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EXECUTIVE SUMMARY

This report summarizes the macroeconomic impact evaluation of the Michigan Climate Action
Plan as proposed by the Michigan Climate Action Council. Michigan Governor Jennifer
Granholm signed Executive Order 2007-42 on November 14, 2007, forming the Michigan
Climate Action Council (MCAC). This council was comprised of a broad representation of
Michigan interests and charged with inventorying Michigan's greenhouse gas (GHG) emissions
and exploring viable options for mitigating climate change across multiple sectors of the
economy. The MCAC identified 330 multi-sector policy options and approved 54 policy options
for reducing GHG emissions by 80 percent below 2005 levels by 2050. Based on MCAC
estimates of the cost of implementation, these policy options are expected to generate a direct
net cumulative savings of about $10 billion between 2009 and 2025 and generate direct cost
savings of $10.20 per metric ton of carbon dioxide equivalent mitigated (MCAC 2009). This
macroeconomic study completes the analysis of the MCAC by projecting the statewide
individual and collective impacts of 20 consolidated options that cover the majority of the GHG
emission reductions of the original 54-policy option on gross state product, output, income,
employment and prices between 2009 and 2025.

Quantified MCAC policy options are divided into four policy sectors: Energy Supply (ES),
Residential, Commercial, and Industrial (RCl), Transportation and Land Use Management
(TLU) and Agriculture, Forestry and Waste Management (AFW). This analysis suggests that
implementing all MCAC policy options will stimulate economic growth for Michigan. On a net
present value basis, implementing all policies is projected to increase gross state product (GSP)
by $25.3 billion and expand employment by about 130 thousand full-time equivalent jobs by
the year 2025. Of the sectors evaluated, the RCl sector policy options generate the largest net
savings; contributing most of the positive returns in gross state product. The TLU sector and ES
sector policies generate additional net cost savings. Alternatively, AFW sector policies are
mostly neutral on GSP outcomes.

These economic gains arise primarily through reductions in energy use and expenditures that
lead to lower overall costs of production. For example, policy options that improve energy
efficiency of businesses and households lower production costs and increases the purchasing
power of consumers. Additional macroeconomic stimulus arises from increased investment in
energy efficient plant and equipment, and consumer appliances. Table A summarizes the
expected cumulative gross state product and employment impacts of implementing the MCAC
Climate Action Plan.

Table A. Simultaneous Gross State Product and Employment Impacts of Enacting the
Michigan Climate Action Plan Options
2010 2015 2020 2025 NPV*

Gross State Product
(billions of fixed 2000$)
Employment

(000's full-time equivalent
*Discount factor is five percent

0.07 1.14 3.39 8.35 25.26

4.77 31.37 68.31  129.49 n.a.
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l. INTRODUCTION

On November 14, 2007, Governor Granholm signed Executive Order 2007-42, creating the
Michigan Climate Action Council (MCAC) with the tasks of generating a Greenhouse Gas (GHG)
emissions inventory and forecast, compiling a comprehensive Climate Action Plan with
recommended GHG reduction goals and potential actions to mitigate climate change in various
sectors of the economy (MCAC, 2009). The MCAC began deliberations in December of 2007,
with the first of eight meetings leading to the Michigan Climate Action Council, Climate Action
Plan (CAP), completed in March of 2009. Members of the public were encouraged to observe
and provide input at all MCAC meetings.

The MCAC formed six Technical Work Groups (TWGs) — Energy Supply (ES); Market-Based
Policies (MBP); Residential, Commercial and Industrial (RCI); Transportation and Land Use (TLU);
Agriculture Forestry, and Waste Management (AFW); and Cross-Cutting Issues (CCl) — to serve
as advisors to the MCAC. The TWGs assisted the MCAC by generating initial Michigan-specific
policy options to be added to the catalog of existing state actions; developing priority policy
options for analysis; drafting proposals on the design characteristics and quantification of the
proposed policy options; and reviewing specifications for analysis of draft policy options
(including best available data sources, methods and assumptions). The TWGs also provided
evaluation of other key elements of policy option proposals, including related policies and
programs, key uncertainties, co-benefits and costs, feasibility issues, and potential barriers to
consensus. Process facilitation and technical assistance was provided by the Center for Climate
Strategies (CCS).

The resulting Michigan Climate Action Plan (CAP) establishes a set of policy options for reducing
Michigan GHG emissions to 80 percent of 2005 levels by 2050. Policy options cover all sectors
of the Michigan economy and have sweeping implications for the long-term performance of the
Michigan economy. From the initial 330 policy options reviewed, the MCAC selected 54 least
costly policy options for reducing GHG emissions and addressing related energy and commerce
issues in Michigan. Moreover, several policy options are expected to result in net cost savings
in that savings generated from implementation are expected to outweigh initial costs. For
example, many electricity demand-side management practices translate into less electricity
needed to produce a given outcome, such as running an assembly line or cooling a home.
When this is accomplished at no cost at all or at a net cost-savings on an electricity bill, this is
referred to as an energy efficiency improvement’. In other cases, as when new equipment must
be purchased, the additional expense may exceed this cost savings in reducing GHG emissions.

Of the 54 policy options approved by the MCAC for action in Michigan, 33 were analyzed
guantitatively to calculate both emission reductions and net direct costs. Based on this
analysis, the 33 quantified policies have the cumulative effect of reducing annual GHG
emissions by approximately 41 million metric tons of carbon dioxide equivalent (MMtCO,e) in
2015 and by 117 MMtCO-e in 2025. The MCAC approved policy options were estimated to

! This definition is widely used by economists and employed here; however, the CAP may also include some
positive cost demand-side management measures within the meaning of “energy efficiency.”
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generate a net cumulative savings of about $10 billion between 2009 and 2025. Based on
MCAC estimates, the weighted-average cost-effectiveness of these policies was estimated to be
a savings of approximately $10.20 per ton of carbon dioxide equivalent reduced.

Expenditures and cost-savings estimates provided by the TWGs are specific to those directly
impacted by the change in cash flows. That is, the TWGs provided estimates of direct impacts
of policy implementation. However, direct impacts do not take into consideration secondary
impacts on the state’s economy as a whole. The task of measuring such macroeconomic
impacts was beyond the scope of the TWG tasks.

The macroeconomic impacts of CAP include the direct economic impacts as well as all
associated ripple effects of spending changes on mitigation and the interaction of demand and
supply in various markets. For example, a reduction in consumer demand for electricity
reduces the demand for electricity generation by all sources, including both fossil and
renewable energy sources. At the same time, businesses and households, whose electricity
bills have decreased, have more money to spend on other goods and services. This shift in
purchases may or may not generate net positive impacts on other sectors in the economy
depending on many factors, including the allocation of expenditures within the state relative to
those outside the state.

To further illustrate how macroeconomic outcomes unfold, consider that Michigan imports
most of its energy consumption (EIA, 2009b; NextEnergy Center, 2007). Thus, approximately 90
percent of Michigan’s household and business purchases of energy leave the state. Reducing
purchases on energy would reduce the amount of money leaving the state if alternative
purchases are more likely to remain in the state. Consider households, for instance. If the 90
percent ratio holds true for household energy purchases, then for every dollar households
spend on energy, only 10 cents re-circulates in the state economy. Alternatively, if that dollar
was spent on a restaurant meal, a much larger percent of the initial expenditure will likely stay
in the state economy.

Hence, shifting from high import to low import purchases will generate more local transactions.
These local transactions also create secondary transactions, which arise as businesses replace
sold inventories, pay wages, repay loans, etc. Beneficiaries of these secondary transactions also
generate further rounds of transactions, and this process continues, diminishing with each
additional round only by the extent to which purchases are made for imported goods and
services. The sum total of these “indirect” impacts is some multiple of the original direct
impact. Therefore, this is often referred to as the multiplier effect — a key aspect of
macroeconomic impact modeling. It applies to both increases and decreases in economic
activity, as well as to changes in relative prices.

Calculating economic impacts requires the use of a sophisticated model that captures the major
structural features of an economy, the workings of its markets, and all of the interactions
between them. This study uses the Regional Economic Models, Inc. Policy Insight” (REMI PI%)
model to simulate the indirect and induced impacts of the CAP policy options. Direct effects for
modeling macroeconomic outcomes are guided by the CAP from extensive consideration by the
MCAC, with the assistance of researchers at The Center for Climate Strategies.
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The objective of this study is to utilize TWG direct impacts of the policy options spelled out in
the CAP and estimate their macroeconomic impacts. The 54 policy option direct impacts are
collapsed into 20 consolidated options for modeling purposes. Both the direct and
macroeconomic impacts are modeled over time to include outcomes from 2010 to 2025.

The findings suggest that implementing the MCAC policy options will generate significantly
positive net macroeconomic impacts. However, not all policy options are expected to lead to
net gains to the economy. Many policy options call for investing in new plant and equipment
that is only partially offset with efficiency gains over time. Although, our analyses generally find
that cost savings from efficiency gains outweigh initial investment costs. Of the 20 consolidated
policy options, 17 are anticipated to generate net increases in employment, and 16 are
expected to generate positive gross state product impacts.

The analyses described in this report are based on best estimations of the costs and savings of
various mitigation options®>. However, these costs and savings, and some conditions relating to
the implementation of these options are not known with full certainty. Examples include the
net cost or cost savings of the options themselves and the extent to which investment in new
equipment will simply displace investment in other equipment in the state or will attract new
capital from elsewhere. Accordingly, we performed sensitivity analyses to investigate
alternative conditions.

The format of this report is as follows. Section 2 summarizes the REMI PI" model used to
estimate the macroeconomic impacts. Section 3 presents an overview of how we translate the
TWGs analysis of CAP policy options into REMI simulation policy variables, as well as how the
data are further refined and linked to key structural and policy variables in the Model. Section
4 summarizes the set-up process of policy simulations in the REMI PI* model. The simulation
results are discussed in section 5, and Section 6 provides a summary of the process and findings
and provides some policy implications of our findings.

1. REMI MODEL ANALYSIS

Several modeling approaches were considered for this analysis including input-output (I-O),
computable general equilibrium (CGE), mathematical programming (MP), and
macroeconometric (ME) models. Each model approach has it own strengths and weaknesses.
The choice of which model to apply depends on the purpose of the analysis and various other
considerations as accuracy, transparency, manageability, and cost. After careful consideration
of modeling options, we chose a hybrid-model option provided by Regional Economic Models,
Inc. — REMI PI*. This is a hybrid model in that it integrates features of 1-O, CGE and ME models.
This combination affords it greater accuracy and completeness than would be afforded by a
single modeling approach in isolation.

2 Data used for REMI inputs were provided by the Michigan Climate Action Council, Technical Workgroups:
Electricity Supply (ES), Residential, Commercial and Industrial (RCI), Transportation and Land Use (TLU), and
Agriculture, Forestry and Waste Management (AFW.
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The REMI PI* Model is a packaged program built around region-specific data. It has been
refined and peer-reviewed over the course of thirty years, and applied to a host of policy
guestions. Government agencies in practically every state in the U.S. have used a REMI Model
for a variety of purposes, including evaluating the impacts of the change in tax rates, the exit or
entry of major businesses or economic programs, and, more recently, the impacts of energy
and/or environmental policy actions (Rose, Wei and CCS, 2009). Several Michigan state
agencies rely on the Michigan-specified REMI PI" model for analysis, including the Michigan
Economic Development Corporation, the Department of Treasury and the Department of
Transportation. Because the REMI PI" model has been widely adopted for addressing state and
local policy questions, it is well documented.

A detailed discussion of the major features of the REMI PI" model is presented in Appendix A.
We simply provide a summary for general readers here. REMI PI* combines the detailed,
economic structure found in cross-sectional I-O models and CGE models with time-series
econometric models that statistically estimates relationships over time. Doing so provides that
the REMI PI" model is based on statistical relationships measured over time with known
statistical properties, rather than based on a single year’s fit of the state data. The REMI PI*
model is especially astute at generating accurate forecasts of economic impacts that fully
account for feedback effects and the timing of economic change. The major limitation of the
REMI PI" model versus custom ME or CGE models is that it is pre-packaged and not readily
adjustable to any unique features of the case in point. The other models, because they are
based on less data and a less formal estimation procedure, can more readily accommodate data
changes in technological representations of associations that might be inferred, for example
from engineering data. However, our assessment of the REMI model is that these adjustments
were not needed for the purpose at hand.

The REMI PI" model is complete in its coverage of the state economy. Unlike most
macroeconometric models that provide little economic detail, this model makes use of the
finely-grained sectoring detail of I-O and CGE models; dividing the economy into 169 sectors.
This sectoring detail is important in a context like the CAP, where various options were fine-
tuned to a given sector or where they directly affect several sectors differently. Similar to a
CGE model, but unlike I1-O models, the REMI PI" model is able to accommodate price responses
to changes in supply and demand. Economic sectors interact with institutions such as
government and households and local labor and capital markets when setting prices. Relative
prices with respect to the national and international economies determine the state’s
competitiveness in the global marketplace.

1. INPUT DATA

A. The Michigan Climate Action Council Climate Action Plan

The MCAC generated 54 policy options to reduce Michigan-generated GHG emissions. The
TWGs determined that most policy options would be net-cost negative, in that the direct cost
savings of implementing that policy option exceed the costs of implementation. For such policy
options, rather than incurring a cost to reduce GHG emissions, a net economic return is
generated. Alternatively, in cases where the costs of implementation exceed savings, the net
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cost per metric ton of carbon dioxide equivalent ($/tCO,e) is negative. The weighted-average
cost-effectiveness of the 54 proposed policy options calculated by the MCAC provides an
estimated net savings of $10.20 per metric ton of carbon dioxide equivalent (tCO,e) if all 54
policy options are implements.

Tables 1 through 4 mirror the CAP policy options with corresponding policy option numbers
along four quantified policy sectors. Each policy option is accompanied by TWG estimates of
the respective policies’ expected GHG reductions, net present value of associated investments
and cost savings, and cost-effectiveness as measured by net present value of cash flows per
metric ton of carbon dioxide equivalent ($/tCO,e)>. Summaries of direct impacts for each
sector are provided in the grey-shaded rows at the bottom of the tables. Cells shaded in yellow
show TWG estimates that warranted updates to account for changes in the baseline projections
of economic activity and changes in electricity and fuel prices since the completion of the MCAC
report, as discussed below.

Table 1. MCAC Energy Supply Policy Options*

GHG Reductions
(MMtCO,e) Net Present Cost-
Policy Policy Option Value Effective-
No. O T Total 200.9.—2025 ness
2009-2025 (Million $) [ ($/tCOze)
2(;:2\:\;?;? l:g;trf\;)elicéi?ndard and Distributed 5 14.6 137.5 $6,600 $48.00
Renewable Portfolio Standard (RPS) 4.6 13.7 129.5 $5,546 $42.83
Wind 3.7 10.3 100.4 $4,748 $47.31
Biomass 0.9 2.7 25.2 $376 $15
Solar Photovoltaic (PV) 0 0.4 2.6 $392 $152
ES-1 Plasma Gasification 0 0.3 1.3 $29 $22
Distributed Generation "Carve-Out" 0.4 0.9 8 $1,054 $131.51
Solar Hot Water 0 0.2 1.2 $26 $22.27
Geothermal 0.1 0.2 1.5 $82 S55
Wind (distributed) 0.1 0.3 2.7 $503 $186
Solar PV (distributed) 0.1 0.2 1.84 $508 $276
Biogas 0.1 0.2 2.3 S17 S7
ES-3 Energy Optimization Standard 0 13.6 86.3 -$1,632 -$19
s | Bl e naen 1t o uoniont
ES-6 | New Nuclear Power 0 6.3 385 | $1,000 | $25.98
ol T e o g
ES-8 Smart Grid, Including Advanced Metering Not Quantifiable

® The MCAC favored discounting future cash flows at 5 percent per annum. Positive Net Present Value and Cost-
Effectiveness imply net-cost negative values, where the discounted value of cost savings exceed the discounted
values of costs of implementation.
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GHG Reductions
: (MMtCO,e) Net Present Cos!:-
Policy Policv Option Value Effective-
No. yop sots | 2005 Total 2009-2025 ness
2009-2025 (Million $) [ ($/tCOze)
£S-9 CCSR .Incentl.v?s, Requirements, R&D, and/or Not Quantifiable
Enabling Policies
Technology-Focused Initiatives (Biomass Co-
firing, Energy Storage, Fuel Cells, Etc.), Including
Research, Development, & Demonstration
ES-10 | co-firing at 5% 0.2 0.2 33 $34.48 $10.60
Co-firing at 10% 0.5 0.5 6.5 $69.43 $10.70
Co-firing at 20% 0.9 0.9 13 $134.09 $10.30
£S-11 Power Plant Replacement, Energy Efficiency, 25 ) 332 $313 $9.40
and Repowering
DIStr.IbUtEd Renewable Energy Incentives, ES-12 Fully incorporated in distributed generation "carve-out"
ES-12 Barrier Removal, and Development Issues,
. . under ES-1.
Including Grid Access
£S-13 Comblped Heat and quer (CHP) Standards, 0.4 05 78 $31.91 $4.09
Incentives and/or Barrier Removal
ES-15 | Transmission Access and Upgrades Not Quantifiable
Sector Totals 8.1 37.2 | 306.6 $6,348 $22
Sector Total After Adjusting for Overlaps 8.1 23.6 | 220.3 $7,980 $36
* Options selected for update are shaded yellow
Table 2. MCAC Residential, Commercial, and Industrial Policy Options*
GHG Reductions Net P . e
' (MMLCO,e) et Presen os.
Policy Policv Option Value Effective-
No. e Total | 2009-2025 ness
2015 2025 2009- (Million $) ($/tCO5e)
2025
RCI-1 Utility Demand-Side Management for Electricity and 0 13.6 86.3 1632 _19
Natural Gas
RCI-2 EX|s.t|ng BU|Id|ng.s.Ene.rgy Eff|C|e.ncy I.ncentlves, 176 53.8 428.6 12,107 o
Assistance, Certification, and Financing
Regulatory (PSC) Changes to Remove Disincentives and -
RCI-3 Encourage Energy Efficiency Investments by I0Us Not Quantifiable
RCI-4 Adgpt More Stringent Building Codes for Energy 36 9.8 82 2,865 _35
Efficiency
RCI-5 Ml Climate Challenge & Related Consumer Education Not Quantifiable
Programs
RCI-6 Incentives to.Promote Renewable Energy Systems 0.7 15 14 1,958 140
Implementation
RCI-7 Promotlor'm an'd Incent!ves for Improved Design and 15.6 476 380 11,603 3
Construction in the Private Sector
RCI-8 Net Metering for Distributed Generation Fully incorporated into RCI-6
RCI-9 Training & I?ducatmn for Bldg. Design, Construction, Not Quantifiable
and Operation
RCI-10 Water Use and Management Not Quantifiable

