michigan, Wisconsin,
Minnesota, lowa, lllinois, Indiana, and Ohio, as well as smaller portions of other states as dictated by the
structure of the electricity system. System Optimizer dispatched power plants in each year and made
decisions about what new power plants to build in all of these states.

For simplicity, it was assumed that imports and exports from the study region to other parts of the US and
Canada were fixed at a constant level, calibrated from a production cost model run. The fixed imports and
exports to the study region transmission areas are as follows in Table A1, below.?

! Domestic imports and exports were fixed based on a single year production cost run, while Canadian transfers were fixed
based on historical data.
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Table Al. Study area imports and exports by transmission area (GWh)

Imports Exports Net

to: from: Imports
MISO-MN 11,694 1,146 10,548
MISO-1A 309 222 87
MISO-GAT 1,689 9,100 (7,411)
PJM-DEOK 416 - 416
PJM-AEP 569 31,493 (30,924)
PJM-ATSI 2,960 5,532 (2,572)
International 6,165

Reserve margin

System Optimizer builds new capacity to serve load and in order to ensure a reliable level of supply will
build new power plants to meet a specified reserve margin. Synapse used a multi-tiered approach for
establishing reserve margins, setting requirements both at the control area level and the transmission
area level.

e Control area is PJM or MISO-wide, and all resources in the respective regions contribute
to the control area’s total available capacity as compared to the total regional coincident
peak load. For the purposes of this study, control area requirements were set for MISO
and PJM separately, with MISO required to maintain an overall level of 14.3 percent, and
PJM at 15.6 percent.?

o Transmission areas (TAs) are equivalent to one or more balancing authorities and are
represented in the model for transmission purposes (i.e. transmission between TAs obeys
thermal constraints, transmission within TAs is unconstrained). TA’s are contained within
control areas.

PJM and MISO also perform more detailed analysis to determine local area requirements, incorporating
congestion impacts based on a more detailed analysis than a long-term planning tool like System
Optimizer can consider. MISO refers to this as the development of Local Reliability Requirements (LRR)
for Local Resource Zones (LRZ).3 For example, in any given resource adequacy auction, some regions may
be import constrained while others are not. MISO calculates import limits (IL) which are used in the
determination of the amount of capacity required in each zone.

Capacity expansion models, used for planning purposes, are not the appropriate tools for zonal reliability
analysis. In this study, we ran a single year production cost run, and reviewed actual reserve margins in
each TA. This is our softer version of running the RTO’s resource adequacy analysis. We then implemented

2 MIso Planning Year 2015-2016 Loss of Load Expectation Study Report.
www.misoenergy.org/Library/Repository/Study/LOLE/2015%20LOLE%20Study%20Report.pdf; 2014 PJM Reserve
Requirement Study. October 2014. www.pjm.com/~/media/planning/res-adeq/2014-pjm-reserve-requirement-study.ashx.

3 The MISO portion of Michigan is represented by MISO LRZ 7 and includes both Consumers Energy and Detroit Edison.
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those same reserve margins in System Optimizer, held constant across all years, as identified in Table A2.
The transmission area reserve requirement constraint in Table A2 is meant to reflect these
considerations. A negative value means a region has historically held less capacity than its peak load. Using
these values preserves the historical relationship between available capacity and peak coincident load,
and should not be construed to imply that this study has conducted a long-term reliability assessment.

Resources and loads contribute to both the control area and TA constraints simultaneously. This
methodology ensures that all new capacity resources are not built in a single transmission area (in which
case the transmission area requirements might not be met). By using this methodology, the study ensures
that TAs do not balloon in capacity where capacity resources would otherwise be shared across multiple
TAs (as is the case today). These values are an approximation of the more detailed analysis RTOs conduct
to determine to maintain local area reliability.

Table A2. Study transmission area planning reserve margin calibrations

MISO - Gateway 14%
MISO - Indiana 14%
MISO - lowa 14%
MISO - Michigan 14%
MISO - Minnesota 14%
MISO - WI 14%
PJM - AEP 20%
PJM - ATSI -12%
PJM - COMED 22%
PJM - DEOK -14%

Cost of capital and capital recovery factors

Modeling assumed a weighted average cost of capital (WACC) as a straight average of recent values used
for DTE (6.59 percent) and Consumers (6.70 percent).* This results in a nominal value of 6.64 percent, or
4.65 percent in real terms. Capital recovery factors were based on resource book lives as published by
Lazard.®

Environmental compliance costs

Synapse incorporated expected fixed and variable operations and maintenance costs associated with
required environmental upgrades over the study period, based on data collected in the Synapse Coal Asset

Valuation Tool.b

4 M1 PSC Case No. U-16794 (Consumers) and MI PSC Case No. U-16492 (DTE).
> Lazard. “Lazard’s Levelized Cost of Energy Analysis—Version 9.0.” November, 2015.

6 http://www.synapse-energy.com/project/synapses-coal-asset-valuation-tool
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Energy efficiency costs

Base year energy efficiency costs are based on first year savings and spending data as provided by MPSC
Staff. Costs start at $0.018/kWh and increase to $0.036/kWh in 2020 due to assumptions related to the
Federal Lighting Standards, remaining flat thereafter.”

Cap development

All compliance cases in this analysis assumed regional trading under a mass-based cap on emissions. The
Existing Sources cases apply a cap to all affected existing units. In the state of Michigan, we cross-
referenced EPA’s listing of affected units with units in the ABB power plant database to ensure only units
explicitly regulated by the EPA under the Clean Power Plan would face the cap. We made the simplifying
assumption that all existing units in the remaining states would fall under the cap—including some small
CTs and oil-fired units that otherwise would not.

The Existing+New cap applied to all of the units above, as well as new gas combined-cycle units built
region-wide. No new affected units were built using other fuels (i.e., coal).

The cap was calculated as the sum of EPA state targets, as specified in EPA’s Clean Power Plan Final Rule
Technical Support Document Appendix 5.2

Some of the transmission areas modeled in this analysis overlap state boundaries, and as a result included
power plants in states beyond the seven primary states in our study region. These plants in aggregate
represented 7 percent of the emissions of their respective states in 2022, the first year of the policy. We
allocated 7 percent of the caps of those states to the overall regional cap.

72014 Report on the Implementation of P.A. 295 Utility Energy Optimization Programs, in Compliance with Public Act 295 of
2008; Michigan Public Service Commission (2015) 2015 Report on the Implementation of P.A. 295 Utility Energy Optimization
Programs, in Compliance with Public Act 295 of 2008.

8 EPA. 2015. Clean Power Plan Final Rule Technical Documents. “Data File: Goal Computation Appendix 1-5 (XLSX)”. August
2015. https://www.epa.gov/cleanpowerplan/clean-power-plan-final-rule-technical-documents.
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Table A3. Study area emissions caps (tons CO,)

Existing New Sources Total
2022 452,597,502 - 452,597,502
2023 436,133,443 1,443,303 437,576,746
2024 414,877,608 4,166,273 419,043,881
2025 406,019,260 5,034,461 411,053,721
2026 396,428,833 5,971,483 402,400,316
2027 384,876,371 7,918,130 392,794,501
2028 377,570,958 6,578,694 384,149,652
2029 369,648,031 5,341,102 374,989,133
2030 360,889,216 4,020,297 364,909,513
2031 360,889,216 4,020,297 364,909,513
2032 360,889,216 4,020,297 364,909,513
2033 360,889,216 4,020,297 364,909,513
2034 360,889,216 4,020,297 364,909,513
2035 360,889,216 4,020,297 364,909,513
Calibrations

Synapse compared the modeled annual level of generation to historical levels at a number of major
generating facilities in Michigan. In some cases, modeled generation was well above or below historical
levels. Such differences are caused by a number of factors, including the model not accurately reflecting
all operational parameters or contracts or fully reflecting the dispatch at cogeneration units. Synapse
implemented dispatch price adders as calibration factors in order to ensure modeled generation at these
Michigan units was accurately represented and held these calibration factors constant in all model runs.

Under our initial implementation of Existing+New compliance, generation from uncovered combustion
turbines increased dramatically. This result is not unexpected: units covered by the policy see their
effective operating costs increase in proportion to the shadow price of CO2, which is on the order of $20
to $40 per ton of CO2. This raises the variable generation costs of covered units to within or even above
the range of costs generally seen by relatively-expensive CTs, leading to an environment in which CTs
appear to be cost-competitive even at low-demand hours and therefore are on for much more of the year.
It was confirmed with representatives from Consumers Energy that permitting limits prevent CTs from
running at these high capacity factors.

Rather than model constraints on a plant-specific basis, Synapse imposed an aggregate cap on the amount
of emissions from these units, in addition to a set of unit-specific dispatch cost adders. This combined
approach is necessary to prevent a few low-cost units from consuming most of the emissions cap and
operating at very high capacity factors. This aggregate emissions cap was set at a level equivalent to a 10
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percent capacity factor. The dispatch adders adjust overall operating costs by up to $10 per MWh.® These
dispatch adders are imposed in 2022 and held constant throughout the remainder of the study period.
This should be thought of as an extension of our earlier calibration efforts.