The Center for Climate Strategies
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GHG Reductions
Net Present Cost-

: (MMtCO,e) :
Policy Policv Option Value Effective-
No. e Total | 2009-2025 ness

2015 | 2025 | 2009- | (million$) | ($/tCOe)
2025
Sector Total After Adjusting for Overlaps* 21.8 64.9 523.9 -13,014 -24.8
* Options selected for update are shaded yellow
Table 3. MCAC Transportation and Land Use Policy Options*
GHG Reductions Net Present Cost-
Policy . . (MMtCO,e) Value Effective-
Policy Option
No. Total 2009-2025 ness
2015 2025 2009-2025 (Million $) ($/tC0O,e)
TLU-1 Promote Low-Carbon Fuel Use in Transportation 2.6 5.9 53 $820 S16
TLU-2 Eco-Driver Program 1.1 2.2 22 -$3,921 -$176
TLU-3 Truck Idling Policies 0.36 0.76 7 -$596 —$85
TLU-4 Advanced Vehicle Technology 0.01 0.03 0.19 $281 $1,458
TLU-5 Congestion Mitigation 0.08 0.18 1.7 -$135 -$81
TLU-6 Land Use Planning and Incentives 0.14 0.43 3.2 -$598 -$189
TLU-7 Transit and Travel Options 0.13 0.54 3.5 $655 $185
TLU-8 Increase Rail Capacity, and Address Rail Freight 01 0.19 ) $69 $35
System Bottlenecks
TLU-9 Great Lakes Shipping 0.24 0.27 2.5 NQ NQ
Sector Totals 4.76 10.5 95.1 -$3,425 -$36
Sector Total After Adjusting for Overlaps 4.76 10.5 95.1 —-$3,425 -$36
* Options selected for update are shaded yellow
Table 4. MCAC Agriculture, Forestry, and Waste Management Policy Options*
GHG Reductions Net
(MMtCO,e) Present Cost-
Polic Rl Effective-
Y Policy Option Total | 2009-
No. ota o ness
2015 2025 | 2009- 02 ($/tCO,e)
2025 (Ml"lon
2005$)
AEW-1 Expanded Use of Bloma_ss Feedstocks for Electricity, 33 10 79 $1,649 $21
Heat, or Steam Production
AFW-2* In-State Liquid Biofuels Production Included in the Results of TLU-1
Methane Capture and Utilization From Manure and
AFW-3 Other Biological Waste 0.09 0.14 15 e =
. A. Use of Bio-based Products 0.08 0.21 1.7 -$108 -$62
Expanded Use of Bio- — -
AFW-4 . B. Utilization of Solid Wood .
based Materials A Not Quantified
Residues
Land Use A. Increase in Permanent
AFW-5 Management That Cover Area 0.08 0.21 18 563 »34
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GHG Reductions Net
(MMtCO,e) Present Cost-
Polic Value Effective-
¥ Policy Option Total 2009-
No. ota 2025 ness
2015 2025 | 2009- 02 ($/tCO%€)
2025 (Million
20053)
Promotes B. Retention of Lands in
Permanent Cover Conservation Programsf 0.05 0.11 11 »24 »23
C. Retention / of Wetlands Not Quantified
A. Agricultural Land
- :Orest:*ty anIdL . Protection 0.46 1.1 10 $864 $85
i Prg;:c(:::til;;a an B. Forested Land Protection Not Quantified
C. Peatlands/Protection Not Quantified
Promotion of A. Soil Carbon Management 0.7 1.7 15 -$200 -$13
Farming Practices B. Nutrient Efficiency 0.05 0.12 1.1 —$27 -$26
AFW-7 . .
That Achieve GHG C. Energy Efficiency 0.13 0.32 29 -$102 —$35
Benefits D. Local Food Not Quantified
Forest Management A. Enhanced Forestland 0.53 1.42 12.05 $800 366
for Carbon Management
AFW-8 .
Sequestration and B. Urban Forest Canopy 1.2 2.9 26 -S$346 -$13
Biodiversity C. Reduce Wildfire Not Quantified
Source Reduction, Advanced Recycling, and Organics
Management
AFW-9 -
In-State GHG Reductions 1.4 3 28 -$3,136 -$112
Full Life-Cycle Reductions 14.5 35.3 314 -$3,136 -$10
AFW-10 Landfill Methane Energy Programs 0.91 2.7 22 -$35 -$2
Sector Totals' 9 23 201 -$548 -$3
Sector Total After Adjusting for Overlaps' 6 17 147 -$1,634 -$11

* Options selected for update are shaded yellow

The CAP provided detailed cost, savings and related information for each of the quantified
policy options. However, despite the fact that the Action Plan was released in March of this
year, there is a need to revisit the original quantification of the options and the business-as-
usual forecast of emissions to reflect changes in the underlying economy since March.

Updates consider three factors that may have changed since the plan was completed and
delivered to the Governor:

e The effects of the recession on assumed levels of economic growth and other economy-
driven assumptions;

e The effects of changes in fuel prices;

e The impacts of recent state or federal actions on assumed future levels of GHG
emissions in the absence of the proposed new GHG reduction policies.

The 33 quantified MCAC options range in GHG reduction potential from 0.03 MMtCO,e
reductions in 2025 for Advanced Vehicle Technology (TLU-4) to 53.8 MMtCO,e for Existing
Buildings Energy Efficiency Incentives, Assistance, Certification, and Financing (RCI-2). Given the
relatively short amount of time available to conduct this study it was decided that only the
more significant options would be re-quantified and analyzed through the macroeconomic
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model. The 21 highlighted policies represent 95 percent of all 2025 projected GHG reductions
under the original analysis, after taking into consideration policy overlaps.

These 21 original options were then classified into 20 ‘consolidated options’, which represent
policies (1) having the greatest GHG reduction potential; (2) being gateway options with limited
near-term reduction potential but holding great promise in later years (carbon capture and
storage or reuse, nuclear); or (3) having limited potential statewide but are highly cost-effective
and important for other reasons. Table 5 summarizes the consolidated options specified for
this study.

Table 5: Specification of Consolidated Options

Consolidated
Option
Name Consolidated Option Description
Energy Supply Policy Options (ES)
ES1 ES Consolidated Option #1: Renewable Portfolio Standard
ES2 ES Consolidated Option #2: Nuclear
ES3 ES Consolidated Option #3: Energy Efficiency, Repowering, Technology
ES4 ES Consolidated Option #4: Combine Heat and Power
Residential, Commercial, and Industrial Policy Options (RCI)
RCI1 RCI Consolidated Option #1: Demand Side Management Programs
RCI2 RCI Consolidated Option #2: High Performance Buildings (private and public sector)
RCI3 RCI Consolidated Option #4: Building Codes
Transportation and Land Use Policy Options (TLU)
TLUL TLU Consolidated Option #1: Anti-ldling Technologies and Practices
TLU2 TLU Consolidated Option #2: Vehicle Purchase Incentives
TLU3 TLU Consolidated Option #3: Mode Shift from Truck to Rail
TLU4 TLU Consolidated Option #4: Renewable Fuel Standard (biofuels goals)
TLUS TLU Consolidated Option #5: Transit
TLUG TLU Consolidated Option #6: Land Use
Agriculture, Forestry, and Waste Management Policy Options (AFW)
AFW1 AFW Consolidated Option #1: Soil Carbon Management
AFW2 AFW Consolidated Option #2: Nutrient Management
AFW3 AFW Consolidated Option #3: Livestock Manure
AFWA4 AFW Consolidated Option #4: MSW Landfill Gas Management
AFW5 AFW Consolidated Option #5: Enhanced Recycling of Municipal Solid Waste
AFW6 AFW Consolidated Option #6: Reforestation/Afforestation
AFW7 AFW Consolidated Option #7: Urban Forestry

When the Action Plan was published, it was projected that the 33 quantified options would
achieve a 40 percent reduction of GHG emissions in 2025 as compared to business as usual.
Given that emissions are no longer expected to grow as fast as assumed when the plan was
developed, and that total reductions are now expected to be 121 MMtCO,e 2025, which
compares favorably with the original Action Plan 2025 estimate of 117 MMtCO,e. The updated
projections now indicate a 44 percent reduction is possible in 2025.

The MCAC recommended reduction goals of 20 percent below 2005 levels by 2020 and 80
percent below 2005 by 2050. The 2020 goal equates to total emissions no greater than 198
MMtCo,e in 2020. The revised business-as-usual forecast projects emission of 247.1 MMtCO,e
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in 2020, requiring reductions of 49 MMtCO,e. The Action Plan estimated that the
implementation of all MCAC policies would result in 78.9 MMtCO,e in reductions in 2020. Total
emissions reductions from policies based upon this update are now expected to total 90
MMtCO,e; therefore, if all updated policies were implemented current projections indicate that
the 2020 goal would be met with 41 MMtCO,e to spare.

Overall, cost effectiveness has shifted since the Action Plan report. It was originally estimated
that to implement all recommended policies would result in an average net savings of $10.20
per ton of CO,e removed. The new estimate for the subset of policies updated here is an
average net positive cost of $0.30 per ton CO,e. There are two reasons for this shift. The first
has to do with the methodology of this update, and the second is attributable to updated cost
analysis in the forestry and waste sectors.

The first issue relates to the use of the consolidated option approach and its effect on a single
TLU option, specifically, TLU-2, Eco-Driver Program. TLU-2 was not included in the update or
REMI analysis because it offers unusually high net cost savings for a program that is essentially
behavioral, making the projected savings somewhat speculative. Since any additional savings
will likely increase macroeconomic benefits, the exclusion of TLU-2 means that any savings
derived from this recommendation would result in macroeconomic benefits over and above
those projected here.

TLU-2 contributed reductions at a very high cost savings in the original MCAC Action Plan, and
its exclusion here ‘increases’ the net costs in the TLU sector and the plan as a whole. This
update, exclusive of TLU-2, finds a TLU sector total cost of positive $5.64 per ton — a decline in
cost-effectiveness of more than $41 per ton compared to the original MCAC analysis. If we
include the original results for TLU-2 into the update, the sector total result is a savings of $39
per ton, which represents an increase of cost effectiveness of $3 per ton. In other words, the
entire reason for the apparent decline in cost effectiveness for the TLU sector is the exclusion of
TLU-2 from the analysis.

The cost effectiveness for the updated policy options across all four sectors is $0.30 per ton. If
TLU-2 had been included in the updated analysis, the overall cost effectiveness would have
been a savings of $3.30 per ton.

Appendix E provides a more detailed discussion of the MCAC Action Plan policy option updates
used in this analysis.

REMI model inputs are generated for each of the 20 consolidated options as described in the
next section. Each consolidated option is analyzed individually. Additionally, an aggregate run
of all consolidated options is generated to assess the overall macroeconomic impact of the CAP
in its entirety. The sum of the individual macroeconomic impacts of the 20 consolidated
options may not necessarily add up to a single simultaneous analysis of all 20 consolidated
options, because REMI PI" takes into account interactive effects across policy options when
they are analyzed together. If the simultaneously estimated macroeconomic impacts exceed
the sum of the individual impacts, the interaction of policy options is complementary, and the
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positive impact of one expands the impact of another. Alternatively, if the sum of the parts
exceeds the simultaneously estimated impacts, the interactions are offsetting.

B. REMI PI* Model Input Development
Estimating the macroeconomic impacts of the 20 consolidated policy options starts with
specifying the direct effects from the CAP policy options. This section documents how
consolidated options are translated into REMI PI" inputs for modeling macroeconomic

outcomes.

First, the CAP policy options in Tables 1 to 4 are collapsed into 20 consolidated options
summarized in Table 6. Collapsing CAP policy options has the potential to generate overlapping
direct impacts that will result in double-counting direct effects if not corrected. Such potential
for double -counting exists because the TWGs evaluated each policy option in isolation.
However, several CAP policy options have overlapping options that should be accounted for
when estimating impacts in isolation, but should be netted out when combining two or more
policy options. For example, policy option RCI-7 —in Table 2 overlaps with both RCI-2 and RCI-4
if all three policies are implemented. We remove overlap of consolidated options by applying
“overlap factors” developed by the TWGs to both costs and savings of related policy options.

Table 6. CAP Consolidated Options Updated and Quantified for 2025*

Storage/Sequestration or Reuse

Mi
Cumulative
GHG .. Cost-
Updated MI Consolidated Options Reductions Emlsspns NPV'2009- Effective-
Reductions 2025 Notes
(MMtCO,e) . ness
2025 (MMtCO,e, (Smillion) ($/tC0se)
2009-2025) 2
ES-3 is considered as well.
However, since it is entirely
Energy Supply 22,91 188.92 $5,509.00 $29.16 |overlapped with the RCI
options, it is not included
in the sectoral total.
ES Consolidated Option #1:
Renewable Portfolio Standard (ES-1) 12.88 107.28 »4,413 24114
ES Consolidated Option #2: Nuclear 754 46.27 $1,001 $21.63"
(ES-6)
ES Consolidated Option #3: Coal Plant
Efficiency Improvements and 2.49 35.38 $95 $2.67
Repowering (ES-10 and ES-11)
ES Consolidated Option #4: Combined
heat and power (ES-13) 051 7.97 »35.40 »4.44
Carbon Capture and n/a n/a n/a n/a Not quantified in the

original analysis

* The data on new nuclear capital and O&M costs for this option were provided by DTE Energy based upon
planning for the proposed Fermi 3 nuclear unit scheduled to come online in 2020. While the cost data was
approved by the MCAC after much discussion, the estimates did not include long-term storage of spent fuel. It
also should be noted that the cost-effectiveness reported here relies upon these MCAC capital and O&M costs
which are significantly lower than those reported by industry and the World Bank.
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Mi
Cumulative
GHG .. Cost-
Updated MI Consolidated Options Reductions Emlsspns NPV 2005- Effective-
Reductions 2025 Notes
(MMtCO,e) . ness
5000 (MMtCO,e, (Smillion) ($/tCO,e)
2009-2025) 2
RCI-1 and RCI-7 are
considered as well.
. . . However, since they are
Residential, Commercial, and 64.61 522.46 | -$14,578.13 |  -$27.90 |entirely overlapped with
Industrial
RCI-2, they are not
included in the sectoral
total.
RCI Consolidated Option #1: Demand
Side Management Programs (RCI-2) 28.77 229.23 -$6,278.33 ~$27.39
RCI Consolidated Option #2: High
Performance Buildings (private and 25.51 203.28 | -$5,567.57 -$27.39
public sector) (RCI-2)
RCI Consolidated Option #3: Building
Codes (RCI-4) 9.82 81.98 -$2,767.63 -$33.76
. Not quantified in the
Appliance standards n/a n/a n/a n/a original analysis
Transportation and Land Use 7.71 68.10 $384.34 $5.64
TLU Consolidated Option #1: Anti-
Idling Technologies and Practices 0.73 6.61 -$316.71 -$47.92
(TLU-3)
TLU Consolidated Option #2: Vehicle
Purchase Incentives, including rebates 0.02 0.18 $254.25 | $1,411.33
(TLU-4)
TLU Consolidated Option #3: Mode
Shift from Truck to Rail (TLU-8) 0.20 2.09 »194.53 »93.12
TLU Consolidated Option #4:
Renewable Fuel Standard (biofuels 5.90 52.89 $219.71 $4.15
goals) (TLU-1)
TLU Consolidated Option #5: Transit 043 317 $325.95 $102.86
(TLU-7)
TLU Consolidated Option #6: Smart
Growth/Land Use (TLU-6) 0.43 3.16 -$293.39 -$92.84
Agriculture 2.00 18.27 -$234.49 -$12.83
AFW Consolidated Option #1: Soil
1.72 15. -$209. -$13.47
Carbon Management (AFW-7a) >-56 5209.68 »13
AFW Consolidated Option #2:
Nutrient Management (AFW-7b) 0.14 1.25 52733 -$21.91
AFW Consolidated Option #3:
Livestock Manure - Anaerobic
Digestion and Methane Utilization 0.14 1.46 2252 2172
(AFW-3)
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Mi
Cumulative
GHG .. Cost-
Updated MI Consolidated Options Reductions Emlsspns e B = e
Reductions 2025 Notes
(MMtCO,e) . ness
5000 (MMtCO,e, (Smillion) ($/tCO,e)
2009-2025) 2
Waste 23.21 258.02 3842.30 $14.89
AFW Consolidated Option #4: MSW
Landfill Gas Management (AFW-10) 2.71 21.99 ~548.82 5222
AFW Consolidated Option #5: gjmfeoéggjg;’;:c&iiso
Enhanced Recycling of Municipal Solid 20.49 236.02 $3,891.12 $16.49 !
Waste (AFW-9) Source Reduction goal was
recommended by TWG
Municipal Solid Waste Source Not quantified in the
- n/a n/a n/a n/a . .
Reduction original analysis
Forestry 3.97 35.22 5,355.04 $152.04
AFW Consolidated Option #6:
Reforestation / Afforestation (AFW-8a, 0.94 7.98 $362.48 $45.44
part 1)
AFW Consolidated Option #7: Urban
Forestry (AFW-8b) 3.03 27.24 $4,992.56 $183.26
Forest Retention n/a n/a n/a n/a Not quantified in the
original analysis
TOTAL 124.4 1,090.00 $278.06 $0.25

*All the within-sector and across-sector overlaps have been adjusted.