This approach limits the increase in operation of these CTs (43 units in total) such that no unit has a
capacity factor greater than 20 percent in any year. Since allowance prices in Existing Only and Model Rule
compliance scenarios do not rise to the high values seen in Existing+New compliance scenarios, this
calibration step is not strictly required for these scenarios. However, the adjustment was maintained for
consistency across scenarios. The same adjustment was used for all compliance scenarios, including
sensitivities.

Model Rule iteration procedure

Model Rule compliance scenarios rely on the assumption of a value for output-based allocation (OBA) and
renewable energy set-aside (RESA) allowances. The value of these special allowance types depends on
the clearing price of allowances as a whole, which varies depending on the amount of generation by
emitting units. However, in the System Optimizer model structure, emitting units will generate differently
depending on their total variable costs relative to the variable costs of all other units. In other words,
awarding OBAs and RESAs to some units at a given value changes how much all units in the model run,
which therefore changes the clearing price of allowances and thus the value of OBAs and RESAs.

Because of this circularity, it was necessary to use an iterative procedure to arrive at a stable allowance
clearing price. For each Model Rule compliance scenario (i.e., the base scenario and all of the sensitivities),
the allowance price and generation patterns from the corresponding Existing Only scenario were used to
form an initial guess of OBA and RESA prices. OBA prices were calculated for each state in the study region.
It was assumed that RESAs would be tradable and therefore a single yearly RESA price was assumed for
all states in the study region. OBA and RESA prices were input into System Optimizer and the scenario was
re-run, with allowance prices and generation patterns taken as outputs to re-calculate OBA and RESA
values until the allowance price remained stable within a 10 percent average tolerance from run to run.

° Henry Station, a peaking plant owned by Bay City Power and Light in Bay City, Ml is one exception. Due to its low modeled
heat rate, a dispatch adder of $17/MWh was required.
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APPENDIX Il: EcONOMIC IMPACTS FROM CLEAN POWER PLAN
COMPLIANCE

Any selected Clean Power Plan compliance pathway will likely have an impact on Michigan’s economy
because in-state energy providers, consumers, and possibly the state itself will realize changes in costs
and revenues. These broad-scale changes will have impacts across the state, both on those directly
impacted by the policy (i.e. generators, other energy providers, and consumers) and those impacted by
the ripple effects. In general, it is necessary to consider both the positive and negative economic impacts
of any policy to arrive at its “net” impact.

For instance, building a new wind farm leads to a short-term boost in economic activity, focused on the
construction site. By the same token, economic activity is also increased at the manufacturing site, and in
the industries that provide the raw materials to the manufacturer. This wind farm would also employ
technicians while it operates in the long term. All of these are positive economic impacts. However, the
operation of this wind farm could displace the operations of other resources in Michigan—meaning less
economic activity at those places. A multitude of new wind farms may cause a decrease in the variable
cost of energy, which in turn would lead to less generation at higher variable cost fossil plants. By burning
less fuel, those fossil plants result in a decrease in economic activity where the fuel is extracted, and
possibly at the plant itself. Energy consumers may see lower retail prices, however, spurring capital
expansion at energy intensive industries and leading to increased economic activity. The net economic
impact is the sum of all of these increases and decreases across the economy. When performing a state-
specific economic assessment, only the impacts that occur in the state are tracked.

The economic impacts capture the direct activity at each site—such as a coal plant or wind farm—but can
also capture ripple effects in the economy that emanate from that direct activity. These impacts,
therefore, include the following:

o Direct impacts: On-site activity such as contractors, construction, and plant operations.

o Multiplier (or “spin-off”) impacts: Ripple effects of the direct impacts that occur in the study
region (e.g. Michigan). These impacts could include suppliers (e.g. wind turbine manufacturers),
re-spending by workers (e.g. restaurants), or the use of savings from lower energy prices or
efficiency programs. These impacts can be estimated using an economic model such as IMPLAN,©
REMI,*! or US Bureau of Economic Analysis (BEA) RIMS multipliers.*?

10 IMPLAN, http://implan.com/company/.

u Regional Economic Models, Inc. (REMI), http://www.remi.com/.

12 ys BEA. https://www.bea.gov/regional/rims/rimsii/.
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Energy investments generate impacts through construction spending, operations spending and customer
spending. Each energy resource requires varying levels of construction and operations spending. Also,
each resource requires different materials and labor whether being built or in operation. All of this creates
and (in some cases) displaces economic activity in the region being evaluated. When evaluating each
resource’s impact, one looks at what types of materials are needed and how much labor is required of
that resource.' The economic impacts due to a policy must be relative to a baseline (i.e. reference case)
where that policy was not in place. For example, direct construction and operation impacts can be defined
with respect to a reference case as described below:

e  Construction impacts

o Positive: The materials and labor required to build a new power plant, decommission
a retiring plant or install energy efficiency measures that are added to the system due
to the policy

o Negative: The materials and labor from resources that would have been installed in
the reference case but are not installed given the policy

e Operation impacts

o Positive: The materials and labor required for energy resources that operate with the
policy in place

o Negative: The materials and labor required for energy resources that would have
operated without the policy in place but do not operate under the policy

e Customer spending
o Positive: Customers re-spending their savings in the region—with the policy in place

o Negative: Customers paying more for energy and, therefore, spending less in the
region—with the policy in place

It is important to take a comprehensive view of the electricity system and the economy of the region
affected. For instance, retiring a coal plant would result in job losses at the plant itself. However, that
plant’s capacity may be replaced with another, cheaper resource. The new resource would create a short-
term boost to the region’s economy. The spending on that new resource may be more labor-intensive,
creating more jobs than were previously required at the coal plant (which is capital-intensive). The
spending may also be more directed on materials produced in the region—as opposed to purchases of
coal that is produced outside the region. Meanwhile, the retiring coal plant could require
decommissioning over a number of years after it has ceased operations. Changes to the energy mix do
not occur in isolation. In some cases, retiring local resources can be a boon for the economic development
of the region if retiring that resource is requires more jobs or repatriates dollars that were previously used
to pay for imports.

13 one source for this activity is NREL’s JEDI model, http://www.nrel.gov/analysis/jedi/.
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APPENDIX Ill: EXISTING ONLY AND MODEL RULE SENSITIVITIES

Existing Only—High EE

Figure Al. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom) power
system emissions in Michigan under the High EE sensitivity of Existing Only compliance
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Existing Only—Additional Coal Retirements

Figure A2. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom)
power system emissions in Michigan under the Additional Coal Retirements
sensitivity of Existing Only compliance
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Existing Only—High Gas Price

Figure A3. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom)
power system emissions in Michigan under the High Gas Price sensitivity of Existing
Only compliance
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Model Rule—High EE

Figure A4. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom) power
system emissions in Michigan under the High EE sensitivity of Model Rule compliance
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Model Rule—Additional Coal Retirements

Figure A5. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom)
power system emissions in Michigan under the Additional Coal Retirements
sensitivity of Model Rule compliance
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Model Rule—High Gas Price

Figure A6. (a: top) Capacity changes, (b: middle) generation mix, and (c: bottom)
power system emissions in Michigan under the High Gas Price sensitivity of Model
Rule compliance
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APPENDIX Ill: DETAILED SCENARIO RESULTS