The quantification analysis of the costs/savings undertaken by the TWGs was limited to the
direct effects of implementing the policy options. For example, the direct costs of an energy
efficiency option may include the ratepayers’ payment for the program and the energy
customers’ expenditure on energy efficiency equipment and devices. The direct savings and
costs of this policy option are estimated by the TWG and only consider impacts to those
incurring additional costs or benefiting in cost savings. Understanding the macroeconomic
impacts requires modeling how changes in these initial costs and savings impact other sectors.
The direct changes in expenditures generate ripple effects throughout the economy in response
to changes in purchases and in relative prices, including production costs. Direct impacts are
specified and inserted into the REMI PI* model that estimates such secondary, or ripple, effects.

Quantifying the consolidated policy options into model inputs compatible with the REMI PI*
model involves selecting appropriate variables, which we refer to as “policy levers” in the
model to link to each policy direct effect. The input data include sectoral spending and costs or
savings over the full time horizon (2009-2025) of the analysis. Multiple policy levers are
specified for each policy option to reflect investment, cost of production, energy usage, and

other factors relevant to the policy option. Tables 7-10 provides examples of how we translate
—or map —the TWG-estimated direct effects into REMI economic variable inputs from each of
the four policy sectors. The Michigan Climate Action Council, Climate Action Plan (MCAC 2009)
provides detailed discussions of the methodologies and TWG estimates of direct effects used in
this study and translated into REMI policy variables.
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Table 7 shows the microeconomic policy levers used to simulate the macroeconomic outcomes
of the Renewable Portfolio Standard (RPS) policy option. A RPS requires that utilities supply a
determined proportion of retail sales from eligible renewable energy sources on a progressive
scale over time. The CAP RPS option is spelled out in MI PA 295 through the year 2015. Beyond
2015, the policy option follows minimum renewable standards contained in the Midwestern
Governors Association goals.5

The proposed renewable portfolio standard entails a combination of tax credits and mandates
to encourage renewable feedstocks for electricity generation, including biomass, wind, solar
and plasma gasification (MCAC, 2009). The direct effect on producers’ cost of generating
electricity is the incremental costs in capital, and operations and maintenance, and reduction
on fuel costs of renewable electricity generation relative to the current processes. The REMI PI*
model captures these costs as the incremental difference in capital costs and production costs
of electricity generation. These policy levers are shown in the first two rows of Table 7. The
REMI policy variable “Capital Cost” for “Electric power generation, transmission, and
distribution” is used to capture incremental costs of capital and equipment, while the
“Production Cost” variable is used to capture those of operations and maintenance.

Investment in new plant and equipment will increase construction demand and demand for
turbines and transmission capital. Based on assumptions discussed below, up-front
investments are paid through debt financing; increasing the demand for financial services and
interest payments. The REMI PI" model uses “Exogenous Final Demand” increases in
“Construction,” in “Engine, Turbine, and Power Transmission Equipment Manufacturing” and in
“Monetary Authorities, Credit Intermediation” to capture these additional expenditures.

Table 7. Mapping the Quantification Results of ES Consolidated Option #1
Renewable Portfolio Standard into REMI Inputs

Policy Variable Selection in REMI

Quantification Results

Incremental Capital Cost of
Electricity Generation (Renewable
minus Avoided Traditional)

Incremental O&M Cost of
Electricity Generation (Renewable
minus Avoided Traditional)

Compensation, Prices, and Costs Block —Capital Cost (amount) of Electric Power
Generation, Transmission, and Distribution sectors—Increase

Compensation, Prices, and Costs Block —Production Cost (amount) of Electric
Power Generation, Transmission, and Distribution sectors—Increase

Reduction on Fuel Cost of
Electricity Generation

Compensation, Prices, and Costs Block —Production Cost (amount) of Electric
Power Generation, Transmission, and Distribution sectors—Decrease

Incremental Investment in
Generation Technologies
(Renewable minus Avoided
Traditional)

Output and Demand Block —Exogenous Final Demand (amount) for Construction
sector—Increase

Output and Demand Block —Exogenous Final Demand (amount) for Engine,
Turbine, and Power Transmission Equipment Manufacturing sector—Increase

Interest Payment of Financing
Capital Investment

Output and Demand Block —Exogenous Final Demand (amount) for Monetary
Authorities, Credit Intermediation sector—Increase

Fuel Savings

Output and Demand Block —Exogenous Final Demand (amount) for Coal Mining
sector—Decrease?

Tax Credits to Renewable
Electricity Generation

Output and Demand Block —State Government spending (amount) — Decrease

& Assume the displaced electricity generations are all coal-fired electricity.
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Cost savings are incurred through reductions in the use of coal as a feedstock to electricity
power generation. This is captured by reducing the policy level “Exogenous Final Demand” for
“Coal Mining.”

One additional policy lever is specified to recognize government investment in tax credits for
renewable electricity generation. The REMI variable for “State Government Spending” of
“Total” expenditures is decreased by estimates of state investment, as shown in the last row of
Table 7.

Table 8 shows how the microeconomic results of Demand-Side Management (DSM) are
translated, or mapped, into REMI economic variable inputs. DSM refers to programs
implemented by the utility sectors aimed at reducing electricity, natural gas, and other fuel
consumptions in the business and household sectors.

The first set of inputs in Table 8 is the increased cost to the commercial, industrial, and
residential sectors due to the purchases of energy efficient equipment and appliances. For the
commercial and industrial sectors, this is simulated in REMI by increasing the value of the
“Capital Cost” variable of individual commercial sectors and individual industrial sectors under
the “Compensation, Prices, and Costs Block.” For the residential sector, the program costs are
simulated by increasing the “Consumer Spending” on “Kitchen & Other Household Appliances”
(and decreasing all the other consumptions correspondingly). The “Consumer Spending
(amount)” and “Consumption Reallocation (amount)” variables can be found in the “Output
and Demand Block” in the REMI Model.

The second set of inputs is the corresponding stimulus effect to the economy of the spending
on efficient equipment and appliances, i.e., the increase in the final demand for goods and
services from the industries that supply energy efficient equipment and appliances. This is
simulated in REMI by increasing the “Exogenous Final Demand” (in the “Output and Demand
Block”) of the following sectors: Ventilation, Heating, Air-conditioning, and Commercial
Refrigeration
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Table 8. Mapping the Quantification Results of RCI Consolidated Option #1
Demand-Side Management into REMI Inputs

Quantification Results

Policy Variable Selection in REMI

Businesses
(Commercial and
Industrial Sectors)

Compensation, Prices, and Costs Block —Capital Cost
(amount) of individual commercial sectors—Increase

Customer Outlay on
Energy Efficiency
(EE)

Households
(Residential Sector)

Output and Demand Block—Consumer Spending
(amount)—Kitchen & other household appliances—Increase

Output and Demand Block—Consumer Spending (amount)—
Bank service charges, trust services, and safe deposit box
rental—Increase

Output and Demand Block —Consumption Reallocation
(amount)—All Consumption Sectors —Decrease

Investment on EE Technologies

Output and Demand Block —Exogenous Final Demand
(amount) for Ventilation, Heating, Air-conditioning, and
Commercial Refrigeration Equipment Manufacturing sector;
Electric Lighting Equipment Manufacturing sector; Electrical
Equipment Manufacturing sector; Other Electrical Equipment
and Component Manufacturing sector; and Industrial
Machinery Manufacturing sector—Increase

Investment

Interest Payment of Financing Capital

Output and Demand Block —Exogenous Final Demand
(amount) for Monetary Authorities, Credit Intermediation
sector—Increase

Administrative Outlays

Output and Demand Block —Exogenous Final Demand
(amount) for Management, Scientific, and Technical
Consulting Services sector—Increase

Energy Savings of
the Customers

Businesses
(Commercial and
Industrial Sectors)

Compensation, Prices, and Costs Block— Electricity and
Natural Gas (Commercial Sectors) Fuel Cost (share) of All
Commercial Sectors—Decrease

Compensation, Prices, and Costs Block— Electricity, Natural
Gas, and Residual (Industrial Sectors) Fuel Cost (share) of All
Industrial Sectors—Decrease

Households
(Residential Sector)

Output and Demand Block—Consumer Spending
(amount)—Electricity and Gas—Decrease

Output and Demand Block —Consumption Reallocation
(amount)—All Consumption Sectors —Increase

Energy Demand Decrea
Supply Sectors

se from the Energy

Output and Demand Block —Exogenous Final Demand
(amount) for Electric Power Generation, Transmission, and
Distribution sector; Natural Gas Distribution sector; Coal
Mining sector; and Petroleum and Coal Products
Manufacturing sector—Decrease

Equipment Manufacturing sector; Electric Lighting Equipment Manufacturing sector; Electrical
Equipment Manufacturing sector; Other Electrical Equipment and Component Manufacturing
sector; and Industrial Machinery Manufacturing sector. The interest payment due to the
financing of the capital cost is simulated as the “Exogenous Final Demand” increase of the
Monetary Authorities, Credit Intermediation sector. The administrative cost of the DSM
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program is simulated as the “Exogenous Final Demand” increase of the Management, Scientific,
and Technical Consulting Services sector.

The third set of inputs to REMI is the energy savings of the commercial, industrial, and
residential sectors resulted from the DSM program. For the commercial and industrial sectors,
the energy savings are simulated in REMI by decreasing the value of the “Electricity/Natural
Gas/Residual Fuel Cost of All Commercial/Industrial Sectors” variables. These variables can be
found in the “Compensation, Prices, and Costs Block.” For the residential sector, the energy
savings are simulated by decreasing the “Consumer Spending” on “Electricity” and “Gas” (and
increasing all the other consumption categories correspondingly). Again, the “Consumer
Spending (amount)” and “Consumption Reallocation (amount)” variables can be found in the
“Output and Demand Block” in the REMI model.

The last set of inputs is the corresponding damping effects to the energy supply sector due to
the decrease in the demand from the customer sectors. These effects are simulated by
reducing the “Exogenous Final Demand” of the Electric Power Generation, Transmission, and
Distribution sector; Natural Gas Distribution sector; Coal Mining sector; and Petroleum and Coal
Products Manufacturing sector in REMI.

Table 9 shows the policy levers used to simulate TLU Consolidated Option 3 of shifting
transportation modes from truck to rail. This policy option will generate investment in non-
road transportation construction and the purchase of capital equipment to facilitate rail
transportation, with a substantial portion paid from borrowing. Investment in rail capacity is
captured by increasing the policy variables “Capital Cost” for “Rail transportation” and
“Exogenous Final Demand” for the “Construction” sector, as shown in the first two rows. Debt
financing of infrastructure investments are captured by increasing “Exogenous Final Demand”
for “Monetary authorities, credit intermediation,” in the third row.

Operational costs differences are captured by modifying fuel usage as shown in the last two
rows of Table 9. Reductions in local demand for diesel fuel will impact the cost and use of truck
fuel as captured by a decrease in “Residual Fuel Cost for Truck Transportation Sector” and
reductions in the “Exogenous Final Demand” of “Petroleum and Coal Products.”

Finally, Table 10 shows the REMI policy levers for AFW Consolidated Option #7 — Public
Investment in Urban Forestry. Under this policy option, local governments invest in urban
treescaping, drawing down expenditures on other public goods and services. Households,
businesses and local governments benefit through lower fuel consumption through summer-
time shading and winter windbreaks, reducing total electricity demand.
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Table 9. Mapping the Quantification Results of TLU Consolidated Option #3 Mode
Shift from Truck to Rail into REMI Inputs

Quantification Results Policy Variable Selection in REMI

Cost of Additional Terminal Compensation, Prices, and Costs Block—Capital Cost of Rail Transportation
and Track Upgrades sector—Increase

Investment to Improve Rail Output and Demand Block —Exogenous Final Demand (amount) for
Transportation System Construction sector—Increase

Interest Payment of Financing Output and Demand Block —Exogenous Final Demand (amount) for
Capital Investment Monetary Authorities, Credit Intermediation sector— Increase

Compensation, Prices, and Costs Block —Residual Fuel Cost for Truck

Fuel Savings .
g Transportation sector—Decrease

Output and Demand Block —Exogenous Final Demand (amount) for

Fuel Demand Decr f Fuel .
uel Demand Decrease of Fue Petroleum and Coal Products Manufacturing sector—Decrease

Table 10. Mapping the Quantification Results of AFW Consolidated Option #7
Urban Forestry into REMI Inputs

Quantification Results Policy Variable Selection in REMI

Output and Demand Block —Exogenous Final Demand (amount)
Spending Stimulation for Forestry; Fishing, Hunting and Trapping sector and Support
Activities for Agriculture and Forestry sector —Increase

Output and Demand Block —Local Government spending
(amount) — Decrease®

Compensation, Prices, and Costs Block— Electricity
Commercial Sectors | (Commercial Sectors) Fuel Cost (amount) of All Commercial
Sectors —>Decrease”

Cost of Urban Forestry

Energy Savings Output and Demand Block—Consumer Spending (amount)
(reduction in Households —>Electricity—Decrease”
electricity (Residential Sector)

Output and Demand Block —Consumption Reallocation

consumption . !
ption) (amount) —>All Consumption Categories —Increase

Output and Demand Block —Local Government spending

Government b
(amount) — Decrease

Output and Demand Block— Exogenous Final Demand (amount)
for Electric Power Generation, Transmission, and Distribution
sector—Decrease

Electricity Demand Decrease from the
Utility Sector

%1t is assumed that all the costs of urban forestry program will be borne by the local government. Accordingly, we
assume the local government spending elsewhere will be reduced by the same amount of spending on the urban
forestry program.

> It is assumed that energy savings resulted from shading of structures will be split between the commercial sector,
residential sector, and government by 40%, 40%, and 20%.

The first row of Table 10 specifies REMI variables used to capture investment in urban forests,
using the “Exogenous Final Demand” variables for “Forestry; Fishing, Hunting and Trapping
sector” and “Support Activities for Agriculture and Forestry sector.” The second row captures
decreases in other local government expenditures using the “Local Government spending”

The Center for Climate Strategies 19 www.climatestrategies.us




Macro Economic Analysis of Michigan’s Climate Action Plan
January 4, 2010

variable. Changes in energy consumption are captured in the next section and the final row.
First, reductions in energy consumption of commercial establishments are reflected in a
decrease in “Electricity (Commercial Sectors) Fuel Cost” for all commercial sectors, as estimated
by the AFW TWG. Household savings are captured by reducing household electricity
consumption and reallocating those expenditures to all other household expenditures. This is
accomplished by decreasing the “Consumer Spending” variable for “Electricity” and increasing
the “Consumption Reallocation” variable for “All Consumption Categories.” This last policy
variable reallocates savings to all consumption categories based on relative proportions of total
expenditures in each spending category. Finally, “Exogenous Final Demand” for “Electric Power
Generation, Transmission, and Distribution sector” is reduced to reflect decrease demand for
electricity.

C. CAP Modeling Assumptions

All economic models entail some level of assumptions to facilitate modeling. Several modeling
assumptions went into the analysis of the CAP policy options. These assumptions simplify the
modeling process and in some cases make the modeling process possible. This section
discusses the assumptions used for this analysis.

The major data sources of the analysis below are the TWG quantification results or their best
estimation of the cost/savings of various recommended policy options. However, we
supplement this with some additional data and assumptions in the REMI analysis where these
costs and some conditions relating to the implementation of the options are not specified by
the TWGs or are not known with certainty. Below is the list of major assumptions we adopted
in the analysis:

1. Inthe base case analysis, for all the policy options that involve capital investment,
we simulated a stimulus from only 50 percent of the capital investment
requirements. This is based on the assumption that 50 percent of the investment in
new equipment will simply displace other investment in the state®.

2. Capital investment in power generation is split 60:40 between sectors that provide
generating equipment and the construction sector for large power plants (such as
coal-fired power plants), and 80:20 for smaller installations (mainly renewables).

3. For the RCl options, the energy consumers’ participant costs of energy efficiency
programs are computed for the residential, commercial, and/or industrial sectors by
the TWGs. For the commercial and industrial sectors, the TWGs’ analyses only
provide the aggregated costs for the entire commercial sector and the entire
industrial sectors. Since in the REMI model, capital cost and production cost
variables can only be simulated for individual commercial sectors or industrial
sectors, we distributed these costs among the 169 REMI sectors based on the Input-

® Model sensitivity to changes in the investment displacement is minimal as described in Section V1.B.2 of this
report
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Output data provided in the REMI model in relation to the delivery of utility services
to individual sectors.

4. The interest payment and the administrative cost are split out from the levelized
cost using the following assumptions:

a. For the RCl options, it is assumed that 50 percent of the RCI costs will be covered
by private sector financing and 50 percent will be covered by the utility
expenditure such as public benefit charges. The administrative costs are
assumed to account for 10 percent of the 50 percent utility portion of the capital
costs.

b. For the ES, AFW, and TLU options that involve capital investment, we assume 100
percent of the total costs will be covered by financing.

5. For the Combined Heat and Power option, the total costs of installing the CHP
systems are only computed for the commercial and industrial sectors as a whole by
the ES TWG. We used the data on Michigan market potential for CHP in existing
facilities of commercial and institutional sectors to distribute the input costs among
individual commercial sectors and the government sector (ONSITE SYCOM Energy
Corporation, 2000), and used the energy consumption data as the weights to
distribute the costs for the industrial sectors in the REMI analysis.

6. For the Restoration/Afforestation option, it is assumed that the costs are borne by
the private sector (farmers). The potential future cost savings from forest products
(e.g., merchantable timber or bioenergy feedstocks) are not taken into account,
since these cost savings would most likely not be realized during the period of this
analysis.