Reference—Base

Table A4. Detailed Reference base case results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4,045 4,045 4,045 4,045 4,045 4,045 4045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
Qil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31,5516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,919 48,596 46,549 41,782 40,017 38,146 39,617 37,834 37,080 37,569 37,498 38,246 38,793 36,343 34,995 35,189 38,140 38,182 38,156
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,160 21,527 23,875 26,817 28,270 29,675 29,812 30,882 34,504 34,428 35,606 34,843 33,704 39,582 41,274 41,765 41,041 41,034 40,523
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,207 2,217 2,222 2,225 2,225 2,226 2,224 2,225 2,226 2,229 2,230 2,229 2,229 2,229 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3939 3939 4259 4259 4599 4599 4599 4599 4599 4735 4735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2662 3,767 4,731 5560 6,258 6905 7,502 8,048 8546 8995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,675 112,839 114,453 113,467 114,198 114,385 116,591 116,427 119,790 120,793 122,304 122,661 122,396 126,099 126,675 127,551 123,890 124,170 123,698
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115,171 116,431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 62,378 59,760 58,689 55,533 54,276 52,935 52,138 50,968 49,238 49,666 50,017 50,343 50,342 48,075 47,402 47,794 50,346 50,381 50,052
New NGCCs 101 410 411 411 411 411 2,505 2,497 4,576 4,581 4,586 4,593 4,604 6,628 6,635 6,648 6,719 6,733 6,792
Existing Non-Affected Sources 3,191 3,711 3,778 3,793 3,823 3,854 3,747 3,837 3,749 3,768 3,820 3,849 3,877 3,814 3,888 3,906 3,935 3,937 3,975
Ml Total (All Sources) 65,670 63,881 62,879 59,737 58510 57,201 58,390 57,302 57,564 58014 58,422 58,785 58,822 58517 57,924 58,349 60999 61,051 60,819
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55462 54,551 53,566 52592 51,341 50,040 48,612 48612 48,612 48,612 48,612
Power System Costs NPV
(million 20143) (2016-2034)
Fuel 2,102 2,121 2,166 2,121 2,137 2,174 2,245 2,270 2,325 2,376 2,441 2,488 2,532 2,627 2,660 2,706 2,757 2,803 2,838 30,661
Operations and Maintenance 1,264 1,232 1,294 2,125 2,013 2,351 2,222 2,101 2,112 2,113 2,117 2,116 2,111 2,124 2,128 2,131 2,043 2,044 2,020 25,174
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 118 112 104 164 160 182 147 171 109 116 145 149 171 144 154 166 260 298 360 2,081
Exports 368 369 392 409 421 425 441 446 481 497 554 535 529 577 573 580 516 519 526 6,071
Allowance Sales (Net) - - - - - - - - - - - - - - - - - - - -
Total System Costs 3,324 3,325 3,416 4,258 4,154 4,547 4,438 4,360 4,329 4,373 4,416 4,486 4,556 4,590 4,644 4,701 4,824 4,910 4,979 55,224
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Reference—High EE

Table A5. Detailed Reference High EE sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7963 7963 7,963 7963 7963 7955 7955 7955 7955 7955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1676 1676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1863 1,863 1,863 1,863 1,863 1917 1917
DSM 2,244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244
Total 31,142 31,49 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,919 48,596 46,409 41,776 40,011 37,785 39,210 36,858 36,117 36,312 36,379 36,796 37,157 34,242 32,494 32,698 36,390 36,525 36,202
Qil 1 - - - - - - - - - - - - - - - - - -
Gas 18,160 21,527 23,805 26,811 28,268 29,384 29,471 30,218 33,505 33,141 34,297 33,592 32,345 37,910 39,095 39,617 39,070 39,130 37,972
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,206 2,217 2,222 2,224 2,225 2,225 2,224 2,225 2,225 2,229 2,228 2,229 2,229 2,229 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 7,107 8,091 9,094 10,009 10,839 11,584 12,253 12,848 13,371 13,824 14,207 14,522 14,769 14,950
Total 111,675 112,839 114,243 113,457 114,189 113,934 116,432 115,831 119,291 120,093 122,064 122,461 122,180 125,360 125,254 126,367 123,792 124,378 123,082
Demand 104,148 104,957 105,743 106,483 107,124 107,561 107,792 107,923 108,060 108,201 108,659 109,311 109,973 110,646 111,330 112,024 112,730 113,446 114,174
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 60,727 57,879 56,247 52,769 51,466 49,373 48,374 46,571 44905 45,003 45,645 45,779 45,737 42,930 41,581 42,012 45,433 45,614 44,857
New NGCCs 101 410 411 411 411 411 2,501 2,492 4,560 4,560 4,568 4,561 4,531 6,560 6,540 6,564 6,646 6,641 6,672
Existing Non-Affected Sources 4,009 4,644 4902 5166 5216 5338 5048 5096 4946 4902 4870 4853 4810 4,738 4876 4890 4893 4907 4,788
MI Total (All Sources) 64,837 62,933 61,560 58,346 57,093 55,122 55,923 54,159 54,412 54,465 55,083 55,194 55,077 54,227 52,997 53,467 56,972 57,163 56,317
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55,462 54551 53566 52,592 51341 50,040 48,612 48,612 48,612 48612 48,612
Power System Costs NPV
(million 20143) (2016-2034)
Fuel 2,102 2,121 2,161 2,121 2,137 2,156 2,224 2,223 2,270 2,303 2,369 2,407 2,440 2,513 2,517 2,562 2,638 2,687 2,687 29,968
Operations and Maintenance 1,264 1,233 1,294 2,124 2,013 2,348 2,219 2,094 2,102 2,100 2,106 2,104 2,098 2,107 2,109 2,111 2,027 2,028 2,001 25,075
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 318 369 393 389 386 383 382 382 382 383 384 385 387 389 4,282
Imports 118 112 108 164 161 188 139 165 98 102 117 115 121 99 100 104 151 164 217 1,732
Exports 368 369 391 409 421 423 447 457 506 530 606 604 600 657 637 664 618 632 623 6,501
Allowance Sales (Net) - - - - - - - - - - - - - - - - - - - -
Total System Costs 3324 3325 3,415 4,258 4,154 4587 4504 4417 4353 4361 4,369 4,405 4442 4445 4472 4,497 4583 4,634 4,669 54,555
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Reference—Additional Coal Retirements

Table A6. Detailed Reference Additional Coal Retirements sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,762 4,067 4,067 4,067 4,067 4,067
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 13,278 13,669 14,844 15236 15,621
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1676 1676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1863 1,863 1,863 1,863 1,863 1917 1917
DSM 2,244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244
Total 31,142 31,49 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,322 28,016 28,411 28,789 29,238 29,626
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,919 48,5596 46,282 41,786 40,215 38,150 39,865 37,838 37,080 37,570 37,504 38,254 38,791 35913 20,013 19,581 20,432 20,005 20,023
Qil 1 - - - - - - - - - - - - - - - - - -
Gas 18,160 21,527 23,734 26,830 28,515 29,685 29,979 30,887 34,507 34,430 35608 34,851 33,702 39,600 48,067 50,643 57,193 59,480 60,818
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,222 2,225 2,226 2,226 2,224 2,225 2,226 2,229 2,230 2,229 2,230 2,229 2,230 2,230 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,675 112,839 114,043 113,485 114,640 114,398 117,006 116,435 119,793 120,797 122,311 122,678 122,391 125,688 118,488 120,822 122,333 124,439 125,861
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115,171 116,431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 60,727 57,879 56,092 52,781 51,754 49,840 49,207 47,824 46,276 46,734 47,250 47,635 47,802 45,045 30,584 30,056 30,052 29,399 28,932
New NGCCs 101 410 411 411 411 411 2,505 2,497 4,576 4,581 4,586 4,593 4,604 6,628 7,876 8,981 12,290 13,372 14,382
Existing Non-Affected Sources 4,009 4,644 4,891 5,174 5,255 5,401 5,113 5,166 4,993 5,020 5,014 5,045 4,977 4,930 5,311 5,268 5,167 5,142 5,034
Ml Total (All Sources) 64,837 62933 61,394 58366 57,420 55652 56,825 55487 55845 56,335 56,849 57,273 57,383 56,603 43,772 44,306 47,508 47,912 48,347
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55,462 54551 53566 52,592 51341 50,040 48,612 48,612 48,612 48612 48,612
Power System Costs NPV
(million 20143) (2016-2034)
Fuel 2,102 2,121 2,156 2,121 2,148 2,174 2,256 2,270 2,325 2,376 2,442 2,488 2,532 2,615 2,439 2512 2,685 2,776 2,864 30,414
Operations and Maintenance 1,264 1,232 1,292 2,125 2,014 2,352 2,225 2,101 2,112 2,113 2,117 2,116 2,111 2,092 1,443 1456 1,403 1414 1424 23,592
Capital Costs - - - - - - - - - - - - - - 34 68 171 205 239 336
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 118 112 111 164 151 182 135 171 109 116 145 149 172 147 328 300 290 280 278 2,200
Exports 368 369 388 409 425 425 442 446 481 497 554 536 528 569 448 464 479 500 511 5,907
Allowance Sales (Net) - - - - - - - - - - - - - - - - - - - -
Total System Costs 3324 3325 3,416 4,258 4,154 4547 4438 4360 4329 4373 4,416 4486 4557 4558 4,072 4150 4,349 4,460 4,582 54,013
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Reference—High Gas Price

Table A7. Detailed Reference High Gas Price sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7963 7963 7,963 7963 7963 7955 7955 7955 7955 7955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1676 1676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1863 1,863 1,863 1,863 1,863 1917 1917
DSM 2,244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244
Total 31,142 31,49 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,919 48,596 46,549 41,782 42,657 44,510 44,015 42,697 42,877 44,018 46,068 49,362 50,684 52,047 53,286 53976 55410 55,802 54,631
Qil 1 - - - - - - - - - - - - - - - - - -
Gas 18,160 21,527 23,875 26,817 24,668 22,274 25,497 24991 27,357 26,740 25,817 23,257 21,752 24,066 25,631 26,767 28,038 28,463 29,205
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,207 2,217 2,223 2,227 2,228 2,229 2,230 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,675 112,839 114,452 113,467 113,236 113,349 116,677 115,403 118,445 119,560 121,089 122,193 122,335 126,288 129,325 131,342 128,157 129,220 128,856
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115,171 116,431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 60,727 57,879 56,419 52,775 52,673 53,374 52,001 50,764 50,104 51,233 53,321 56,654 58,102 59,398 61,279 62,312 64,070 64,469 63,259
New NGCCs 101 410 411 411 411 411 2,498 2,488 4,467 4,392 4,131 3,262 2,680 3,772 3,801 3,918 4,199 4,377 4,571
Existing Non-Affected Sources 4,009 4,644 4906 5169 5011 4933 4615 4623 4231 4,142 4076 3997 3979 3869 4,053 4,147 4173 4,199 4,223
Ml Total (All Sources) 64,837 62933 61,736 58355 58095 58,718 59,114 57,875 58801 59,767 61,528 63,913 64,761 67,039 69,132 70,376 72,443 73,045 72,054
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55,462 54551 53566 52,592 51341 50,040 48,612 48,612 48,612 48612 48,612
Power System Costs NPV
(million 20143) (2016-2034)
Fuel 2,102 2,121 2,166 2,121 2,142 2,196 2,306 2,329 2430 2,522 2,626 2,720 2,797 3,002 3,212 3,338 3,432 3,532 3,588 33,169
Operations and Maintenance 1,264 1,232 1,294 2,125 2,006 2,348 2,218 2,090 2,099 2,100 2,108 2,117 2,121 2,140 2,155 2,164 2,080 2,083 2,060 25,232
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 118 112 104 164 181 211 138 190 124 136 155 192 211 164 162 159 261 287 357 2,214
Exports 368 369 393 409 414 427 444 442 476 510 566 613 627 705 849 912 836 855 851 7,020
Allowance Sales (Net) - - - - - - - - - - - - - - - - - - - -
Total System Costs 3324 3325 3,416 4,258 4,181 4594 4483 4432 4,444 4515 4590 4,685 4,772 4873 4956 5027 5217 5331 5441 56,975
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Existing+tNew—Base

Table A8. Detailed Existing+New base case results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4045 4045 4045 4045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8498 7,963 7963 7963 7,963 7963 7963 7955 7955 7955 7955 7955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10997 10831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 2,604 3,604 4,604 5,604 6,604 6,917 6,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 31,5552 33,256 34,254 35,257 35460 35,777 35,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,931 48,619 46,415 41,613 39,955 36,771 20,923 19,877 18,091 17,693 17,722 17,572 17,543 17,164 17,087 17,104 17,288 17,331 16,663
Qil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,735 26,529 28,183 28,537 52,949 50,946 53,031 50,596 49,948 49,128 46,923 49,794 48,759 47,789 48,101 47,347 46,885
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,221 2,224 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3939 3939 4259 4259 4599 4599 4599 4599 4599 4735 4735 4,735 6,999 10,082 13,153 16,199 19,259 20,163 20,172
DSM 2662 3,767 4731 5560 6258 6905 7,502 8,048 8546 8995 9396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 114,177 113,011 114,048 111,870 121,039 118,539 119,334 117,091 116,874 116,273 116,628 122,481 124,673 126,957 124,624 124,926 123,870
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115,171 116,431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,678 58951 57,483 53980 52909 49,624 41952 40,115 36,653 35,164 34,855 34,448 33,437 32,085 31,403 31,087 31,260 30,952 29,904
New NGCCs 101 398 411 411 411 411 2,577 2,481 4512 4439 4504 4469 4377 6209 6310 6,187 6377 6353 6414
Existing Non-Affected Sources 3,165 3,705 3,738 3,738 3,776 3,729 5082 5075 5071 5065 5077 5070 5068 5044 5039 5039 5042 5041 5,037
Ml Total (All Sources) 64,944 63,054 61,632 58,129 57,096 53,765 49,611 47,671 46,236 44,668 44,436 43,986 42,882 43,338 42,752 42,313 42,679 42,346 41,356
EPA Target, Existing+New Sources - - - - - - 59161 57,431 55462 54551 53,566 52,592 51,341 150,040 48612 48612 48,612 48,612 48,612
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,160 2,110 2,134 2,107 2,478 2,430 2,412 2,370 2,383 2,412 2,407 2,458 2,438 2,429 2,433 2,448 2,455 29,947
Operations and Maintenance 1,264 1,233 1,293 2,123 2,013 2,340 2,216 2,087 2,088 2,075 2,070 2,062 2,086 2,140 2,177 2,217 2,164 2,172 2,147 25,283
Capital Costs - - - - - - - - - - - - 99 233 367 501 635 669 669 1,545
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 109 170 163 240 129 169 160 253 309 386 426 291 335 294 443 456 587 3,149
Exports 368 368 387 399 416 401 806 693 715 668 680 693 706 834 983 993 980 886 874 8,160
Allowance Sales (Net) - - - - - - 321 321 323 348 356 396 429 424 500 511 565 533 608 3,194
Total System Costs 3,325 3,326 3,419 4,261 4,159 4,551 3,961 3,936 3,887 3,949 3,993 4,040 4,153 4,138 4,109 4,215 4,410 4,610 4,665 51,950
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Existing+New—High EE

Table A9. Detailed Existing+New High EE sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7963 7963 7,963 7963 7963 7955 7955 7955 7955 7955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1676 1676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1863 2,827 3,827 4,827 5827 6880 6917
DSM 2,244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244 2244
Total 31,142 31,49 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 32,479 33,476 34,480 34,683 35,740 35,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25,467 25,467
Coal 51,931 48,619 46,415 41,613 39,955 36,613 20,825 19,229 17,612 17,391 17,538 17,335 17,297 16,950 16,918 16,901 16,942 16,922 16,220
Qil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,735 26,529 28,183 28,453 52,123 50,266 51,763 49,324 48,587 47,278 46,247 48,244 47,735 46,691 46,663 44,789 44,489
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,221 2,224 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 7,695 10,766 13,817 16,878 20,052 20,172
DSM 2,662 3,767 4,731 5,560 6,258 7,107 8,091 9,094 10,009 10,839 11,584 12,253 12,848 13,371 13,824 14,207 14,522 14,769 14,950
Total 111,641 112,821 114,177 113,011 114,048 111,831 120,704 118,257 119,050 117,360 117,518 116,688 116,225 121,363 124,350 126,728 124,082 125,615 124,919
Demand 104,148 104,957 105,743 106,483 107,124 107,561 107,792 107,923 108,060 108,201 108,659 109,311 109,973 110,646 111,330 112,024 112,730 113,446 114,174
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,578 58,858 57,399 53,898 52,827 49,361 41,426 39,058 35475 34,181 34,039 33,230 32,771 31,089 30915 30,565 30,476 29,671 28,780
New NGCCs 101 398 411 411 411 411 2,501 2,477 4,491 4,387 4,381 4,397 4,361 6,124 6,122 5,980 6,084 5,925 5,921
Existing Non-Affected Sources 3,164 3,704 3,737 3,737 3,775 3,715 5,073 5,068 5,055 5,053 5,052 5,050 5,052 5,024 5,018 5,017 5,019 5,018 5,016
Ml Total (All Sources) 64,843 62,960 61,547 58,046 57,013 53,487 49,000 46,603 45021 43,621 43,473 42,677 42,183 42,238 42,054 41,562 41,578 40,613 39,717
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55,462 54551 53566 52,592 51341 50,040 48,612 48,612 48,612 48612 48,612
Power System Costs NPV
(million 20143) (2016-2034)
Fuel 2,102 2,122 2,160 2,110 2,134 2,100 2,448 2,390 2,357 2,318 2,331 2,339 2,373 2,397 2,401 2,389 2,374 2,346 2,359 29,527
Operations and Maintenance 1,264 1,233 1,293 2,123 2,013 2,339 2,214 2,083 2,083 2,072 2,067 2,058 2,053 2,102 2,141 2,180 2,126 2,163 2,140 25,164
Capital Costs - - - - - - - - - - - - - 129 263 397 531 665 670 1,270
Energy Efficiency 208 228 244 256 265 318 369 393 389 386 383 382 382 382 383 384 385 387 389 4,282
Imports 119 112 109 170 163 236 127 150 145 189 213 259 321 235 239 211 291 241 299 2,455
Exports 368 368 387 399 416 402 809 713 756 718 747 748 800 948 1,161 1,223 1,190 1,107 1,107 8,948
Allowance Sales (Net) - - - - - - 324 341 340 367 376 414 471 453 511 529 621 587 676 3,395
Total System Costs 3325 3326 3,419 4261 4,159 4591 4,025 3962 3,879 3,881 3,871 3,877 3,859 3844 3755 3810 3,897 4,108 4,074 50,356
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Existing+New—Additional Coal Retirements