7. Forthe Urban Forestry option, it is assumed that all the costs will be borne by the
local government. It is also assumed that increasing the government spending in the
urban forestry program will be offset by a decrease in the same amount of
government spending on other goods and services. The energy savings breakout is
20 percent government, 40 percent commercial sector, and 40 percent residential
sector.

8. For the TLU options related to fuel cost changes for heavy duty trucks, we distribute
45% of the fuel savings (or cost increase) to the Truck Transportation sector based
on the Vehicle Inventory and Use Survey data that about 45% of the miles
accumulated by heavy trucks are for the “For-Hire” transportation and 55% are for
the “Own Account Transportation” (U.S. Census Bureau, 2002). Further, the 55% of
the fuel savings (or cost increase) are distributed across sectors other than the Truck
Transportation sector in the economy in proportion to the petroleum inputs for each
sector.
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V. REMI SIMULATION SET-UP

Figure 1 shows the approach to policy simulations in the REMI PI" model. A first step is to form
a policy question such as, “What would be the economic impact of a RPS.” Second, the policy
question guides selection of relevant policy variables within the REMI PI* model. For the RPS
example, relevant policy variables may include incremental costs and investment in renewable
electricity generation; avoided generation of conventional electricity; and electricity price
changes. Third, baseline values for all policy variables are used to generate the control forecast
— baseline forecast. Fourth, an alternative forecast is generated by changing policy variables to
represent direct effects guided by the policy question. For the RPS example, the costs to the
ratepayers, the investments to the renewable electricity generation, and avoided investment in
conventional electricity generation represents direct impacts to be entered into the model.
Fifth, the effects of the policy scenario are measured by comparing the baseline forecast and
the alternative forecast. Sensitivity analysis can be undertaken by running a series of
alternative forecasts with different assumptions on the values of the policy variables.

In this study, we first run the REMI model for each of the 20 CAP consolidated policy options
individually. Next, we run a simultaneous simulation in which we assume that all the policy
options are implemented together. Then the simple summation of the effects of individual
options is compared to the simultaneous simulation results to determine whether the “whole”
is different from the “sum” of the parts. Differences can arise from non-linearities and/or

The Center for Climate Strategies 22 www.climatestrategies.us




p

Changes in policy
variables associated
with Policy X

A

Macro Economic Analysis of Michigan’s Climate Action Plan

p

What effect would

~

Policy X have?

January 4, 2010

A
4

J
The REMI Model ) E
Baseline values
r % for all policy
variables
L1 §

Alternative Forecast

L

\[

Control Forecast

\/’

Compare Forecasts

\%

Figure 1: Process of Policy Simulation using REMI PI"
Source: REMI Policy Insight 9.5 User Guide

synergies. The latter would stem from complex functional relationships specified in the REMI

Model.

Before performing the simulations in REMI, overlaps between policy options are eliminated as

much as possible. This process is conducted by applying “overlap factors” identified by the
TWGs to both the costs and savings of the relevant policy options
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A summary of the basic findings of the REMI PI” evaluations of macroeconomic impacts of the
CAP policy options is presented in Tables 11 and 12. These tables report outcomes for each
scenario, broken out into four TWG sectors; AFW, TLU, RCl and ES. Table 11 provides estimated
employment impacts for each consolidated option across four selected years, while Table 12

Table 11: Employment Impacts of the Michigan CAP

(Thousands)
Scenario 2010 2015 2020 2025
AFW1-CO 0.020 0.158 0.266 0.366
AFW2-CO 0.042 0.061 0.082 0.103
AFW3-CO 0.002 0.005 0.006 0.007
AFW4-CO 0.014 0.183 0.495 1.030
AFWS5-CO 0.833 3.871 4.259 3.104
AFW6-CO -0.082 -0.206 -0.300 -0.375
AFW7-CO 1.382 5.643 10.542 15.826
Subtotal: AFW 2.211 9.715 15.350 20.061
TLU1-CO 0.037 0.495 0.747 0.985
TLU2-CO 0.000 -0.517 -0.460 -0.762
TLU3-CO 0.000 -0.951 -0.404 -0.130
TLU4-CO 0.094 4,162 7.930 11.158
TLU5-CO 0.146 1.125 2.268 1.800
TLU6-CO 0.000 0.358 0.605 1.129
Subtotal: TLU 0.277 4.672 10.686 14.180
RCI1-CO 0.734 5.733 12.071 19.120
RCI2-CO 0.650 5.042 10481 16.283
RCI3-CO 0.405 2515 4.791 7.642
Subtotal: RCI 1.789 13.290 27.343 43.045
ES1-CO 0.398 0.662 1.867 2.021
ES2-CO 0.000 0.000 -0.261 1520
ES3-CO 0.026 0.166 0.188 0.208
ES4-CO 0.024 0.226 0.500 0.751
Subtotal: ES 0.448 1.054 2.294 4.500
Summation Total 4.725 28.731 55.673 81.786
Simultaneous Total 4.773 31.373 68.309 129.486

" Findings in this study may differ from similar research findings in other states and in Michigan. Such differences
in findings may stem from variation in economic structures across states, differences in modeling assumptions,
modeling approaches and the underlying economic conditions and projections underlying each study. Hence,
comparisons across studies may generate misleading contrasts.
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Table 12: Gross State Product Impacts of the Michigan CAP

(Billions of fixed 2000 dollars)

Scenario 2010 2015 2020 2025 NPV
AFW1-CO 0.001 0.009 0.017 0.025 0.124
AFW2-CO 0.000 0.001 0.002 0.004 0.017
AFW3-CO 0.000 0.000 0.000 0.000 0.000
AFW4-CO 0.001 0.013 0.040 0.094 0.289
AFW5-CO 0.058 0.241 0.222 0.105 1.920
AFW6-CO -0.007 -0.014 -0.021 -0.028 -0.176
AFW7-CO -0.079 -0.224 -0.307 -0.325 -2.527
Subtotal: AFW -0.026 0.026 -0.047 -0.125 -0.353
TLU1-CO 0.003 0.043 0.078 0.117 0.554
TLU2-CO 0.000 -0.024 -0.025 -0.044 -0.221
TLU3-CO 0.000 -0.057 -0.021 0.002 -0.334
TLU4-CO 0.005 0.229 0.457 0.660 3.234
TLU5-CO 0.005 0.046 0.099 0.090 0.683
TLU6-CO 0.000 0.014 0.026 0.054 0.207
Subtotal: TLU 0.013 0.251 0.614 0.879 4.124
RCI1-CO 0.018 0.265 0.731 1.402 5.065
RCI2-CO 0.016 0.232 0.632 1.189 4.366
RCI3-CO 0.011 0.092 0.217 0.432 1.617
Subtotal: RCI 0.045 0.589 1.580 3.023 11.049
ES1-CO 0.038 0.070 0.220 0.246 1.407
ES2-CO 0.000 0.000 0.004 0.184 0.472
ES3-CO 0.002 0.016 0.020 0.023 0.163
ES4-CO -0.001 0.005 0.020 0.035 0.122
Subtotal: ES 0.039 0.091 0.264 0.488 2.165
Summation Total 0.071 0.957 2.411 4.265 16.984
Simultaneous Total 0.074 1.139 3.392 8.354 25.257

provides estimated impacts on Gross State Product (GSP), as well as a net present value (NPV)
calculation for the entire period of 2009 to 2025. The reader is referred to Appendix D for
detailed results for each year, as well as the impacts on other economic indicators for the

aggregate simulation.

The REMI PI" analyses suggest that implementing the CAP will spur private-sector job growth by
129.5 thousand jobs, or 2.7%. These jobs are reflective of increases in economic activity that
adds $8.35 billion (fixed 2000 prices) to GSP in year 2025, or a 2.3 percent increase. The
increase in future economic activity valued today is $25.3 billion (fixed 2000 prices). As evident
In Tables 11 and 12, implementing the CAP in entirety generates larger macroeconomic impacts
than the sum of the impacts of individual CAP policies. This tendency for the total impact to
exceed the sum of the individual components reflects synergistic associations of policy options,

The Center for Climate Strategies 25

www.climatestrategies.us




Macro Economic Analysis of Michigan’s Climate Action Plan
January 4, 2010

where policy options generate greater cost savings or mitigate indirect expenses when
combined.

As anticipated, the macroeconomic impacts of the various consolidated policy options analyzed
vary, depending on the individual policies and how they interact with the Michigan economy.
While not all scenarios provide positive macroeconomic outcomes, it is clear that the
macroeconomic impacts of the aggregate TWG options are positive. These outcomes tend to
expand over time; reflecting both, the dynamics of the direct impacts estimated by the
respective TWGs and the dynamic adjustment of the economy. Consider that several policy
options call for early investment in capital with the expectation of future returns to efficiency
gains, generating cumulative benefits to businesses and households. Such net positive cash
flows spillover to other investments and expenditures; amplifying initial impacts over time.

Utility demand-side consolidated options RCI1-CO to RCI3-CO show the largest impacts of the
four policy sectors in terms of both GSP and employment. Transportation and Land Use policies
generate overwhelmingly positive returns as well. While, for Agricultural, Forestry and Waste
Management options, AFW1-CO to AFW7-CO policies tend to incur higher costs relative to
returns, but projections indicate that these policies have substantial positive impacts on
employment.

Table D2 of Appendix D provides estimated gross state product impacts across industry
segments in Michigan of full implementation of the CAP. These gross state product impacts are
measured in changes of each respective segment’s contribution to statewide gross state
product. To facilitate comparisons across segments, Table D3 shows these impacts in terms of
percent change from baseline projections. Segments that are expected to experience large
increases in economic activity include Agriculture & forestry support activities, Transit & ground
passenger transportation and Waste management & remediation services, while those with
declines are Utilities, Petroleum & coal product manufacturing and Pipeline transportation.

Most segments are expected to experience increases in activity relative to baseline projections.
However, several industries are directly impacted as evident in Appendix D. Namely,
Agriculture & forestry support activities are expected to experience steady increases in
economic activity up to nearly 225 percent increase in 2025. This is attributed to this sector’s
contributions to supporting urban forestry and providing feedstock to Michigan's bio-energy
sector. Similarly, the transit & ground passenger transportation industry is expected to benefit
from productivity gains from deemphasizing truck transportation toward rail transportation,
decrease reliance on pipeline transportation of natural gas for heating and electricity-
generating feedstock, and greater price competitiveness to transportation sectors in other
states. Finally, waste management & remediation services are expecting demand increases for
achieving policy mandates for enhanced recycling and processing waste into green energy and
transferring agricultural and urban solid waste into energy sources.

However, other segments are expected to experience declines in economic activities including
utilities, mining and pipeline transportation. Petroleum & coal production activities and
pipeline transportation services will experience decreases in economic activity due to the
reduced reliance on coal and natural gas for heating and electricity generation.
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These findings show that all policy options with negative macroeconomic outcomes also have
net implementation costs (refer to Table 6). However, several policy options with net
implementation costs have positive macroeconomic outcomes. Consolidated policy options
AFW3-CO, AFW5-CO, and RCI3-CO have negative implementation costs that are offset with
energy cost reductions. These energy cost savings translate into production cost savings that
allows Michigan firms to become more competitive in global markets, causing Michigan
production to expand. Additionally, TLU5-CO has a net cost of implementation. This policy
option aimed at reducing traffic congestion through improvements in transportation networks,
mass transit and others will reduce household expenditures on motor fuels, which are
dominantly imported into Michigan. Households will instead shift such purchases for other
goods and services with a greater incidence of generating secondary transactions in the state.
By enhancing the multiplier effect, this policy option for GHG reduction ultimately expands the
state economy rather than contracts it.

B. Sensitivity Tests

Several model sensitivity tests are
performed to assess the sensitivity
of results to changes in the
modeling assumptions. This

Table 13: Net Present Value Sensitivity to Discount
Rates: Gross State Product Impacts
(Billions of fixed 2000 dollars)

section reports the outcomes of Discount Rate 10% 5% 1%
these tests. The overall findings .
. . . Scenario NPV NPV NPV
suggest that policy simulations are AFWI1-CO 0,078 0124 0187
robust to several key assumptions AFW2-CO 0.010 0.017 0.026
used in the simulations. AFW3-CO 0.000  0.000  0.000
AFW4-CO 0.169 0.289 0.461
B.1. Outcome Sensitivity to AFW5-CO 1.351 1.920 2.641
Changes in Discount Rate AFW6-CO -0.117 -0.176 -0.256
Because gross state product ARW7-CO L707 257 3619
_ gros: - prodt Subtotal: AFW 02150353 0.560
impacts entail consideration of the
timing of cash flows, it is TLUL-CO 0.344 0.554 0.844
instrumental to discount future E:B;gg 8 ;gg gggi 82;2
cash flows to current values. In i e be e
di . h fl h TLU4-CO 2.012 3.234 4.928
iscounting cash flows, the present TLU5-CO 0.426 0683 1.039
value of payments made or TLUB-CO 0126 0.207  0.321
received in the near future are Subtotal: TLU 2.513 4.124 6.379
valued more than equal payments
in the distant future. For higher RCIL-CO 3.023 5065 7.965
. . RCI2-CO 2.611 4.366 6.856
the discount rates, individuals RCI3-CO 0.979 1617 2520

place a lower value on distant Subtotal: RCI 6.614 11049  17.341
payments relative to payments in
the near future. The middle ESI1-CO 0.900 1.407 2.105
| fTable 13 licates th ES2-CO 0.248 0.472 0.811
column of fable 15 replicates the ES3-CO 0.108  0.163  0.237
net present value calculations in ES4-CO 0.070 0.122 0.197
Table 12, while the first column Subtotal: ES 1.326  2.165  3.351
Summation Total 10.237 16.984 26.510
The Center for Climate Strategies -
Simultaneous Total 14.800 25.257 40.305
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provides net present value calculation based on a 10 percent discounting rate and the third
column, that at a one percent discount rate. The findings suggest that benefit streams are
mostly deferred, while costs are mostly incurred in the near future. This is evident when
considering that the total net present value calculations decrease at higher discount rates and
increase with lower discount rates. Regardless, both the sum of net present values and the
simultaneously calculated net present values — which take into consideration interactions
across policy options — remain positive across all tested discount rates.

B.2.  No Capital Investment Displacement

Throughout this analysis, we have assumed that direct capital investment pursuing CAP policy
implementation partially displaces investment that would have taken place in the absence of
the CAP policies. That is, the analysis has assumed that only 50 percent of the required capital
investment is attributable to CAP policies. The remaining 50 percent is investment in new
capital that would have taken place in the absence of the CAP policies. To avoid crediting the
CAP policy with all innate investment, policy-induced investment is reduced, such that
implementation of the CAP is assumed to account for only 50 percent of the TWG capital
investment estimates. Because capital investments are assumed to be funded through debt,
policy-induced demand for financial services is also reduced by 50 percent.

This section tests the sensitivity of the macroeconomic impacts to this specification, by
comparing impact estimates derived in the analysis to those if there is no assumption of capital
displacement. To do so, a second set of REMI PI" analyses are generated that does not halve
policy-induced capital investment and demand for financial intermediaries.

Table 14 replicates the salient findings of Tables 5 and 6 and compares them to equal
simulations without displacing investment. The findings suggest that capital investment and
associated financial activities contribute modestly to the overall findings. However, the
estimated policy impacts when relaxing the assumption on capital investment displacement
remains consistent with those in Tables 5 and 6.

B.3.  Changes to Baseline Projections

Impact projections may be sensitive to the baseline projections of the Michigan economy. As
impacts are calculated as differences from baseline values, changes in baseline values may
generate different impact estimates. REMI forecasts were compared to those generated by
Global Insight to gauge the potential for baseline inaccuracies. Global Insight provides
statewide economic forecasts used by various state agencies for planning purposes. Like the
REMI model, the Global Insight state forecasting model is widely used by states and has a long
track record.

Both Global Insight and REMI projections of Michigan GSP expect annual economic growth
below two percent annually. However, Global Insight growth projections exceed REMI’s by
approximately 0.3 percent annually. Hence, relative to Global Insight projections, REMI
projects lower growth throughout the evaluation horizon.
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Tests of the model’s sensitivity to different growth trajectories are used to gauge the sensitivity
of findings to changes in economic growth trajectories. We generate high- and low-growth
versions of the baseline projections and compare employment impacts and the net present
value calculations up to 2025 of gross state product impacts using one, five and ten percent
discounting.

Table 14: Sensitivity Test of Treatment of Capital Displacement
(GSP — Billions of fixed 2000 dollars: Employment — Thousands)

50 Percent Investment No Investment
Displacement Displacement
NPV 2025 NPV 2025
Scenario GSP Employment GSP Employment
AFW1-CO 0.124 0.366 0.124 0.366
AFW2-CO 0.017 0.103 0.017 0.103
AFW3-CO 0.000 0.007 -0.003 0.000
AFW4-CO 0.289 1.030 0.286 1.020
AFW5-CO 1.920 3.104 0.830 1.107
AFW6-CO -0.176 -0.375 -0.176 -0.375
AFW7-CO -2.527 15.826 -2.527 15.826
Subtotal: AFW -0.353 20.061 -1.449 18.047
TLU1-CO 0.554 0.985 1.373 3972
TLU2-CO -0.221 -0.762 -0.421 -0.766
TLU3-CO -0.334 -0.130 -0.773 -0.523
TLU4-CO 3.234 11.158 2.826 10.583
TLU5-CO 0.683 1.800 0.683 1.800
TLUG-CO 0.207 1.129 0.207 1.129
Subtotal: TLU 4.124 14.180 3.896 16.195
RCI1-CO 5.065 19.120 4.020 15.729
RCI2-CO 4.366 16.283 3.438 13.271
RCI3-CO 1.617 7.642 1.389 7.403
Subtotal: RCI 11.049 43.045 8.847 36.403
ES1-CO 1.407 2.021 3.411 6.094
ES2-CO 0.472 1.520 0.553 1.772
ES3-CO 0.163 0.208 0.168 0.196
ES4-CO 0.122 0.751 -0.180 -0.148
Subtotal: ES 2.165 4.500 3.952 7.914
Summation Total 16.984 81.786 15.246 78.559
Simultaneous Total 25.257 129.486 22.570 123.606

To generate alternative baseline forecasts, we increased and decreased the growth trajectories
of total Michigan production by one-quarter a percent per year over the analysis horizon. The
“Industry Sales / Exogenous Production” variables for all industry and commercial sectors is
adjusted by first calculating the baseline annual growth, then adding or subtracting one-quarter
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Michigan Output Trajectories of Baseline, Optimistic and Pessimistic

Forecasts: 2008-2025
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Figure 2: Baseline, Optimistic and Pessimistic Output Projections

a percent of that growth and calculating the difference between the alternate projection and
the baseline for each REMI sector excluding private households. Figure 2 shows the relative
trajectories of state output.