Table A10. Detailed Existing+New Additional Coal Retirements sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4,045 4045 4,045 4,045 4045 3246 3246 3246
Coal 10,203 9,909 9,708 9561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,762 4,067 4067 4,067 4,067 4,067
Oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 14,061 14,061 14,446
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 142 146 159 162
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 2,863 3,863 4,863 5,863 6,863 6,917 6,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 3149 31,372 31,178 30,715 30559 30,635 30,102 30,776 30,809 30,811 30,800 31,812 33,322 30,624 31,695 33,073 33,140 33,528
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25467 25467 25467
Coal 51,931 48619 46,156 41,558 39,690 36,381 21,418 20,043 18,124 17,685 17,704 17,546 17,515 17,136 10,336 10,340 10,224 10,263 10,152
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,622 26,405 27,922 28332 51,535 50,069 52,146 50,168 49,931 49,087 46,637 49,074 50455 49,241 55018 54,728 55913
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2217 2,221 2,223 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2231 2231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 164 168 183 187
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 7,790 10,878 13,948 16,993 20,053 20,163 20,172
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 113,806 112,832 113,520 111,274 120,120 117,827 118482 116,655 116,839 116,206 117,106 122,528 120,413 122,516 125348 125326 126,475
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113929 115171 116,431 117,707 119,001 120,313 121,643

Michigan Emissions
(thousand tons CO2)

Existing Affected Sources 61,578 58858 57,086 53,786 52,448 49,065 41,704 39,793 36,246 34,920 34,829 34,366 33,231 31,681 24,799 24,300 23,328 23,093 22,376
New NGCCs 101 398 411 411 411 411 2,494 2,481 4,493 4,436 4,498 4,489 4,379 6,190 6,534 6,436 9,280 9,392 10,302
Existing Non-Affected Sources 3,164 3,704 3,726 3,737 3,771 3,708 5,079 5,071 5,062 5,065 5,076 5,069 5,064 5,043 5,040 5,039 5,039 5,040 5,038
MI Total (All Sources) 64,843 62,960 61,224 57,933 56,630 53,184 49277 47,346 45802 44,420 44,403 43924 42674 42915 36,373 35774 37,646 37,525 37,716
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55462 54,551 53566 52,592 51,341 50,040 48,612 48,612 48,612 48,612 48,612
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,151 2,105 2,121 2,091 2,443 2,405 2,386 2,357 2,383 2,411 2,396 2,433 2,289 2,270 2,391 2,422 2,493 29,643
Operations and Maintenance 1,264 1,233 1,292 2,123 2,010 2,338 2,216 2,085 2,085 2,073 2,069 2,062 2,096 2,118 1,522 1,564 1,549 1,548 1,556 23,741
Capital Costs - - - - - - - - - - - - 134 267 401 540 777 778 812 1,804
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 115 175 176 255 125 180 171 266 309 391 411 296 451 418 421 448 485 3,265
Exports 368 368 381 396 412 396 721 655 670 656 682 697 722 836 829 839 1,008 912 947 7,924
Allowance Sales (Net) - - - - - - 284 303 312 349 364 406 447 437 759 780 814 775 799 3,764
Total System Costs 3,325 3,326 3,420 4,263 4,161 4,553 4,044 3,978 3,925 3,957 3,982 4,029 4,139 4115 3,352 3,450 3,597 3,791 3,888 50,145
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Existing+New—High Gas Price

Table A11. Detailed Existing+New High Gas Price sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4,045 4045 4,045 4,045 4045 3246 3246 3246
Coal 10,203 9,909 9,708 9561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7955 7,955 7,955 7,700
Oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 1,114 1,814 1,814 1,814
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 516
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 2,810 3,863 4,863 5,863 6,863 6,863 6,863 6,863 6,863 6,917 6,919
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,49 31372 31,178 30,715 30559 30,635 30,102 31,776 32,809 33,811 34,800 35812 36,515 36,513 37,266 37,169 37,227 37,401
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25467 25467 25467
Coal 51,931 48619 46,415 41,613 42,688 42,045 21,243 21,166 19,482 19,302 20,493 20,244 20,800 19,406 18,933 18,776 19,038 18,881 18,156
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,735 26,529 24,623 20,527 52,050 47,452 48806 45616 42,085 40455 36,950 41,447 42,099 40,035 39,141 39,998 40,125
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2217 2,223 2,224 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 6833 11,128 11,128 11,128
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 592
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 7,667 10,854 13,928 16,970 20,012 20,092 20,091 20,058 20,053 20,163 20,180
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 114,177 113,011 113,222 109,134 120461 116,333 119,569 119,838 120,975 122,508 122,925 126,386 126,796 129,334 127,105 128,024 128,001
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113929 115171 116,431 117,707 119,001 120,313 121,643

Michigan Emissions
(thousand tons CO2)

Existing Affected Sources 61,578 58858 57,399 53,898 53975 51,316 41,671 39,311 35558 33,844 33,277 32,333 31,333 29,773 29,758 28,798 28,787 28,991 28,222
New NGCCs 101 398 411 411 411 402 2,502 2,478 4,482 4,398 4,338 4,281 4,197 6,019 5,930 5,773 5,692 5,765 5,818
Existing Non-Affected Sources 3,164 3,704 3,737 3,737 3,721 3,672 5,091 5,085 5,062 5,056 5,059 5,029 5,019 5,010 5,025 5,019 5,011 5,024 5,018
MI Total (All Sources) 64,843 62,960 61,547 58,046 58,108 55390 49,264 46,874 45103 43,299 42,673 41,643 40,549 40,802 40,713 39,591 39,490 39,780 39,059
EPA Target, Existing+New Sources - - - - - - 59,161 57,431 55462 54,551 53566 52,592 51,341 50,040 48,612 48,612 48,612 48,612 48,612
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,160 2,110 2,142 2,082 2,562 2,494 2,534 2,518 2,504 2,538 2,511 2,736 2,880 2,921 2,974 3,083 3,136 31,932
Operations and Maintenance 1,264 1,233 1,293 2,123 2,007 2,327 2,216 2,086 2,128 2,159 2,196 2,231 2,266 2,278 2,276 2,353 2,332 2,331 2,320 26,066
Capital Costs - - - - - - - - 133 267 400 534 668 668 668 824 967 967 999 3,729
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 109 170 180 313 144 264 179 209 210 209 234 200 229 214 302 353 457 2,685
Exports 368 368 387 399 409 391 871 726 839 844 850 878 862 1,005 1,082 1,163 1,045 1,107 1,139 9,217
Allowance Sales (Net) - - - - - - 400 392 458 502 488 508 504 534 601 660 705 785 920 4,208
Total System Costs 3,325 3,326 3,419 4,261 4,185 4,595 3,916 3,992 3,943 4,072 4240 4,394 4,583 4,615 4,644 4,768 5,106 5126 5,140 54,366
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Existing Only—Base

Table A12. Detailed Existing Only base case results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11464 11464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25467 25467
Coal 51,931 48619 46218 41585 39911 36873 26490 27,276 24,854 24460 23,440 23412 24444 22518 22241 22,5504 24316 24970 24,682
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,628 26,455 28,173 28,605 44,779 37,289 42,525 41,073 41,629 41,942 38566 44,471 46,356 46,484 44,174 42,935 42,985
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,221 2,224 2,230 2,227 2,226 2,225 2,226 2,230 2,230 2,230 2,229 2,230 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 113,873 112,909 113,994 112,041 118,436 112,277 115586 114,329 114,269 114,926 112,909 117,164 119,004 119,587 113,200 112,859 112,687
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115171 116431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,564 58844 57,140 53,822 52,767 49,663 43,016 41,029 38310 37,390 36,299 36,209 36,225 34,402 34,653 34963 36,186 36,350 36,006
New NGCCs 101 398 411 411 411 411 2,503 2,481 4,540 4,532 4,533 4,538 4,518 6,576 6,584 6,608 6,637 6,671 6,675
Existing Non-Affected Sources 3,164 3,704 3,729 3,739 3,774 3,745 5,132 4,159 4458 4263 4,709 5,012 4212 4417 5,064 5,083 4225 4,031 4,031
MI Total (All Sources) 64,829 62,946 61,280 57,972 56952 53,820 50,650 47,670 47,309 46,184 45541 45759 44,955 45395 46301 46,654 47,048 47,052 46,712
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51,979 50,488 49,593 48,621 47,544 47,544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,152 2,107 2,133 2,112 2,346 2,169 2,234 2,216 2,240 2,302 2,268 2,382 2,469 2,503 2,446 2,458 2,494 29,224
Operations and Maintenance 1,264 1,233 1,292 2,123 2,013 2,341 2,227 2,085 2,093 2,084 2,081 2,080 2,074 2,087 2,090 2,091 1,997 1,996 1,976 24,932
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 113 172 165 237 114 306 213 286 336 365 477 373 355 389 661 737 823 3,777
Exports 368 368 383 397 415 403 561 470 492 489 504 519 511 517 531 544 512 511 525 6,006
Allowance Sales (Net) - - - - - - 164 103 122 124 136 138 125 137 131 130 106 96 110 964
Total System Costs 3,325 3,326 3,419 4,262 4,159 4,552 4,227 4,252 4,191 4,238 4,283 4,359 4,453 4,461 4,527 4,587 4,767 4,868 4,945 54,342
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Existing Only—High EE
Table A13. Detailed Existing Only High EE sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4,045 4045 4,045 4,045 4045 3246 3246 3246
Coal 10,203 9,909 9,708 9561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7955 7,955 7,955 7,700
Oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 3149 31372 31,178 30,715 30559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31,516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25467 25467 25467
Coal 51,931 48619 46,415 41,613 39955 37,328 24,452 25,187 22,356 22,013 21,056 20466 21,135 20,153 19,896 20,134 22,333 22,718 22,154
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,735 26,529 28,183 29,086 47,659 41,143 44,547 43,055 44,593 45570 43,271 45,733 46,478 46,341 45265 44,847 46,121
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2217 2,221 2,224 2,230 2,227 2226 2,226 2,227 2,230 2,230 2,230 2229 2229 2230 2230 2230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 7,107 8,091 9,094 10,009 10,839 11,584 12,253 12,848 13,371 13,824 14,207 14,522 14,769 14,950
Total 111,641 112,821 114,177 113,011 114,048 113,180 119,868 115,088 116,573 115,708 117,038 118,110 117,087 119,094 120,039 120,528 115931 116,288 117,183
Demand 104,148 104,957 105,743 106,483 107,124 107,561 107,792 107,923 108,060 108,201 108,659 109,311 109,973 110,646 111,330 112,024 112,730 113,446 114,174

Michigan Emissions
(thousand tons CO2)

Existing Affected Sources 61,578 58,858 57,399 53,898 52,827 50,360 42,515 40,105 36,257 35,258 35,046 34,937 34,459 32,222 32,279 32,425 34,237 34,561 34,277
New NGCCs 101 398 411 411 411 411 2,511 2,484 4,564 4,526 4,550 4,568 4,546 6,554 6,565 6,587 6,611 6,626 6,630
Existing Non-Affected Sources 3,164 3,704 3,737 3,737 3,775 3,754 5,129 5,121 5,110 5,097 5092 5,069 5,067 4,959 5,050 5,063 4,916 4,711 5,058
MI Total (All Sources) 64,843 62,960 61,547 58,046 57,013 54,525 50,154 47,710 45931 44,882 44,688 44,574 44,072 43,735 43,894 44,075 45764 45898 45,965
EPA Target, Existing Only - - - - - - 59,161 57,047 54,354 53,213 51,979 50,488 49,593 48,621 47,544 47,544 47,544 47,544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,160 2,110 2,134 2,136 2,387 2,242 2,237 2,221 2,273 2,338 2,339 2,365 2,403 2,426 2,434 2,466 2,544 29,365
Operations and Maintenance 1,264 1,233 1,293 2,123 2,013 2,346 2,224 2,090 2,089 2,081 2,080 2,080 2,077 2,080 2,081 2,081 1,993 1,993 1,975 24,918
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 318 369 393 389 386 383 382 382 382 383 384 385 387 389 4,282
Imports 119 112 109 170 163 204 109 198 141 179 177 173 211 173 165 173 353 380 404 2,351
Exports 368 368 387 399 416 412 677 521 532 524 577 617 593 575 586 588 565 569 614 6,525
Allowance Sales (Net) - - - - - - 224 141 172 165 195 219 214 185 182 174 148 144 175 1,384
Total System Costs 3,325 3,326 3,419 4,261 4,159 4,592 4,188 4,261 4,153 4,179 4,142 4,137 4,203 4241 4,264 4,303 4,453 4513 4,522 53,007
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Existing Only—Additional Coal Retirements

Table A14. Detailed Existing Only Additional Coal Retirements sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,762 4,067 4,067 4,067 4,067 4,067
Qil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 13,278 13,669 14,844 15236 15621
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,322 28,016 28411 28789 29238 29,626
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25467 25467 25,467
Coal 51,931 48619 46,156 41,558 39,690 36,634 26,479 27,463 25,792 24,555 23,441 23,521 24,356 22,830 12,758 12,583 13,411 13,261 13,323
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,622 26,405 27,922 28492 44,713 36,961 40,257 40512 41,149 41540 37,955 42,646 47,829 49,340 55402 57,323 59,735
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,221 2,224 2,230 2,227 2,224 2,225 2,226 2,229 2,230 2,229 2,229 2,229 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 113,806 112,832 113,520 111,689 118,359 112,136 114,255 113,863 113,789 114,634 112,208 115650 110,994 112,522 113,522 115,538 118,079
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108438 109,110 109,793 110,484 111,494 112,703 113,929 115171 116,431 117,707 119,001 120,313 121,643

Michigan Emissions
(thousand tons CO2)

Existing Affected Sources 61,578 58,858 57,086 53,786 52,448 49,398 42979 41,089 38526 37,252 36,201 36,241 35940 34,234 24,354 23,710 23,518 22,963 22,800
New NGCCs 101 398 411 411 411 411 2,503 2,479 4,532 4,528 4,522 4,528 4,518 6,553 7,734 8,829 12,077 13,164 14,252
Existing Non-Affected Sources 3,164 3,704 3,726 3,737 3,771 3,723 5,132 4,120 3,957 4,207 4,555 4,869 4,088 3,927 4,347 4,085 3,923 3,882 3,915
Ml Total (All Sources) 64,843 62,960 61,224 57933 56,630 53,531 50,614 47,689 47,015 45986 45278 45637 44,546 44,713 36,435 36,624 39,518 40,009 40,966
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51979 50,488 49,593 48621 47,544 47,544 47,544 A7544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,151 2,105 2,121 2,103 2,344 2,164 2,183 2,200 2,223 2,290 2,244 2,325 2,210 2,248 2,399 2,480 2,600 28,858
Operations and Maintenance 1,264 1,233 1,292 2,123 2,010 2,340 2,227 2,084 2,089 2,083 2,079 2,079 2,071 2,052 1,416 1,427 1,373 1,385 1,399 23,370
Capital Costs - - - - - - - - - - - - - - 34 68 171 205 239 336
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 115 175 176 245 115 309 250 300 348 374 499 416 651 631 622 609 581 3,978
Exports 368 368 381 396 412 399 560 468 473 487 499 517 505 497 494 487 478 481 499 5,873
Allowance Sales (Net) - - - - - - 164 100 101 123 134 135 124 121 185 167 150 140 169 1,050
Total System Costs 3,325 3,326 3,420 4,263 4,161 4,553 4,226 4,253 4,213 4,239 4,284 4,360 4,454 4,447 3,907 3,998 4,218 4,342 4,438 52,998
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Existing Only—High Gas Price
Table A15. Detailed Existing Only High Gas Price sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11464 11464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 2,239 3,239 4,292 5,292
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,49 31372 31,178 30,715 30559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31,892 32,095 33,152 33,894
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25467 25467
Coal 51,931 48619 46,156 41558 42342 42,966 28,772 29,577 29,000 28,479 27,505 27,920 27,678 27,163 27,865 28,410 29,754 30,2247 29,548
oil 1 - - - - - - - - - - - - - - - - - -
Gas 18,114 21,486 23,622 26,405 24,440 21,184 41,974 34,439 35969 33,520 33,785 31,869 30463 32,785 31,871 31,168 30,900 30,647 30,751
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,171 2,182 2,205 2,217 2,223 2,226 2,231 2,230 2,230 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 5,886 8950 12,137 15,202
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 111,641 112,821 113,806 112,832 112,693 110,715 117,914 111,731 113,181 110,800 110,494 109,363 108,039 110,124 110,145 111,329 109,578 113,115 115,650
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115171 116431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,578 58858 57,086 53,786 53,542 52,560 43,773 41947 39,577 38,084 37,066 36,778 35938 34345 34,658 34,949 36,157 36,568 35,787
New NGCCs 101 398 411 411 411 411 2,494 2,489 4,580 4549 4,567 4,541 4,522 6,545 6,576 6,565 6,607 6,582 6,543
Existing Non-Affected Sources 3,164 3,704 3,726 3,737 3,719 3,689 5,122 4,040 3,906 3,769 3,945 3,774 3,815 3,568 3,577 3,564 3,565 3,588 3,718
Ml Total (All Sources) 64,843 62960 61,224 57,933 57,672 56,660 51,388 48,476 48,062 46,401 45577 45093 44,276 44,458 44,810 45,077 46,329 46,738 46,048
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51,979 50,488 49,593 48,621 47,544 47,544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,102 2,122 2,151 2,105 2,128 2,126 2,402 2,249 2,305 2,289 2,354 2,378 2,410 2,551 2,631 2,664 2,683 2,743 2,784 30,263
Operations and Maintenance 1,264 1,233 1,292 2,123 2,005 2,335 2,234 2,088 2,092 2,077 2,073 2,065 2,054 2,054 2,051 2,066 2,015 2,059 2,078 24,927
Capital Costs - - - - - - - - - - - - - - - 50 184 319 453 461
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 119 112 115 175 193 275 136 358 334 486 587 719 867 867 981 1,000 1,186 1,100 1,060 6,146
Exports 368 368 381 396 403 400 583 515 544 562 611 625 653 672 702 717 735 754 778 6,935
Allowance Sales (Net) - - - - - - 186 154 174 194 241 238 263 290 287 287 273 272 312 1,806
Total System Costs 3,325 3,326 3,420 4,263 4,187 4,600 4,267 4,290 4,278 4,363 4,428 4,567 4,686 4,783 4,951 5,055 5,341 5,478 5,573 56,436