Baseline, high-growth and low-growth macroeconomic impacts are gauged against their
respective referent projections. That is, macroeconomic impacts are generated by comparing
baseline projections to projections that take into account direct effects of the policy variables
specified in this study. The referent projections used to calculate impacts reported in Tables 11
and 12 are derived from the baseline projections of the REMI PI" model. Similarly, the referent
projections of high- and low-growth trajectories are used to estimate CAP impacts under these
alternative economic trajectories respectively.
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Table 15: Sensitivity to Changes in Baseline Forecast
Net Present Value of Gross State Product: 2009-2025
(Billions of Fixed 2000 dollars)

Baseline Optimistic Pessimistic
1% Discount 40.305 37.085 52.240
5% Discount 25.257 23.390 31.885
10% Discount 14.800 13.817 18.093

Table 16: Sensitivity to Changes in Baseline Forecast
Private Non-Farm Employment: 2025

(Thousands)
Baseline Optimistic ~ Pessimistic
2010 4.8 4.8 4.8
2015 314 31.1 31.7
2020 68.3 65.4 71.6
2025 129.5 113.4 206.6

To generate high- and low-growth scenarios, two new REMI PI" control models are specified.
The aggregate CAP policy variables are introduced and the forecasts are compared to the
respective referent forecasts. With this approach, Tables 14 and 15 show the sensitivity of
impact findings to changes in baseline forecasts and discounting rates and private employment,
respectively. This sensitivity test suggests that implementing the Michigan Climate Action Plan
will likely result in positive economic outcomes in terms of GSP and employment growth under
both the high- and low-growth scenarios. The low-growth scenario tends to generate relatively
higher positive impacts on both GSP and employment, while the high-growth scenario tends to
reduce the overall impacts.

Variation in responses across different baseline projections reflects variations in prices. Under
the low-growth scenario, declines in product demand and relatively weak population growth
creates downward pressure on cost of production, housing and wages and reduces the price of
consumer goods and services. This drop in prices offsets cost increasing CAP policies and
accentuates cost savings policies; thereby, shifting CAP policy impacts toward greater
macroeconomic expansion. Alternatively, the high-growth scenario tends to increase general
prices and reduces the macroeconomic expansion of CAP policy.

VI. CONCLUSIONS

This report summarizes the analysis of the macroeconomic impacts of the Michigan Climate
Action Plan, using the well-established REMI PI" modeling framework. The analysis was based
on direct impact estimates supplied by the Michigan Climate Action Council, Technical Work
Groups, who vetted them through an in-depth, consensus-based technical assessment and
stakeholder process. The results indicate that the majority of the greenhouse gas mitigation
and sequestration options have positive impacts on the State’s economy individually. On net,
the combination of options has a Net Present Value of increasing Gross State Product by $25.3
billion and increasing employment by 129.5 thousand full-time equivalent jobs by the Year
2025. MCAC-designed policies on demand management has the greatest potential for positive
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economic impacts in Michigan, while estimates suggest that cost savings from market-based
initiatives are not likely to fully offset costs of implementation within the project horizon.
Policies around agriculture, forestry and waste management are likely to have marginal impacts
on the overall economy, but those around transportation and land use will likely generate
significantly positive economic impacts.

Most economic gains are derived from mitigation options that lower the cost of production and
household expenditures on energy. Such energy efficiency gains decrease production costs and
increases consumer purchasing power. The results also stem from the stimulus of increased
investment in plant and equipment.

The macroeconomic impact evaluation provided here does not take into consideration several
other potential drivers of economic outcomes, including impacts on the stress of GHG-related
health outcomes and other environmental health outcomes. They do not include impacts
associated with the avoidance of damage from the climate change that continued baseline GHG
emissions would bring forth, the reduction in damage from the associated decrease in ordinary
pollutants, the reduction in the use of natural resources, the reduction in traffic congestion, etc.

Our findings suggest that the CAP GHG mitigation policies are likely to have net positive
economic impacts on Michigan's economy.
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APPENDIX A: DESCRIPTION OF THE REMI PoLicy INSIGHT MODEL

REMI Policy Insight is a structural economic forecasting and policy analysis model. It integrates
input-output, computable general equilibrium, econometric and economic geography
methodologies. The model is dynamic, with forecasts and simulations generated on an annual
basis and behavioral responses to wage, price, and other economic factors.

The REMI model consists of thousands of simultaneous equations with a structure that is
relatively straightforward. The exact number of equations used varies depending on the extent
of industry, demographic, demand, and other detail in the model. The overall structure of the
model can be summarized in five major blocks: (1) Output and Demand, (2) Labor and Capital

Demand, (3) Population and Labor Supply, (4) Wages, Prices and Costs, and (5) Market Shares.
The blocks and their key interactions are shown in Figures Al and A2.

REMI Model Linkages

State and Local Governmen — Consumption
) Output
Spending | A
Investment Exports Real Disposable Income

| and
Migration Population -
Optimal Employment Domestic International
A Capital o Market Share Market Share

Labor/Output
Ratio.

v T
Employment Opportunity Compensation Rate Composite Comp. Rate Production Costs
I
. . Consumer Price ) i X
L Housing Price Deflator Real Compensation Rate Composite Prices

Figure A.1: REMI Policy Insight Linkages (Excluding Geographic Linkages

The Output and Demand block includes output, demand, consumption, investment,
government spending, import, product access, and export concepts. Output for each industry is
determined by industry demand in a given region and its trade with the US market, and
international imports and exports. For each industry, demand is determined by the amount of
output, consumption, investment, and capital demand on that industry. Consumption depends
on real disposable income per capita, relative prices, differential income elasticities and
population. Input productivity depends on access to inputs because the larger the choice set of
inputs, the more likely that the input with the specific characteristics required for the job will be
formed. In the capital stock adjustment process, investment occurs to fill the difference
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between optimal and actual capital stock for residential, non-residential, and equipment
investment. Government spending changes are determined by changes in the population.

REMI Geography Linkages
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Figure A.2: REMI Policy Insight Geography Linkages

I Economic I
Migrants

The Labor and Capital Demand block includes the determination of labor productivity, labor
intensity and the optimal capital stocks. Industry-specific labor productivity depends on the
availability of workers with differentiated skills for the occupations used in each industry. The
occupational labor supply and commuting costs determine firms’ access to a specialized labor
force.

Labor intensity is determined by the cost of labor relative to the other factor inputs, capital and
fuel. Demand for capital is driven by the optimal capital stock equation for both non-residential
capital and equipment. Optimal capital stock for each industry depends on the relative cost of
labor and capital, and the employment weighted by capital use for each industry. Employment
in private industries is determined by the value added and employment per unit of value added
in each industry.

The Population and Labor Supply block includes detailed demographic information about the
region. Population data is given for age and gender, with birth and survival rates for each
group. The size and labor force participation rate of each group determines the labor supply.
These participation rates respond to changes in employment relative to the potential labor
force and to changes in the real after tax compensation rate. Migration includes retirement,
military, international and economic migration. Economic migration is determined by the
relative real after tax compensation rate, relative employment opportunity and consumer
access to variety.
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The Wages, Prices and Cost block includes delivered prices, production costs, equipment cost,
the consumption deflator, consumer prices, the price of housing, and the wage equation.
Economic geography concepts account for the productivity and price effects of access to
specialized labor, goods and services.

These prices measure the value of the industry output, taking into account the access to
production locations. This access is important due to the specialization of production that takes
place within each industry, and because transportation and transaction costs associated with
distance is significant. Composite prices for each industry are then calculated based on the
production costs of supplying regions, the effective distance to these regions, and the index of
access to the variety of output in the industry relative to the access by other uses of the
product.

The cost of production for each industry is determined by cost of labor, capital, fuel and
intermediate inputs. Labor costs reflect a productivity adjustment to account for access to
specialized labor, as well as underlying compensation rates. Capital costs include costs of non-
residential structures and equipment, while fuel costs incorporate electricity, natural gas and
residual fuels.

The consumption deflator converts industry prices to prices for consumption commodities. For
potential migrants, the consumer price is additionally calculated to include housing prices.
Housing price changes from their initial level depend on changes in income and population
density. Regional employee compensation changes are due to changes in labor demand and
supply conditions, and changes in the national compensation rate. Changes in employment
opportunities relative to the labor force and occupational demand change determine
compensation rates by industry.

The Market Shares equations measure the proportion of local and export markets that are
captured by each industry. These depend on relative production costs, the estimated price
elasticity of demand, and effective distance between the home region and each of the other
regions. The change in share of a specific area in any region depends on changes in its
delivered price and the quantity it produces compared with the same factors for competitors in
that market. The share of local and external markets then drives the exports from and imports
to the home economy.

As shown in Figure A2, the Labor and Capital Demand block includes labor intensity and
productivity, as well as demand for labor and capital. Labor force participation rate and
migration equations are in the Population and Labor Supply block. The Wages, Prices, and
Costs block includes composite prices, determinants of production costs, the consumption price
deflator, housing prices, and the wage equations. The proportion of local, interregional and
international markets captured by each region is included in the Market Shares block.
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APPENDIX C: MODEL INPUTS

Macro Economic Analysis of Michigan’s Climate Action Plan
January 4, 2010

Table C.1: ES Consolidated Option Model Inputs
(amounts in fixed 2008 S millions: shares in percents)

ES1-CO: Renewable Portfolio Standard
Capital Cost (amount)
Production Cost (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
State Government Spending (amount)
Electricity (Industrial Sectors) Fuel Cost (share)
Electricity (Commercial Sectors) Fuel Cost (share)

ES2-CO: Nuclear
Capital Cost (amount)
Production Cost (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Electricity (Industrial Sectors) Fuel Cost (share)
Electricity (Commercial Sectors) Fuel Cost (share)

ES3-CO: Energy Efficiency, Repowering, Technology
Capital Cost (amount)
Production Cost (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Electricity (Industrial Sectors) Fuel Cost (share)
Electricity (Commercial Sectors) Fuel Cost (share)

ES4-CO: Combined Heat and Power
State Government Spending (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Electricity (Commercial Sectors) Fuel Cost (amount)
Natural Gas (Commercial Sectors) Fuel Cost (amount)
Electricity (Industrial Sectors) Fuel Cost (amount)
Natural Gas (Industrial Sectors) Fuel Cost (amount)
Residual (Commercial Sectors) Fuel Cost (amount)
Residual (Industrial Sectors) Fuel Cost (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Capital Cost (amount)
Production Cost (amount)
Production Cost (amount)
Capital Cost (amount)

The Center for Climate Strategies

Electric power generation, transmission, and distribution
Electric power generation, transmission, and distribution
Construction

Engine, turbine, power transmission equipment manufacturing
Monetary authorities, credit intermediation

Coal mining

Electric power generation, transmission, and distribution
Total

All Industrial Sectors

All Commercial Sectors

Electric power generation, transmission, and distribution
Electric power generation, transmission, and distribution
Construction

Engine, turbine, power transmission equipment manufacturing
Monetary authorities, credit intermediation

Coal mining

Electric power generation, transmission, and distribution

All Industrial Sectors

All Commercial Sectors

Electric power generation, transmission, and distribution
Electric power generation, transmission, and distribution
Construction

Engine, turbine, power transmission equipment manufacturing
Monetary authorities, credit intermediation

Coal mining

Electric power generation, transmission, and distribution

All Industrial Sectors

All Commercial Sectors

Total

Construction

Engine, turbine, power transmission equipment manufacturing
Monetary authorities, credit intermediation

Management, scientific, and technical consulting services
All Commercial Sectors

All Commercial Sectors

All Industrial Sectors

All Industrial Sectors

All Commercial Sectors

All Industrial Sectors

Coal mining

Electric power generation, transmission, and distribution
Natural gas distribution

Distributed across various commercial sectors
Distributed across various commercial sectors
Distributed across industry sectors

Distributed across industry sectors

39

2010
59.67
-50.52
0.84
23.16
35.72
-56.57
6.17
-0.12
0.00
0.00

2010
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2010
3.34
-5.54
-0.01
1.82
153
-5.35
-0.19
0.00
0.00

2010
-0.08
0.51
2.03
0.29
0.15
-3.77
-0.26
-3.77
-0.26
0.39
0.39
0.78
-7.53
-0.52
135
0.68
0.71
141

2015
155.83
-120.91
3.18
60.88
91.82
-137.66
16.86
-0.12
0.00
0.00

2015
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2015
19.88
-33.30
-0.14
10.81
9.21
-32.46
-0.84
0.00
0.00

2015
-0.50
2.78
1111
3.62
0.92
-23.35
-1.60
-23.35
-1.60
3.03
3.03
6.06
-46.69
-3.20
8.42
4.23
4.40
8.75

2020
602.25
-428.13
15.99
236.45
349.81
-492.87
64.74
0.00
0.01
0.01

2020
372.76
-377.47
-2.47
129.34
0.00
-397.77
20.30
0.00
0.00

2020
28.74
-39.24
0.38
15.64
12.71
-40.30
1.05
0.00
0.00

2020
-1.04
5.64
22.55
7.35
1.87
-47.39
-3.25
-47.39
-3.25
6.21
6.21
12.41
-94.78
-6.49
17.11
9.31
9.68
17.77

2025
880.38
-588.83
26.71
347.24
506.43
-686.92
98.09
0.00
0.01
0.01

2025
359.68
-381.04
-3.83
123.90
240.86
-397.77
16.73
0.00
0.00

2025
28.54
-40.96
0.23
1551
12.80
-41.68
0.72
0.00
0.00

2025
-1.77
9.35
37.40
12.20
3.10
-78.61
-5.38
-78.61
-5.38
10.39
10.39
20.77
-157.22
-10.77
28.37
16.66
17.29
29.47
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Table C.2: RCI Consolidated Option Model Inputs
(amounts in fixed 2008 S millions: shares in percents)

RCI1-CO: D d Side M t Programs 2010 2015 2020 2025
Consumer Spending (amount) Kitchen & other household appliances 10.16 60.96 111.76 162.56
Consumer Spending (amount) Bank service charges, trust services, and safe deposit box rental 2.75 16.48 30.22 43.96
Consumer Spending (amount) Electricity -28.32 -169.89  -311.47 -453.05
Consumer Spending (amount) Gas -38.82  -232.93  -427.05 -621.16