Synapse Energy Economics, Inc. Michigan Compliance Assessment for the Clean Power Plan 26



Model Rule—Base

Table A16. Detailed Model Rule base case results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11464 11464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25467 25467
Coal 49910 45858 41,962 38510 37,963 35,138 24,684 25703 23,746 23470 22,801 22,941 23505 22,498 22,295 22,466 23,773 24539 23,930
oil 1 - - - - - - - - - - - - - - - - - -
Gas 22,646 26935 30,320 31,788 32,552 34,451 49,086 43,028 45561 44,617 45171 45,285 43,951 46,295 47,877 47,993 47,142 45641 46,979
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,164 2,174 2,200 2,211 2,217 2,223 2,230 2,228 2,226 2,226 2,226 2,230 2,230 2,229 2,229 2,229 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 114,145 115502 116,304 115,161 116,420 116,150 120,937 116,443 117,514 116,884 117,171 117,799 117,354 118968 120,579 121,057 115625 115135 115929
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115171 116431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,540 58501 55,728 53,115 52,748 50,618 43,486 41,549 38,163 37,437 37,018 37351 37,285 35245 35409 35615 36696 37,087 36,615
New NGCCs 100 397 411 411 411 411 2,511 2,481 4,539 4526 4,538 4,543 4,533 6,563 6,572 6,586 6,633 6,661 6,667
Existing Non-Affected Sources 3,127 3,689 3,704 3,716 3,756 3,743 5,133 5,126 5,114 5,104 5,103 5,081 5,082 4384 5,038 5,081 4,700 4,181 4,749
Ml Total (All Sources) 64,767 62,588 59,843 57,242 56916 54,772 51,130 49,156 47,816 47,068 46,659 46,976 46,900 46,193 47,019 47,282 48,029 47,928 48,031
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51,979 50,488 49,593 48,621 47,544 47,544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,160 2,179 2,202 2,161 2,194 2,220 2,438 2,314 2,303 2,306 2,334 2,392 2,428 2,437 2,515 2,548 2,536 2,539 2,623 30,272
Operations and Maintenance 1,283 1,256 1,319 2,139 2,026 2,361 2,229 2,099 2,101 2,096 2,094 2,094 2,092 2,097 2,099 2,099 2,007 2,005 1,988 25,119
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 105 91 87 113 109 128 112 184 152 199 237 262 316 296 290 326 572 646 706 2,880
Exports 424 421 425 403 429 417 699 518 511 504 521 533 534 509 526 538 523 515 551 6,385
Allowance Sales (Net) - - - - - - 216 135 143 140 148 146 139 128 121 120 112 97 125 1,068
Total System Costs 3,332 3,334 3,427 4,266 4,164 4,557 4,129 4,208 4,167 4,223 4,262 4,336 4,432 4,466 4,532 4,593 4,761 4,862 4,928 54,198
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Model Rule—High EE

Table A17. Detailed Model Rule High EE sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11464 11464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,515 31,513 31516 30,719 30,777 30,518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25467 25467
Coal 49,875 45720 41,787 38446 37,951 34,967 23,895 24,804 22,036 21,176 20,832 21,009 20,939 19,831 19,277 19,615 22,244 23108 22,515
oil 1 - - - - - - - - - - - - - - - - - -
Gas 22,706 27,193 30,654 31,913 32,656 34,513 49,174 43,007 46,430 46,538 46,690 46,163 45,245 48,862 49,460 49,113 47,329 45169 46,264
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,164 2,172 2,200 2,211 2,217 2,222 2,230 2,227 2,226 2,226 2,227 2,230 2,229 2,229 2,229 2,230 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 7,107 8,091 9,094 10,009 10,839 11,584 12,253 12,848 13,371 13,824 14,207 14,522 14,769 14,950
Total 114,170 115,619 116,463 115222 116,512 116,242 120,825 116,569 118,137 118355 118,910 119,246 118,863 121,901 122,402 122,781 117,906 117,000 117,686
Demand 104,148 104,957 105,743 106,483 107,124 107,561 107,792 107,923 108,060 108201 108,659 109,311 109,973 110,646 111,330 112,024 112,730 113446 114,174
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,532 58484 55,711 53,099 52,782 50,470 42,728 40,624 36,878 36,050 35808 35722 35199 33,226 33,052 33,210 34990 35387 34,919
New NGCCs 100 397 411 411 411 411 2,511 2,478 4,547 4,541 4,546 4554 4,542 6,584 6,573 6,602 6,608 6,600 6,613
Existing Non-Affected Sources 3,127 3,685 3,704 3,716 3,756 3,738 5,132 5,121 5,107 5,101 5,093 5,078 5,069 5,060 5,057 5,066 5,058 4279 4,689
Ml Total (All Sources) 64,760 62,566 59,826 57,226 56,950 54,619 50,371 48,224 46,533 45692 45447 45354 44810 44,870 44,682 44,879 46,657 46,266 46,221
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51,979 50,488 49,593 48,621 47,544 47,544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,160 2,182 2,206 2,162 2,196 2,217 2,420 2,288 2,286 2,305 2,330 2,368 2,396 2,455 2,481 2,501 2,501 2,479 2,550 30,091
Operations and Maintenance 1,284 1,258 1,320 2,139 2,026 2,361 2,225 2,095 2,095 2,091 2,089 2,087 2,086 2,094 2,090 2,090 2,001 1,999 1,980 25,078
Capital Costs - - - - - - - - - - - - - - - - - - - -
Energy Efficiency 208 228 244 256 265 318 369 393 389 386 383 382 382 382 383 384 385 387 389 4,282
Imports 104 90 85 111 107 122 110 155 124 135 149 159 175 132 134 140 275 339 360 1,880
Exports 424 424 427 403 430 419 726 541 585 603 631 641 638 667 668 665 569 556 586 7,027
Allowance Sales (Net) - - - - - - 236 152 182 199 200 194 215 207 200 194 141 122 151 1,428
Total System Costs 3,332 3,334 3,428 4,266 4,164 4,598 4,162 4,237 4,127 4,115 4,120 4,162 4,186 4,189 4,220 4,256 4,451 4,526 4,542 52,876
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Model Rule—Additional Coal Retirements

Table A18. Detailed Model Rule Additional Coal Retirements sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,762 4,067 4,067 4,067 4,067 4,067
oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11464 11464 12,185 12,185 12,185 12,163 12,163 12,892 13278 13,669 14,844 15236 15621
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,863 1,917 1,917
DSM 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31372 31,178 30,715 30,559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 31,322 28,016 28411 28,789 29,238 29,626
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25,467 25467 25467
Coal 50,212 46,378 42,632 38930 38135 35236 25836 27,001 25296 24291 23,508 23536 24,150 22,819 12,758 12,689 13,294 13312 13,340
oil 1 - - - - - - - - - - - - - - - - - -
Gas 21,656 25,751 28,782 30,859 31,522 32,874 46,692 39,597 42,391 42,541 42,898 43,105 41,082 44,533 49,263 50,484 57939 60,786 63,210
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,167 2,177 2,198 2,212 2,217 2,222 2,230 2,226 2,224 2,225 2,225 2,229 2,230 2,229 2,229 2,229 2,230 2,230 2,230
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4,259 4,599 4,599 4,599 4,599 4,599 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,735 4,871 4,871
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 113,460 114,841 115434 114,652 115562 114,670 119,695 114,309 115893 115629 115606 116212 115130 117,526 112,428 113,770 115942 119,052 121,569
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115171 116431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,428 58515 55,724 53,110 52,469 49,982 43,347 41667 38899 37,870 37,003 36,955 36995 35074 25025 24,387 24,535 24,500 24,308
New NGCCs 100 398 411 411 411 409 2,503 2,480 4,531 4517 4514 4517 4,510 6,548 7,713 8788 12,071 13,224 14,280
Existing Non-Affected Sources 3,134 3,692 3,707 3,718 3,748 3,716 5,133 4,354 4,078 4301 4,633 4,887 4327 3,938 4362 4,107 4,008 3,969 4,024
Ml Total (All Sources) 64,662 62,606 59,842 57,239 56,628 54,107 50,983 48501 47,508 46,688 46,150 46,358 45,832 45559 37,100 37,282 40,614 41,693 42,612
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51,979 50,488 49,593 48,621 47,544 47,544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,145 2,166 2,181 2,148 2,172 2,181 2,389 2,230 2,233 2,254 2,276 2,337 2,339 2,383 2,255 2,289 2,481 2,599 2,721 29,608
Operations and Maintenance 1,277 1,250 1,313 2,136 2,021 2,355 2,229 2,095 2,097 2,091 2,088 2,088 2,085 2,061 1,423 1,432 1,382 1,398 1,413 23,519
Capital Costs - - - - - - - - - - - - - - 34 68 171 205 239 336
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 106 95 99 124 125 164 110 237 194 235 280 312 388 342 593 578 532 485 453 3,244
Exports 406 407 411 397 419 407 616 476 478 487 498 514 512 495 492 484 482 494 512 6,053
Allowance Sales (Net) - - - - - - 177 103 105 122 129 128 122 115 182 163 159 165 189 1,073
Total System Costs 3,330 3,331 3,426 4,267 4,165 4,557 4,200 4,248 4,206 4,237 4,284 4,363 4,448 4,448 3,906 3,999 4,206 4,312 4,412 52,961
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Model Rule—High Gas Price
Table A19. Detailed Model Rule High Gas Price sensitivity results

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Capacity (MW)
Nuclear 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4,045 4045 4,045 4,045 4045 4,045 4,045 4,045 3,246 3,246 3,246
Coal 10,203 9,909 9,708 9,561 9,130 9,130 8,498 7,963 7,963 7,963 7,963 7,963 7,963 7,955 7,955 7,955 7,955 7,955 7,700
Oil 231 226 190 190 190 107 107 107 58 36 36 36 36 15 15 15 15 15 15
Gas 10,410 11,060 11,045 10,997 10,831 10,757 11,464 11,464 12,185 12,185 12,185 12,163 12,163 12,892 12,886 12,886 12,886 12,886 12,879
Hydro 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197 197 196 197 197
Pumped Storage 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872 1,872
Biomass 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364 364
Sun 27 30 33 33 34 35 36 37 39 40 42 54 66 69 72 75 78 82 85
Wind 1,550 1,550 1,676 1,676 1,810 1,810 1,810 1,810 1,810 1,863 1,863 1,863 1,863 2,863 3,863 4,863 5,863 6,917 6,917
DSM 2,244 2,244 2,244 2244 2,244 2,244 2244 2244 2,244 2244 2244 2244 2244 2244 2,244 2,244 2,244 2,244 2,244
Total 31,142 31,496 31,372 31,178 30,715 305559 30,635 30,102 30,776 30,809 30,811 30,800 30,812 32,515 33,513 34,516 34719 35777 35518
Generation (GWh)
Nuclear 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 31,503 25467 25,467 25,467
Coal 49,867 45676 41,624 38356 39,671 38799 27,783 28648 27,054 27,071 26,5594 27,065 26,849 24920 24,642 24,684 26225 26,297 26216
oil 1 - - - - - - - - - - - - - - - - - -
Gas 23,001 27,463 30,950 32,266 30,431 29,821 45,112 38,799 40,524 38971 39,666 38,032 36,591 40,480 40,443 39,826 39,739 38,789 37,995
Hydro 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291 1,291 1,289 1,291 1,291
Biomass 2,164 2,170 2,200 2,211 2,220 2,225 2,231 2,230 2,230 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231
Sun 32 35 38 39 40 41 42 44 45 47 49 62 76 79 83 87 91 95 99
Wind 3,939 3,939 4,259 4259 4,599 4,599 4599 4,599 4599 4,735 4,735 4735 4735 7,806 10,877 13,928 16,989 20,163 20,172
DSM 2,662 3,767 4,731 5,560 6,258 6,905 7,502 8,048 8,546 8,995 9,396 9,752 10,066 10,337 10,566 10,753 10,898 11,001 11,062
Total 114,458 115,844 116,596 115,485 116,010 115183 120,062 115,162 115,790 114,843 115,464 114,671 113,339 118,647 121,636 124,303 122,928 125,334 124,533
Demand 104,148 104,957 105,743 106,483 107,124 107,776 108,438 109,110 109,793 110,484 111,494 112,703 113,929 115,171 116,431 117,707 119,001 120,313 121,643
Michigan Emissions
(thousand tons CO2)
Existing Affected Sources 61,664 58556 55,675 53,169 53,522 52,166 44,369 42,876 39,752 39,021 38,764 38,471 37,654 35228 34,908 34,695 36,182 35877 35,400
New NGCCs 100 397 411 411 410 411 2,495 2,491 4,566 4,554 4,569 4,559 4,531 6,563 6,546 6,547 6,566 6,543 6,521
Existing Non-Affected Sources 3,127 3,684 3,704 3,716 3,693 3,679 5,126 4,237 3909 3,924 3990 3,941 3,929 3,676 3,742 3,752 3,774 3,770 3,812
MI Total (All Sources) 64,891 62,636 59,790 57,296 57,624 56255 51,990 49,605 48,226 47,499 47,323 46971 46,114 45468 45197 44,994 46,522 46,190 45733
EPA Target, Existing Only - - - - - - 59,161 57,047 54354 53213 51979 50,488 49,5593 48,621 47,544 47544 47544 47544 47,544
Power System Costs NPV
(million 2014$) (2016-2034)
Fuel 2,167 2,187 2,209 2,169 2,212 2,247 2,479 2,366 2,406 2,443 2,544 2,589 2,630 2,800 2,906 2,936 2,982 3,004 3,029 32,154
Operations and Maintenance 1,285 1,259 1,321 2,140 2,026 2,362 2,237 2,104 2,103 2,097 2,098 2,095 2,087 2,136 2,177 2,216 2,169 2,206 2,182 25,519
Capital Costs - - - - - - - - - - - - - 134 268 402 536 670 670 1,283
Energy Efficiency 208 228 244 256 265 265 265 265 265 266 266 268 270 273 275 278 281 284 287 3,379
Imports 103 89 84 104 111 157 118 229 223 312 364 464 592 432 376 320 438 410 523 3,280
Exports 431 429 430 403 422 424 676 528 542 567 623 628 651 687 743 768 765 787 783 7,321
Allowance Sales (Net) - - - - - - 209 154 171 191 223 218 234 285 303 313 288 298 313 1,818
Total System Costs 3,333 3,335 3,428 4,267 4,192 4,608 4,215 4,281 4,285 4,359 4,426 4,570 4,694 4,803 4,956 5,071 5,352 5,489 5,594 56,476
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APPENDIX IV: BASE CASE RATE COMPLIANCE POSITION

Reference

Figure A7. ERCs required by the subcategory rate compliance path and ERCs generated in Michigan in the Reference base case'?
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ERCs
2022-2024 2025-2027 2028-2029 2030-2031 2032-2033
ERCs Required 42,737 61,215 50,745 55,623 58,630
ERCs Generated
Overperforming 1,915 546 257 187 194
Gas-Shift 260 5 0 0 0
EE 24,096 28,143 20,403 21,319 21,899
RE 10,532 10,967 7,361 7,376 7,527
ERC Position
Banked ERCs 0 0 0 0 0
Shortage 5,932 21,553 22,723 26,742 29,010

14 epp provides for several different mechanisms by which ERCs may be generated. Standard ERCs are produced by new
renewable, nuclear, energy efficiency, and biomass resources (termed “RE ERCs” and “EE ERCs” for reporting purposes in the
appendix of this report). “Gas-shift ERCs” are produced by existing NGCC units that increase their output from an EPA-
defined 2012 baseline, thereby displacing coal generation and emissions. EPA provides a calculation by which states may
determine how many gas-shift ERCs have been produced. “Over-performing ERCs” are generated by existing fossil steam and
NGCC units that emit at a lower rate than EPA’s identified target. ERCs may only be traded within rate-based states that
follow the same compliance pathway. Finally, excess ERCs may be banked from one compliance period to the next. The
analysis here does not optimize for rate-based compliance, but does track ERC compliance positions for each scenario.
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Existing+New

Figure A8. ERCs required by the subcategory rate compliance path and ERCs generated in Michigan in the
Existing+New compliance base case
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Emisssions Rate Credits (TWh)

2022-2024 2025-2027 2028-2029 2030-2031 2032-2033

ERCs Required 21,598 30,964 26,478 29,841 29,810
ERCs Generated
Overperforming 9,883 4,372 1,721 940 949
Gas-Shift 636 8 0 0 0
EE 24,096 28,143 20,403 21,319 21,899
RE 10,532 10,967 14,973 27,258 37,344
ERC Position
Banked ERCs 0 23,550 36,076 46,695 66,372
Shortage 0 0 0 0 0
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Existing Only

Figure A9. ERCs required by the subcategory rate compliance path and ERCs generated in Michigan in the Existing
Only compliance base case
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Model Rule

Figure A10. ERCs required by the subcategory rate compliance path and ERCs generated in Michigan in the Model
Rule compliance base case
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