Consumption Reallocation (amount) All Consumption Categories 53.55 321.31 589.06 856.82
Electricity (Commercial Sectors) Fuel Cost (amount) All Commercial Sectors -29.59  -177.53  -325.48 -473.42
Natural Gas (Commercial Sectors) Fuel Cost (share) All Commercial Sectors -1.87 -11.45 -21.43 -31.82
Electricity (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -11.06 -66.34  -121.62 -176.91
Natural Gas (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -9.97 -59.82  -109.68 -159.53
Residual (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -3.52 -73.97  -232.49 -479.07
Exogenous Final Demand (amount) Ventilation, heating, air-conditioning, and commercial refrigeration ¢ 3.58 21.47 39.37 57.26
Exogenous Final Demand (amount) Electric lighting equipment manufacturing 253 15.20 27.86 40.53
Exogenous Final Demand (amount) Other electrical equipment and component manufacturing 2.53 15.20 27.86 40.53
Exogenous Final Demand (amount) Industrial machinery manufacturing 1.42 29.90 93.98 193.65
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -40.65  -243.87  -447.10 -650.33
Exogenous Final Demand (amount) Natural gas distribution -2855 -171.31  -314.06 -456.81
Exogenous Final Demand (amount) Coal mining -1.34 -28.04 -88.12 -181.58
Exogenous Final Demand (amount) Petroleum and coal products manufacturing -2.19 -4594  -144.37 -297.49
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 3.02 18.14 33.25 48.36
Exogenous Final Demand (amount) Management, scientific, and technical consulting services 143 8.56 15.69 22.83
Exogenous Final Demand (amount) Electrical equipment manufacturing 253 15.20 27.86 40.53
Capital Cost (amount) Distributed across industry sectors 142 29.90 93.98 193.66
Capital Cost (amount) Distributed across commercial sectors 10.51 63.07 115.63 168.19
RCI2-CO: High Performance Buildings (private and public sector) 2010 2015 2020 2025
Consumer Spending (amount) Kitchen & other household appliances 9.01 54.06 99.11 144.16
Consumer Spending (amount) Bank service charges, trust services, and safe deposit box rental 2.44 14.62 26.80 38.98
Consumer Spending (amount) Electricity -25.11  -150.66  -276.21 -401.76
Consumer Spending (amount) Gas -34.43  -206.56  -378.70 -550.84
Consumption Reallocation (amount) All Consumption Categories 47.49 284.93 522.38 759.82
Electricity (Commercial Sectors) Fuel Cost (amount) All Commercial Sectors -26.24  -157.43  -288.63 -419.83
Natural Gas (Commercial Sectors) Fuel Cost (share) All Commercial Sectors -1.66 -10.15 -19.00 -28.22
Electricity (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -9.80 -58.83  -107.85 -156.88
Natural Gas (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -8.84 -53.05 -97.26 -141.47
Residual (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -3.12 -65.60  -206.17 -424.83
Exogenous Final Demand (amount) Ventilation, heating, air-conditioning, and commercial refrigeration ¢ 3.17 19.04 34.91 50.78
Exogenous Final Demand (amount) Electric lighting equipment manufacturing 2.25 13.48 24.71 35.94
Exogenous Final Demand (amount) Electrical equipment manufacturing 2.25 13.48 2471 35.94
Exogenous Final Demand (amount) Other electrical equipment and component manufacturing 2.25 13.48 24.71 35.94
Exogenous Final Demand (amount) Industrial machinery manufacturing 1.26 26.52 83.34 171.73
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -36.04  -216.26  -396.48 -576.70
Exogenous Final Demand (amount) Natural gas distribution -25.32  -151.91  -27851 -405.10
Exogenous Final Demand (amount) Coal mining -1.18 -24.86 -78.14 -161.02
Exogenous Final Demand (amount) Petroleum and coal products manufacturing -1.94 -40.74  -128.03 -263.81
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 2.68 16.08 29.48 42.89
Exogenous Final Demand (amount) Management, scientific, and technical consulting services 1.27 7.59 13.92 20.24
Capital Cost (amount) Distributed across industry sectors 1.27 26.60 84.18 175.31
Capital Cost (amount) Distributed across commercial sectors 9.32 55.93 102.54 149.15
RCI3-CO: Building Codes 2010 2015 2020 2025
Consumer Spending (amount) Electricity -11.23 -67.82  -125.10 -183.08
Consumer Spending (amount) Gas -34.03  -205.40 -378.89 -554.51
Consumer Spending (amount) Bank service charges, trust services, and safe deposit box rental 1.72 10.41 19.19 28.09
Consumption Reallocation (amount) All Consumption Categories 36.75 221.84 409.20 598.86
Electricity (Commercial Sectors) Fuel Cost (amount) All Commercial Sectors -9.13 -55.14  -101.72 -148.86
Natural Gas (Industrial Sectors) Fuel Cost (share) All Industrial Sectors -0.73 -4.48 -8.43 -12.60
Electricity (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -0.68 -4.12 -7.60 -23.24
Natural Gas (Industrial Sectors) Fuel Cost (amount) All Industrial Sectors -0.54 -3.26 -6.01 -18.38
Exogenous Final Demand (amount) Construction 9.25 55.86 103.04 154.11
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -9.82 -59.26  -109.32 -172.10
Exogenous Final Demand (amount) Natural gas distribution -7.76 -46.87 -86.45 -136.10
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 0.76 4.62 8.52 13.48
Exogenous Final Demand (amount) Management, scientific, and technical consulting services 0.61 3.70 6.83 10.23
Capital Cost (amount) Distributed across commercial sectors 3.49 21.10 38.91 56.95
Capital Cost (amount) Distributed across industry sectors 0.26 1.58 291 8.89
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Table C.3: TLU Consolidated Option Model Inputs
(amounts in fixed 2008 S millions: shares in percents)

TLU1-CO: Anti-Idling Technologies and Practices

Capital Cost (amount)

Residual Fuel Cost for Individual Industry (amount)
Exogenous Final Demand (amount)

Exogenous Final Demand (amount)

Exogenous Final Demand (amount)

Residual Fuel Cost for Individual Industry (amount)
Residual Fuel Cost for Individual Industry (amount)

TLU2-CO: Vehicle Purchase Incentives
Consumer Spending (amount)
Consumer Spending (amount)
Consumer Spending (amount)
Consumption Reallocation (amount)
Capital Cost (amount)

Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Residual Fuel Cost for Individual Industry (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)

TLU3-CO: Mode Shift from Truck to Rail

Capital Cost (amount)

Exogenous Final Demand (amount)

Exogenous Final Demand (amount)

Residual Fuel Cost for Individual Industry (amount)
Exogenous Final Demand (amount)

Residual Fuel Cost for Individual Industry (amount)
Residual Fuel Cost for Individual Industry (amount)

TLU4-CO: R ble Fuel Stand
Consumer Spending (amount)
Consumer Spending (amount)
Consumer Spending (amount)
Consumption Reallocation (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Proprietors' Income (amount)

d (biofuels goals)

TLU5-CO: Transit
Exogenous Final Demand (amount)
Consumer Spending (amount)
Consumption Reallocation (amount)

TLU6-CO: Land Use

Exogenous Final Demand (amount)
State Government Spending (amount)
Local Government Spending (amount)
Exogenous Final Demand (amount)
Exogenous Final Demand (amount)
Consumer Spending (amount)
Consumption Reallocation (amount)

The Center for Climate Strategies

Truck transportation

Truck transportation

Petroleum and coal products manufacturing
Motor vehicle parts manufacturing
Monetary authorities, credit intermediation
Distributed across commercial sectors
Distributed across industry sectors

New autos

Bank service charges, trust services, and safe deposit box rental
Gasoline and oil

All Consumption Categories

Elementary and secondary schools; Junior colleges, colleges, univers
Motor vehicle body and trailer manufacturing

Monetary authorities, credit intermediation

Elementary and secondary schools; Junior colleges, colleges, univers
Petroleum and coal products manufacturing

Construction

Rail transportation

Construction

Monetary authorities, credit intermediation
Truck transportation

Petroleum and coal products manufacturing
Distributed across commercial sectors
Distributed across industry sectors

New autos

Bank service charges, trust services, and safe deposit box rental
Gasoline and oil

All Consumption Categories

Construction

Monetary Authorities, Credit Intermediation

Farm (crop and animal production)

Transit and ground passenger transportation
Gasoline and oil
All Consumption Categories

Management, scientific, and technical consulting services
Total

Total

Transit and ground passenger transportation

Construction

Gasoline and oil

All Consumption Categories
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2010
6.24
-4.66
-10.35
3.58
2.65
-2.84
-2.84

2010
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2010
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2010
0.00
0.00

-26.52
13.37
0.00
0.00
13.14

2010
10.94
0.00
0.00

2010
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2015
36.23
-44.93
-99.81
20.81
15.41
-27.44
-27.44

2015
2.56
1.68

-1.90

-2.34

13.40
8.28
5.49

-0.17

-0.17
0.49

2015
32.08
21.14
10.94
-13.16
-29.22
-8.03

-8.03

2015
6.06
4.82

-1022.58
518.66
179
1.06
493.05

2015
75.78
-35.58
35.58

2015
2.94
-0.19
-0.62
37.84
-25.40
-43.26
43.26

2020
56.71
-43.70
-172.02
32.58
2413
-64.16
-64.16

2020
2.05
1.35

-4.74
133

13.80
8.52
5.66

-0.42

-0.42
0.51

2020
32.08
21.14
10.94

-29.90
-66.41
-18.26
-18.26

2020
12.69
10.10

-1881.66
984.46
1.82
1.08
874.41

2020
158.36
-82.99
82.99

2020
4.91
-0.32
-1.03
63.25
-42.45
-72.31
72.31

2025
79.77
-42.69
-246.02
45.82
33.94
-101.67
-101.67

2025
7.18
4.68

-7.52

-4.34

27.74
17.14
12.12

-0.70

-0.70
2.01

2025
32.08
21.14
10.94

-30.35
-67.43
-18.54
-18.54

2025
38.94
31.00

-2719.42
16.19
3.68
2.18
2633.28

2025
96.64
-146.57
146.57

2025
9.03
-0.58
-1.89
116.23
-78.01
-132.88
132.88
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Table C.4: AFW Consolidated Option Model Inputs
(amounts in fixed 2008 S millions: shares in percents)

Exogenous Final Demand (amount) Agriculture, construction, and mining machinery manufacturing 452 3.19 3.19 3.01
Exogenous Final Demand (amount) Petroleum and coal products manufacturing -5.73 -19.65 -33.58 -47.36
Proprietors' Income (amount) Farm 1.95 19.00 34.72 50.45
AFW2-CO: Nutrient Management 2010 2015 2020 2025
Exogenous Final Demand (amount) Support activities for agriculture and forestry 1.63 1.63 1.63 1.63
Exogenous Final Demand (amount) Pesticide, fertilizer, and other agricultural chemical manufacturing -1.13 -3.96 -6.79 -9.62
Proprietors' Income (amount) Farm -0.50 2.33 5.16 7.99
AFW3-CO:Livestock Manure 2010 2015 2020 2025
Exogenous Final Demand (amount) Construction 0.04 0.25 0.32 0.39
Exogenous Final Demand (amount) Engine, turbine, power transmission equipment manufacturing 0.17 0.99 1.28 157
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 0.05 0.29 0.38 0.46
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -0.25 -1.28 -1.70 -2.10
Proprietors' Income (amount) Farm 0.11 0.52 0.71 0.89
AFW4-CO: MSW Landfill Gas Management 2010 2015 2020 2025
Capital Cost (amount) Waste collection; Waste treatment and disposal and waste managem 0.05 0.29 0.61 0.93
Exogenous Final Demand (amount) Construction 0.01 0.04 0.07 0.11
Exogenous Final Demand (amount) Engine, turbine, power transmission equipment manufacturing 0.02 0.14 0.29 0.44
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 0.02 0.12 0.25 0.38
Production Cost (amount) Waste collection; Waste treatment and disposal and waste managem 0.12 0.78 1.55 2.34
Exogenous Final Demand (amount) Waste collection; Waste treatment and disposal and waste managem 0.12 0.78 1.55 2.34
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -0.52 -3.86 -8.44 -14.10
Exogenous Final Demand (amount) Natural gas distribution -0.16 -1.20 -2.63 -4.39
Electricity Fuel Cost for Individual Industry (amount) Waste collection; Waste treatment and disposal and waste managem -0.52 -3.86 -8.44 -14.10
Natural Gas Fuel Cost for Individual Industry (amount)  Waste collection; Waste treatment and disposal and waste managemt -0.16 -1.20 -2.63 -4.39

Capital Cost (amount) Waste collection; Waste treatment and disposal and waste managem¢ 57.15 195.47 282.24 194.92
Exogenous Final Demand (amount) Industrial machinery manufacturing 34.08 116.58 168.30 194.92
Exogenous Final Demand (amount) Monetary authorities, credit intermediation 23.08 78.89 113.94 131.97
Production Cost (amount) Waste collection; Waste treatment and disposal and waste managem 40.05 248.35 369.21 497.71
Exogenous Final Demand (amount) Waste collection; Waste treatment and disposal and waste managem 40.05 248.35 369.21 84.81
Industry Sales / Exogenous Production (amount) Waste collection; Waste treatment and disposal and waste managem 2531 156.95 233.31 314.50
Consumption Reallocation (amount) All Consumption Categories 16.74 103.79 154.28 415.90
Production Cost (amount) Distributed across commercial sectors -16.74  -103.79  -154.28 -207.95
AFWG-CO: Reforestation/Afforestation 2010 2015 2020 2025
Exogenous Final Demand (amount) Forestry; Fishing, hunting, trapping 13.16 13.16 13.16 13.16
Exogenous Final Demand (amount) Support activities for agriculture and forestry 1.08 1.08 1.08 1.08
Proprietors' Income (amount) Farm -16.81 -29.66 -42.51 -55.36
AFW7-CO:UrbanForestry 2010 2015 2020 2025
Exogenous Final Demand (amount) Support activities for agriculture and forestry 72.24 252.83 433.42 614.02
Consumer Spending (amount) Electricity -51.17  -179.10  -307.02 -434.95
Consumption Reallocation (amount) All Consumption Categories 51.17 179.10 307.02 434.95
Electricity (Commercial Sectors) Fuel Cost (amount) All Commercial Sectors -51.17  -179.10  -307.02 -434.95
Local Government Spending (amount) Total -9481 -331.83 -568.86 -805.88
Exogenous Final Demand (amount) Electric power generation, transmission, and distribution -127.93  -447.74  -76756  -1087.38
Exogenous Final Demand (amount) Forestry; Fishing, hunting, trapping 48.16 168.55 288.95 409.34
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APPENDIX D: DETAILED SIMULATION RESULTS

Table D1: Detailed Simulation Results of Simultaneous CAP Policy Options

Difference from Baseline Levels

Category
Gross Regional Product
Private Non-Farm Employment
Wage and Salary Disbursements
Earnings by Place of Work
Average Annual Wage Rate
Personal Income
Real Personal Income
Real Disposable Personal Income

Percent Change from Baseline Levels

Units

Billions of Fixed (2000) Dollars
Thousands (Jobs)

Billions of Current Dollars
Billions of Current Dollars
Thousands of Current Dollars
Billions of Current Dollars
Billions of Fixed (2000) Dollars
Billions of Fixed (2000) Dollars

Category
Gross Regional Product
Private Non-Farm Employment
Wage and Salary Disbursements
Earnings by Place of Work
Average Annual Wage Rate
Personal Income
Real Personal Income

Units

Billions of Fixed (2000) Dollars
Thousands (Jobs)

Billions of Current Dollars
Billions of Current Dollars
Thousands of Current Dollars
Billions of Current Dollars
Billions of Fixed (2000) Dollars

Real Disposable Personal Income Billions of Fixed (2000) Dollars
Continued
Difference from Baseline Levels

Category Units
Gross Regional Product Billions of Fixed (2000) Dollars
Private Non-Farm Employment Thousands (Jobs)

Wage and Salary Disbursements
Earnings by Place of Work
Average Annual Wage Rate
Personal Income

Real Personal Income

Real Disposable Personal Income

Percent Change from Baseline Levels

Billions of Current Dollars
Billions of Current Dollars
Thousands of Current Dollars
Billions of Current Dollars
Billions of Fixed (2000) Dollars
Billions of Fixed (2000) Dollars

Category
Gross Regional Product
Private Non-Farm Employment
Wage and Salary Disbursements
Earnings by Place of Work
Average Annual Wage Rate
Personal Income
Real Personal Income
Real Disposable Personal Income

Units

Billions of Fixed (2000) Dollars
Thousands (Jobs)

Billions of Current Dollars
Billions of Current Dollars
Thousands of Current Dollars
Billions of Current Dollars
Billions of Fixed (2000) Dollars
Billions of Fixed (2000) Dollars
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2009
-0.017
0.841
0.007
0.004
-0.005
-0.043
-0.02
-0.017

2009
-0.01%
0.02%
0.00%
0.00%
-0.02%
-0.01%
-0.01%
-0.01%

2018
2.293
51.923
2.073
2.418
-0.053
3.107
2.901
2.601

2018
0.73%
1.24%
1.12%
0.95%

-0.12%
0.67%
0.95%
0.93%

2010
0.074
4.773
0.109
0.118

-0.014
0.036
0.106
0.095

2010
0.03%
0.11%
0.07%
0.06%

-0.04%
0.01%
0.04%
0.04%

2019
2.795
59.812
2.492
2.923
-0.057
3.758
3.403
3.053

2019
0.88%
1.42%
1.30%
1.12%

-0.12%
0.78%
1.10%
1.08%
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2011
0.214
9.259
0.244
0.266

-0.021
0.311
0.394
0.351

2011
0.08%
0.22%
0.16%
0.13%

-0.06%
0.09%
0.14%
0.13%

2020
3.392
68.309
2.968
35
-0.06
4.469
3.961
3.558

2020
1.05%
1.63%
1.50%
1.29%

-0.13%
0.89%
1.27%
1.24%

2012
0.391
14121
0.407
0.449
-0.027
0.626
0.704
0.627

2012
0.14%
0.34%
0.27%
0.21%

-0.07%
0.17%
0.24%
0.24%

2021
4.268
79.958
3.644
4.339
-0.059
5.455
4.705
4.228

2021
1.30%
1.90%
1.78%
1.55%

-0.12%
1.04%
1.49%
1.46%

2013
0.589
19.23
0.591
0.659

-0.032
0.89
0.979
0.872

2013
0.20%
0.46%
0.38%
0.30%

-0.09%
0.23%
0.34%
0.33%

2022
5.017
89.976
4.257
5.086
-0.064
6.459
5.44
4.895

2022
1.51%
2.13%
2.00%
1L.77%

-0.13%
1.19%
1.71%
1.68%

2014
0.831
24.921
0.812
0.915
-0.037
1.199
1.285
1.147

2014
0.28%
0.60%
0.50%
0.41%

-0.10%
0.30%
0.44%
0.43%

2023
5.925
101.55
4.986
5.983
-0.069
7.69
6.333
5.704

2023
1.75%
2.40%
2.27%
2.01%

-0.13%
1.36%
1.97%
1.94%

2015
1.139
31.373
1.083
1.237
-0.041
1.543
1.608
1.437

2015
0.38%
0.75%
0.65%
0.54%

-0.10%
0.37%
0.54%
0.53%

2024
6.972
114.083
5.815
7.015
-0.073
10.994
8.396
7.558

2024
2.03%
2.69%
2.56%
2.28%

-0.14%
1.86%
2.59%
2.54%

2016
1.469
37.756
1.37
1.579
-0.046
2.029
2.027
1.814

2016
0.49%
0.91%
0.80%
0.67%

-0.11%
0.47%
0.68%
0.66%

2025
8.354
129.486
6.828
8.304
-0.083
12.766
9.737
8.777

2025
2.40%
3.05%
2.90%
2.62%

-0.15%
2.08%
2.98%
2.92%

2017
1.854
44.614
1.701
1.974
-0.049
2.554
2.458
2.202

2017
0.60%
1.07%
0.95%
0.81%

-0.12%
0.57%
0.81%
0.79%
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Table D2: Sectoral GSP Simulation Impacts of Simultaneous CAP Policy Options
Change from Baseline Values (Billion of Fixed 2000 $)

Sector 2010 2015 2020 2025 NPV
Forestry & logging; Fishing, hunting, & trapping 0.01 0.01 0.01 0.00 0.07
Agriculture & forestry support activities; Other 0.01 0.04 0.07 0.11 0.54
Oil & gas extraction 0.00 0.00 0.00 0.00 -0.01
Mining (except oil & gas) 0.00 0.00 0.00 0.01 0.02
Support activities for mining 0.00 0.00 0.00 0.00 0.00
Utilities -0.16 -0.82 -1.49 -2.16 -11.08
Construction -0.01 -0.05 -0.02 0.16 -0.14
Wood product manufacturing 0.00 0.00 0.00 0.01 0.03
Nonmetallic mineral product manufacturing 0.00 0.01 0.02 0.05 0.13
Primary metal manufacturing 0.00 0.01 0.03 0.06 0.21
Fabricated metal product manufacturing 0.00 0.01 0.04 0.09 0.28
Machinery manufacturing 0.01 0.04 0.09 0.14 0.65
Computer & electronic product manufacturing 0.00 0.00 0.01 0.04 0.09
Electrical equipment & appliance manufacturing 0.00 0.02 0.03 0.06 0.24
Motor vehicles, & parts manufacturing 0.00 0.05 0.14 0.31 1.02
Other transportation equipment manufacturing 0.00 0.00 0.00 0.01 0.02
Furniture & related product manufacturing 0.00 0.01 0.01 0.03 0.10
Miscellaneous manufacturing 0.00 0.02 0.06 0.14 0.42
Food manufacturing 0.00 0.01 0.04 0.10 0.30
Beverage & tobacco product manufacturing 0.00 0.01 0.01 0.03 0.10
Textile mills 0.00 0.00 0.00 0.00 0.00
Textile product mills 0.00 0.00 0.00 0.01 0.03
Apparel manufacturing 0.00 0.00 0.00 0.00 0.01
Leather & allied product manufacturing 0.00 0.00 0.00 0.00 0.01
Paper manufacturing 0.00 0.01 0.03 0.07 0.21
Printing & related support activities 0.00 0.00 0.01 0.02 0.07
Petroleum & coal product manufacturing 0.00 -0.02 -0.04 -0.06 -0.25
Chemical manufacturing 0.00 0.06 0.16 0.38 1.16
Plastics & rubber product manufacturing 0.00 0.02 0.06 0.16 0.46
Wholesale trade 0.01 0.08 0.20 0.45 1.46
Retail trade 0.02 0.12 0.37 1.00 2.81
Air transportation 0.00 0.01 0.02 0.04 0.16
Rail transportation 0.00 -0.01 -0.01 -0.01 -0.06
Water transportation 0.00 0.00 0.00 0.00 0.00
Truck transportation 0.00 0.02 0.05 0.12 0.40
Transit & ground passenger transportation 0.00 0.03 0.06 0.07 0.45
Pipeline transportation 0.00 -0.01 -0.02 -0.02 -0.14
Scenic & sightseeing transportation 0.00 0.00 0.00 0.01 0.03
Warehousing & storage 0.00 0.01 0.01 0.03 0.09
Publishing industries, except Internet 0.00 0.01 0.01 0.03 0.11
Motion picture & sound recording industries 0.00 0.00 0.01 0.02 0.06
Internet publishing & broadcasting 0.00 0.01 0.02 0.06 0.18
Broadcasting, except Internet 0.00 0.05 0.12 0.26 0.86
Monetary authorities; Credit intermediation 0.05 0.26 0.57 1.03 4.37
Securities, commodity contracts, investments 0.00 0.04 0.08 0.14 0.57
Insurance carriers & related activities 0.00 0.03 0.07 0.14 0.54
Real estate 0.02 0.24 0.64 1.47 4.71
Rental & leasing services 0.00 0.01 0.04 0.08 0.27
Professional & technical services 0.01 0.09 0.25 0.60 1.87
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Sector 2010 2015 2020 2025 NPV
Management of companies & enterprises 0.01 0.04 0.12 0.28 0.89
Administrative & support services 0.00 0.05 0.13 0.30 0.96
Waste management & remediation services 0.02 0.14 0.20 0.13 1.48
Educational services 0.00 0.01 0.03 0.07 0.22
Ambulatory health care services 0.02 0.22 0.47 0.90 3.47
Hospitals 0.01 0.06 0.14 0.30 1.02
Nursing & residential care facilities 0.00 0.02 0.05 0.10 0.33
Social assistance 0.00 0.02 0.05 0.11 0.33
Performing arts & spectator sports 0.00 0.01 0.02 0.03 0.12
Museums, historical sites, zoos, & parks 0.00 0.00 0.00 0.01 0.02
Amusement, gambling, & recreation 0.00 0.03 0.08 0.21 0.59
Accommodation 0.00 0.01 0.02 0.05 0.17
Food services & drinking places 0.01 0.05 0.11 0.22 0.78
Repair & maintenance 0.00 0.03 0.06 0.10 0.41
Personal & laundry services 0.00 0.04 0.09 0.19 0.67
Membership associations & organizations 0.00 0.02 0.04 0.09 0.30
Private households 0.00 0.00 0.01 0.01 0.06

Table D3: Sectoral GSP Simulation Impacts of Simultaneous CAP Policy Options
(Percent Change from Baseline Values)

Sector 2010 2015 2020 2025
Forestry & logging; Fishing, hunting, & trapping 2.01% 3.99% 2.20% 1.47%
Agriculture & forestry support activities; Other 19.33% 75.07% 143.79%  225.07%
Qil & gas extraction -0.08% -0.51% -0.90% -1.20%
Mining (except oil & gas) 0.02% 0.34% 0.87% 1.88%
Support activities for mining -0.03% -0.14% 0.03% 0.59%
Utilities -2.12%  -10.19%  -17.14%  -23.17%
Construction -0.18% -0.77% -0.24% 2.30%
Wood product manufacturing 0.01% 0.21% 0.66% 1.61%
Nonmetallic mineral product manufacturing 0.01% 0.39% 1.21% 2.94%
Primary metal manufacturing 0.05% 0.66% 2.05% 4.99%
Fabricated metal product manufacturing 0.02% 0.32% 0.99% 2.53%
Machinery manufacturing 0.25% 0.89% 1.73% 2.27%
Computer & electronic product manufacturing 0.01% 0.12% 0.39% 1.39%
Electrical equipment & appliance manufacturing 0.13% 0.84% 1.60% 2.74%
Motor vehicles, & parts manufacturing 0.01% 0.16% 0.42% 1.01%
Other transportation equipment manufacturing 0.02% 0.22% 0.64% 1.71%
Furniture & related product manufacturing 0.02% 0.24% 0.58% 1.32%
Miscellaneous manufacturing 0.05% 0.62% 1.37% 2.72%
Food manufacturing 0.04% 0.44% 1.04% 2.14%
Beverage & tobacco product manufacturing 0.05% 0.62% 1.44% 2.84%
Textile mills 0.06% 0.90% 2.67% 6.18%
Textile product mills 0.08% 0.95% 2.30% 5.00%
Apparel manufacturing 0.07% 1.04% 3.77% 8.16%
Leather & allied product manufacturing 0.04% 0.74% 2.60% 2.31%
Paper manufacturing 0.05% 0.67% 1.85% 4.20%
Printing & related support activities 0.05% 0.54% 1.35% 2.89%
Petroleum & coal product manufacturing -0.19% -4.02% -7.56%  -10.88%
Chemical manufacturing 0.07% 0.95% 2.51% 5.72%
Plastics & rubber product manufacturing 0.03% 0.53% 1.53% 3.61%
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Sector 2010 2015 2020 2025
Wholesale trade 0.05% 0.38% 0.96% 2.15%
Retail trade 0.09% 0.44% 1.18% 2.67%
Air transportation 0.04% 0.36% 0.69% 1.17%
Rail transportation -0.21% -1.32% -1.51% -1.01%
Water transportation 0.00% 0.04% 0.08% 0.18%
Truck transportation 0.04% 0.42% 1.03% 2.09%
Transit & ground passenger transportation 1.22% 12.69% 23.79% 22.80%
Pipeline transportation -1.63% -9.19% -16.14%  -22.15%
Scenic & sightseeing transportation 0.03% 0.33% 0.75% 1.44%
Warehousing & storage 0.07% 0.60% 1.54% 3.34%
Publishing industries, except Internet 0.06% 0.36% 0.56% 1.26%
Motion picture & sound recording industries 0.12% 1.22% 2.54% 4.64%
Internet publishing & broadcasting 0.08% 0.92% 2.07% 4.10%
Broadcasting, except Internet 0.07% 0.69% 1.56% 3.06%
Monetary authorities; Credit intermediation 0.52% 2.69% 5.72% 10.10%
Securities, commodity contracts, investments 0.18% 1.56% 3.28% 6.02%
Insurance carriers & related activities 0.05% 0.55% 1.13% 2.04%
Real estate 0.09% 0.96% 2.37% 5.01%
Rental & leasing services 0.04% 0.45% 1.11% 2.38%
Professional & technical services 0.03% 0.33% 0.88% 1.97%
Management of companies & enterprises 0.06% 0.51% 1.27% 2.70%
Administrative & support services 0.03% 0.36% 0.92% 1.96%
Waste management & remediation services 2.93% 18.19% 27.06% 18.98%
Educational services 0.05% 0.51% 1.39% 2.94%
Ambulatory health care services 0.17% 1.53% 2.94% 5.02%
Hospitals 0.05% 0.52% 1.17% 2.31%
Nursing & residential care facilities 0.07% 0.66% 1.48% 2.94%
Social assistance 0.07% 0.73% 1.77% 3.67%
Performing arts & spectator sports 0.06% 0.57% 1.28% 2.57%
Museums, historical sites, zoos, & parks 0.08% 0.79% 1.82% 3.68%
Amusement, gambling, & recreation 0.07% 0.70% 1.70% 3.51%
Accommodation 0.06% 0.66% 1.70% 3.73%
Food services & drinking places 0.09% 0.85% 1.93% 3.81%
Repair & maintenance 0.10% 0.94% 1.97% 3.41%
Personal & laundry services 0.22% 2.01% 4.11% 7.60%
Membership associations & organizations 0.06% 0.62% 1.43% 2.85%
Private households 0.22% 2.23% 4.39% 7.56%

Table D4: Sectoral Employment Impacts of Simultaneous CAP Policy Options

(Thousands)

Sector 2010 2015 2020 2025
Forestry & logging; Fishing, hunting, & trapping 0.11 0.20 0.10 0.06
Agriculture & forestry support activities; Other 1.94 6.60 11.17 15.57
Qil & gas extraction -0.01 -0.04 -0.05 -0.03
Mining (except oil & gas) 0.00 0.00 0.00 0.01
Support activities for mining 0.00 0.00 -0.01 0.00
Utilities -0.42 -1.98 -3.20 -4.18
Construction -0.34 -1.41 -0.72 3.14
Wood product manufacturing 0.00 0.01 0.04 0.08
Nonmetallic mineral product manufacturing 0.00 0.03 0.09 0.21
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Sector 2010 2015 2020 2025
Primary metal manufacturing 0.01 0.06 0.12 0.20
Fabricated metal product manufacturing 0.01 0.11 0.29 0.58
Machinery manufacturing 0.10 0.31 0.53 0.70
Computer & electronic product manufacturing 0.00 0.01 0.03 0.11
Electrical equipment & appliance manufacturing 0.01 0.07 0.11 0.15
Motor vehicles, & parts manufacturing 0.02 0.19 0.41 0.84
Other transportation equipment manufacturing 0.00 0.01 0.02 0.06
Furniture & related product manufacturing 0.00 0.05 0.10 0.19
Miscellaneous manufacturing 0.01 0.12 0.26 0.50
Food manufacturing 0.01 0.11 0.27 0.56
Beverage & tobacco product manufacturing 0.00 0.02 0.05 0.09
Textile mills 0.00 0.00 0.01 0.01
Textile product mills 0.00 0.02 0.03 0.05
Apparel manufacturing 0.00 0.01 0.02 0.04
Leather & allied product manufacturing 0.00 0.01 0.02 0.01
Paper manufacturing 0.01 0.05 0.12 0.22
Printing & related support activities 0.01 0.07 0.14 0.25
Petroleum & coal product manufacturing 0.00 -0.04 -0.06 -0.07
Chemical manufacturing 0.02 0.19 0.41 0.78
Plastics & rubber product manufacturing 0.01 0.13 0.33 0.68
Wholesale trade 0.08 0.47 1.03 1.97
Retail trade 0.44 1.98 5.04 11.23
Air transportation 0.01 0.04 0.08 0.11
Rail transportation -0.01 -0.03 -0.02 0.01
Water transportation 0.00 0.00 0.00 0.00
Truck transportation 0.03 0.26 0.66 1.49
Transit & ground passenger transportation 0.11 1.10 2.05 1.96
Pipeline transportation -0.02 -0.06 -0.09 -0.10
Scenic & sightseeing transportation 0.01 0.06 0.14 0.28
Warehousing & storage 0.01 0.06 0.13 0.26
Publishing industries, except Internet 0.02 0.17 0.32 0.49
Motion picture & sound recording industries 0.01 0.07 0.14 0.25
Internet publishing & broadcasting 0.01 0.06 0.12 0.20
Broadcasting, except Internet 0.02 0.20 0.40 0.72
Monetary authorities; Credit intermediation 0.42 2.00 4.00 6.56
Securities, commodity contracts, investments 0.08 0.60 1.05 1.49
Insurance carriers & related activities 0.04 0.38 0.80 1.46
Real estate 0.14 1.65 4.22 9.34
Rental & leasing services 0.02 0.20 0.41 0.75
Professional & technical services 0.08 1.04 2.85 6.63
Management of companies & enterprises 0.03 0.22 0.54 1.09
Administrative & support services 0.09 1.23 3.00 6.26
Waste management & remediation services 0.39 2.33 3.40 2.16
Educational services 0.05 0.57 1.60 3.52
Ambulatory health care services 0.31 2.84 5.62 10.04
Hospitals 0.09 0.97 2.16 4.29
Nursing & residential care facilities 0.07 0.69 1.63 3.48
Social assistance 0.09 1.08 2.80 6.27
Performing arts & spectator sports 0.03 0.25 0.57 1.10
Museums, historical sites, zoos, & parks 0.00 0.04 0.09 0.20
Amusement, gambling, & recreation 0.04 0.46 1.28 3.03
Accommodation 0.02 0.22 0.59 1.36
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Sector 2010 2015 2020 2025
Food services & drinking places 0.25 2.17 4.57 8.58
Repair & maintenance 0.05 0.46 0.94 1.64
Personal & laundry services 0.14 1.21 2.42 4.44
Membership associations & organizations 0.06 0.65 1.62 3.59
Private households 0.10 0.83 1.53 2.53
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Table D5: Sectoral Employment Impacts of Simultaneous CAP Policy Options
(Percent Change from Baseline Values)

Sector 2010 2015 2020 2025
Forestry & logging; Fishing, hunting, & trapping 2.14% 4.67% 2.70% 1.72%
Agriculture & forestry support activities; Other 19.03% 72.31% 136.06% 209.77%
Qil & gas extraction -0.08% -0.51% -0.91% -1.24%
Mining (except oil & gas) 0.00% 0.06% 0.07% 0.22%
Support activities for mining -0.04% -0.26% -0.33% -0.21%
Utilities -2.21%  -11.27%  -19.19%  -26.01%
Construction -0.18% -0.81% -0.42% 1.79%
Wood product manufacturing 0.00% 0.15% 0.48% 1.23%
Nonmetallic mineral product manufacturing 0.00% 0.28% 0.90% 2.27%
Primary metal manufacturing 0.04% 0.49% 1.50% 3.64%
Fabricated metal product manufacturing 0.02% 0.25% 0.80% 2.12%
Machinery manufacturing 0.21% 0.79% 1.39% 1.92%
Computer & electronic product manufacturing 0.01% 0.08% 0.27% 1.04%
Electrical equipment & appliance manufacturing 0.15% 0.95% 1.74% 2.90%
Motor vehicles, & parts manufacturing 0.01% 0.19% 0.53% 1.44%
Other transportation equipment manufacturing 0.02% 0.18% 0.49% 1.31%
Furniture & related product manufacturing 0.02% 0.30% 0.63% 1.31%
Miscellaneous manufacturing 0.05% 0.58% 1.27% 2.52%
Food manufacturing 0.03% 0.37% 0.89% 1.87%
Beverage & tobacco product manufacturing 0.05% 0.58% 1.31% 2.58%
Textile mills 0.05% 0.80% 2.38% 5.53%
Textile product mills 0.08% 0.89% 2.20% 5.02%
Apparel manufacturing 0.07% 0.96% 3.36% 7.03%
Leather & allied product manufacturing 0.04% 0.69% 2.63% 1.82%
Paper manufacturing 0.04% 0.53% 1.38% 3.04%
Printing & related support activities 0.04% 0.49% 1.19% 2.51%
Petroleum & coal product manufacturing -0.19% -4.01% -7.55% -10.87%
Chemical manufacturing 0.07% 0.80% 1.96% 4.24%
Plastics & rubber product manufacturing 0.03% 0.45% 1.24% 2.88%
Wholesale trade 0.05% 0.35% 0.86% 1.90%
Retail trade 0.08% 0.40% 1.06% 2.39%
Air transportation 0.04% 0.33% 0.63% 1.05%
Rail transportation -0.21% -0.69% -0.45% 0.35%
Water transportation 0.00% 0.00% -0.03% -0.02%
Truck transportation 0.04% 0.36% 0.87% 1.86%
Transit & ground passenger transportation 1.22% 12.50% 23.27% 21.97%
Pipeline transportation -1.62% -9.16%  -16.08%  -22.09%
Scenic & sightseeing transportation 0.03% 0.32% 0.72% 1.36%
Warehousing & storage 0.05% 0.41% 0.92% 1.84%
Publishing industries, except Internet 0.08% 0.76% 1.53% 2.55%
Motion picture & sound recording industries 0.12% 1.16% 2.38% 4.29%
Internet publishing & broadcasting 0.08% 0.87% 1.93% 3.80%
Broadcasting, except Internet 0.07% 0.69% 1.52% 2.94%
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Sector 2010 2015 2020 2025
Monetary authorities; Credit intermediation 0.51% 2.62% 5.53% 9.67%
Securities, commodity contracts, investments 0.18% 1.51% 3.12% 5.67%
Insurance carriers & related activities 0.05% 0.52% 1.06% 1.90%
Real estate 0.08% 0.89% 2.17% 4.54%
Rental & leasing services 0.10% 0.95% 1.95% 3.61%
Professional & technical services 0.02% 0.30% 0.76% 1.68%
Management of companies & enterprises 0.05% 0.42% 1.02% 2.13%
Administrative & support services 0.03% 0.36% 0.87% 1.81%
Waste management & remediation services 3.24% 19.72% 29.56% 20.25%
Educational services 0.05% 0.50% 1.30% 2.66%
Ambulatory health care services 0.15% 1.31% 2.46% 4.12%
Hospitals 0.05% 0.45% 0.97% 1.86%
Nursing & residential care facilities 0.06% 0.58% 1.25% 2.44%
Social assistance 0.06% 0.62% 1.40% 2.78%
Performing arts & spectator sports 0.07% 0.63% 1.41% 2.74%
Museums, historical sites, zoos, & parks 0.07% 0.65% 1.43% 2.82%
Amusement, gambling, & recreation 0.06% 0.58% 1.37% 2.75%
Accommodation 0.05% 0.55% 1.37% 2.94%
Food services & drinking places 0.08% 0.72% 1.55% 3.01%
Repair & maintenance 0.08% 0.75% 1.55% 2.74%
Personal & laundry services 0.23% 1.96% 3.86% 6.90%
Membership associations & organizations 0.06% 0.55% 1.22% 2.40%
Private households 0.22% 2.15% 4.20% 7.22%
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APPENDIX E: UPDATES OF PoLIcYy OPTIONS

This appendix summarizes the updates to the policy options recommended in the MCAC Action
Plan report and the results of those updates on expected greenhouse gas (GHG) reductions and
costs.

The 33 quantified MCAC options range in GHG reduction potential from 0.03 million metric tons
carbon dioxide equivalent (MMtCO2e) reductions in 2025 for Advanced Vehicle Technology
(TLU-4) to 53.8 MMtCO2e for Existing Buildings Energy Efficiency Incentives, Assistance,
Certification and Financing (RCI-2). Given the relatively short amount of time available to
conduct this study it was decided that only the more significant options would be re-quantified
and analyzed through the macroeconomic model. Tables 1 though 4 of the text show the
original list of quantified Action Plan options with highlighting indicating the policy options that
were included in this analysis. The 21 highlighted policies represent 95 percent of all 2025
projected GHG reductions under the original analysis, after taking into consideration policy
overlaps.

These 21 original options were then classified into CCS ‘Consolidated Options’, which represent
policies (1) having the greatest GHG reduction potential; (2) being gateway options with limited
near-term reduction potential but holding great promise in later years (advanced vehicle
technologies, nuclear); or (3) having limited potential statewide but are highly cost-effective
and important for other reasons. The updated estimate of total GHG reductions in 2025 is 121
MMtCO-e. This compares favorably with the original Action Plan 2025 estimate of 117
MMtCOze.

When the Action Plan was published it was projected that the 33 quantified options would
achieve a 40 percent reduction of GHG emissions in 2025 as compared to business as usual.
Given that emissions are no longer expected to grow as fast as assumed when the plan was
developed, and that total reductions are now expected to be 121 MMtCO2e 2025, updated
projections now indicate a 44 percent reduction is possible in 2025.

The MCAC recommended reduction goals of 20 percent below 2005 levels by 2020 and 80
percent below 2005 by 2050. The 2020 goal equates to total emissions no greater than 198
MMtCo2e in 2020. The revised business-as-usual forecast projects emission of 247.1 MMtCO2e
in 2020 (assuming none of the options is implemented), requiring reductions of 49 MMtCO2e.
The Action Plan estimated that the implementation of all MCAC policies would result in 78.9
MMtCO2e in reductions in 2020. Revised total emissions reductions from policies based upon
this update are now expected to total 90 MMtCO2e; therefore, if all updated policies were
implemented current projections indicate that the 2020 goal would be met with 41 MMtCO2e
to spare.

Overall cost effectiveness has shifted since the Action Plan report. It was originally estimated
that to implement all recommended policies would result in an average net savings of $10.20
per ton of CO,e removed. The new estimate for the subset of policies updated here is an

average net positive cost of $0.30 per ton COe. There are two reasons for this shift. The first
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has to do with the methodology of this update, and the second is attributable to updated cost
analysis in the forestry and waste sectors.

The first issue relates to the use of the ‘Consolidated Option’ approach and its effect on a single
TLU option, specifically, TLU-2, Eco-Driver Program. This option contributed reductions at a very
high cost savings in the original MCAC Action Plan, and its exclusion here increases the net costs
in the TLU sector and the plan as a whole. The original cost for the options in the TLU sector
was a net savings of $36 per ton of GHG reduced. This update, exclusive of TLU-2, finds a sector
total cost of positive $5.64 per ton — a decline in cost-effectiveness of more than $41 per ton
for the sector. If we include the original results for TLU-2 into the update, the sector total is a
savings of $39 per ton, which represents an increase of cost effectiveness of $3 per ton. In
other words, the net effect of these revised TLU policy analyses is an improvement in cost
effectiveness, and the entire reason for the apparent decline is the exclusion of a single option
from the result.

If we include TLU-2 in the grand total, a similar thing happens. The new cost effectiveness for
the whole plan becomes a savings of $3.30 per ton reduced, which although lower than the
original savings of $10.20, is still a more cost effective result than the $0.30 per ton result
reported above.

The balance of the decline in overall cost effectiveness is entirely due to revised estimates in
the AFW sector as explained below.

Figure E.1 presents a stepwise marginal cost curve for Michigan. The horizontal axis represents
the percentage of GHG emissions reduction in 2025 for each option relative to the business as
usual (BAU) forecast. The vertical axis represents the marginal cost of mitigation (expressed as
the cost-effectiveness of each policy option on a cumulative basis, 2009-2025). In the figure,
each horizontal segment represents an individual policy. The width of the segment indicates the
GHG emission reduction potential of the option in percentage terms. The location of the
segment relative to the y-axis shows the average cost (or saving) of reducing one ton CO,e of
GHG emissions with the application of the option.
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Figure E.1. Stepwise Marginal Cost Curve for Michigan, 2025, Updated

Marginal Cost Curve of Michigan, 2025
(Center for Climate Strategies, 2009) A
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BAU = business as usual; GHG = greenhouse gas; tCO,e = metric tons of carbon dioxide equivalent; AFW = Agriculture, Forestry, and
Waste Management; ES = Energy Supply; TLU = Transportation and Land Use; RCI = Residential, Commercial and Industrial

Negative values represent net cost savings and positive values represent net costs associated with the policy option.
Note: Results have been adjusted to remove overlaps between policies.

Table E.1 presents the updated policy options depicted on the marginal cost curve in the same

(ascending) order by cost as in Figure 1.

Table E.1. Updated Michigan Climate Options in Order of Cost Effectiveness

Methane Utilization (AFW-3)

GHG Cost-
Michigan Consolidated Option (MCAC Option) Reductions | - Effective-
g P P (MMtCO,e) ness
2025 ($/tCO%e)
TLU Consolidated Option TLU6-CO: Smart Growth/Land Use (TLU-6) 0.43 -$92.84
TLU Consolidated Option TLU1-CO: Anti-Idling Technologies and Practices (TLU-3) 0.73 -$47.92
RCI Consolidated Option RCI3-CO: Building Codes (RCI-4) 9.82 -$33.76
RCI Consolidated Option RCI1-CO: Demand Side Management Programs (RCI-2) 28.77 -$27.39
RCI Consolidated Option RCI2-CO: High Performance Buildings (private and public 5551 $27.39
sector) (RCI-2)
AFW Consolidated Option AFW2-CO: Nutrient Management (AFW-7b) 0.14 -$21.91
AFW Consolidated Option AFW1-CO: Soil Carbon Management (AFW-7a) 1.72 -$13.47
AFW Consolidated Option AFW4-CO: MSW Landfill Gas Management (AFW-10) 2.71 -$2.22
AFW Consolidated Option AFW3-CO: Livestock Manure - Anaerobic Digestion and 0.14 $1.72

The Center for Climate Strategies

53

www.climatestrategies.us




Macro Economic Analysis of Michigan’s Climate Action Plan
January 4, 2010

GHG Cost-
Michigan Consolidated Option (MCAC Option) Reductions | - Effective-
chiga e ptio ptio (MM1tCO,e) ness
2025 ($/tCO,e)
2.49 $2.67
TLU Consolidated Option TLU4-CO: Renewable Fuel Standard (biofuels goals)
5.9 $4.15
(TLU-1)
0.51 S4.44
AFW Consolidated Option AFW5-CO: Enhanced Recycling of Municipal Solid Waste 20.49 $16.49
(AFW-9)
7.54 $21.63
12.88 $41.14
AFW Consolidated Option AFW6-CO: Reforestation/Afforestation (AFW-8a, part 1
. 0.94 $45.44
Afforestation)
TLU Consolidated Option TLU3-CO: Mode Shift from Truck to Rail (TLU-8) 0.2 $93.12
TLU Consolidated Option TLU5-CO: Transit (TLU-7) 0.43 $102.86
AFW Consolidated Option AFW7-CO: Urban Forestry (AFW-8b) 3.03 $183.26
TLU Consolidated Option TLU2-CO: Vehicle Purchase Incentives, including rebates 0.02 $1411.33
(TLU-4)
TOTAL 121.69 $0.30

The policy option summary tables from the MCAC final report are reproduced as Tables 1
through Table 4 of the text, where policy option options highlighted in yellow have been
adjusted in accordance with the sector summaries below.

Update of GHG Emissions Forecast

The Action Plan forecast of Michigan GHG emissions projected total economy-wide emissions of
292 MMtCO,e in 2025, assuming none of the recommended GHG mitigation measures are
adopted. Revised information has been used to update this estimate as described below. The
new 2025 estimated GHG emissions (absent the implementation of Action Plan options) is 274
MMtCO,e, or 6.2 percent below the original. This is principally due to lower expected economic
growth, higher projected fuel costs and the GHG reductions expected from recent actions such
as the improved federal fuel efficiency (CAFE) standards for vehicles.

Adjustments to forecasted emissions have been made by economic sector as follows:

e Energy Supply (electricity generation, fossil fuel extraction, processing and
transmission): Forecasted emissions were revised through the use of U.S. Energy
Information Administration (EIA) Annual Energy Outlook (AEO) 2009 (EIA, 2009a)
electricity sales projections, as opposed to AEO 2006 projections used in the original
plan. Historical data replaced projections for years between the plan and now.
Electricity sales were based upon the updated forecast provided by James Rogers of the
Michigan Public Service Commission.
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e Residential, Commercial and Industrial (stationary source emissions from structures plus
industrial process emissions): The RCl sector forecasts for Michigan were modified by
updating the growth factors using the corresponding portions of the Annual Energy
Outlook 2009 with an updated reference case reflecting provisions of the American
Recovery and Reinvestment Act. Electricity sales were based upon the updated forecast
provided by James Rogers of the Michigan Public Service Commission.

e Transportation and Land Use (mobile source emissions plus land use efficiencies): The
aviation sector and growth factors for LPG, natural gas, and lubricant consumption were
updated using AEO 2009 data. Vehicle Miles Traveled (VMT) data were provided by the
Michigan Department of Transportation. The projected impact of the new federal CAFE
fuel economy standards has been included.

e Agriculture, Forestry and Waste Management (agriculture and forestry GHG sources and
sinks plus waste management activities): No changes in the forecasted emissions were
made in the AFW sectors.

Table E.2 and Figure E.2 show the historical and expected emissions from various sectors in
Michigan between 2005 and 2025. The sectors expected to grow the most on a percentage
basis are waste, industrial process and fossil fuel industry. Of these, only industrial process is a
major source. The two largest sectors, electricity and transportation, are expected to grow 24
percent and 8 percent, respectively, between 2005 and 2025. Electricity increases from 36
percent to 41 percent of total emissions, and transportation remains the same at 23 percent.
Only agriculture and residential, industrial and commercial fuel use are expected to decline
between 2005 and 2025.

Table E.2. Michigan GHG Emissions Inventory and Forecast by 7 Sectors, 1990-2025

MMtCO,e 1990 1995 2000 2002 2005 2006 2010 2015 2020 2025
Electricity - Consumption 70.3 79.7 86.9 83.1 90.0 86.4 91.0 975 1039 1111
Res/Comm/Ind (RCI) 67.5 68.3 66.1 60.2 59.9 58.5 55.0 52.4 50.0 47.4
Transportation 49.2 55.4 59.0 59.2 58.0 58.5 60.3 59.9 61.2 62.6
Fossil Fuel Industry 4.9 5.6 6.1 6.2 6.6 6.8 7.3 7.9 8.7 9.7
Industrial Processes 15.3 18.0 18.1 17.2 18.4 18.7 18.9 21.0 23.3 26.4
Waste Management 4.7 5.3 5.3 4.5 6.3 6.4 7.0 7.8 8.7 9.7
Agriculture 8.3 8.3 8.0 7.9 8.1 7.9 7.7 75 7.2 7.0

Total Gross Emissions

. 220.2 2405 2496 2382 2473 2431 2471 2539 2631 2740
(Consumption)
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Figure E.2. GHG Emissions Forecast by 10 Sectors for Michigan

Michigan Gross GHG emissions by sector, 1990-2025 (consumption basis)
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MMtCO,e = million metric tons of carbon dioxide equivalent; RCI = direct fuel use in residential, commercial, and
industrial sectors; ODS = ozone-depleting substance; Ind. = industrial.

Figure E.3 shows the relative emissions growth by sector for the fifteen-year historic period
(1990-2005) and the 15 year projected period (2005-2020). Industrial fuel use has been
separated from RCI and industrial process and ozone depleting substances (ODS) have been
shown separately.
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Figure E.3. Michigan Emissions Growth by Sector for 1990-2005 and 2005- 2020

Michigan Historic (1990-2005) and Projected (2005-2020)

Emissions Growth by Sector
(Center for Climate Strategies, 2009)
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MMtCO,e = million metric tons of carbon dioxide equivalent; HFCs = Hydrofluorocarbons; ODS = ozone-depleting substance;
Ind. = industrial.

Updates to Energy Supply Options

Six Michigan ES policy options were updated. ES-13, Combined Heat and Power, was updated as
part of RCI for consistency with other states. In all cases a 5 percent discount rate was used for
the calculation of Net Present Value (NPV), using 2006 dollars as the benchmark. The REMI
macroeconomic analysis requires significantly more detailed cost information than was
provided in the Action Plan report. Each policy option update included these results and the
detail is available in Appendix C, Model Inputs, in the macroeconomic report, The Economic
Impact of the Michigan Climate Action Council and the Climate Action Plan on the State’s
Economy.

Overall, ES cost effectiveness improved between the original estimates and these updates. The
MCAC report projected a cost per ton of GHG removed of $36, and this analysis shows cost
effectiveness of $28.16, or about S8 per ton better across the sector.

Option-specific updates are as follows:

ES-1: Renewable Portfolio Standard (RPS) and Environmental Portfolio Standard (EPS): The
reanalysis of the renewable portfolio standard assumed the same share of renewable
generation by 2025 (i.e., 25%) and the same renewable resource mix as in the original RPS.
Moreover, the avoided generation costs, as well as the cost and performance characteristics of
all renewable technologies were assumed to be the same. There are three major changes from
the original analysis for the RPS. First, annual sales were adjusted to be consistent with an
annual growth rate of 0.63 percent per year over the period 2007-2025. Second, gross
generation was adjusted to reflect the evolution of the electric sector that accounts for
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renewable resources coming online as well as gradual improvements in performance
characteristics of fossil resources. Third, a new avoided electricity emissions rate was integrated
into the analysis that better accounted for the benefits of the RPS policy, consistent with the
new forecast.

ES-6: Nuclear Power. The updated analysis of the nuclear power option made the same
assumptions regarding plant size (1,100 MW) and online year (2020), resulting in only six years
of GHG reduction benefits as the period of analysis was 2007-2025. The cost comparison was
relative to an updated new avoided electricity emissions rate as noted above.

ES-10 and ES-11: Repowering. There were two options related to repowering of coal-fired
power stations, biomass co-firing and re-firing with natural gas. For both options, the original
cost and performance characteristics were assumed, adjusted to 2006S.

ES-13, Combined Heat and Power (CHP) Standards, Incentives and/or Barrier Removal: Growth
in CHP supplies was increased from 1.1 percent/year in 2015 to 1.3 percent /year as this is the
weighted average increase in electricity demand from the revised Michigan Inventory and
Forecast. This had a negligible effect compared to original analysis, raising cumulative 2025
reductions from 7.8 MT to 8.0.

Updates to Residential, Commercial and Industrial Options

Four Michigan RCI policy options were updated, plus ES-13, Combined Heat and Power, which
was updated as part of RCI for consistency with other states. In all cases a 5 percent discount
rate was used for the calculation of Net Present Value (NPV), using 2006 dollars as the
benchmark. The REMI macroeconomic analysis requires significantly more detailed cost
information than was provided in the Action Plan report. Each policy option update included
these results and the detail is available in Appendix C, Model Inputs, in the macroeconomic
report, The Economic Impact of the Michigan Climate Action Council and the Climate Action
Plan on the State’s Economy.

RCI Cost effectiveness improved slightly compared to the original analysis. The MCAC report
estimated RCI sector savings of $24.80 per ton reduced, and this has grown to savings of $28.26
in this analysis.

Updated RCI fuel forecasts were based on AEO 2009 data, and revised electricity sales were
based upon the updated forecast provided by James Rogers of the Michigan Public Service
Commission. Electricity avoided costs were originally based upon ISO data that was agreed
upon and negotiated by the stakeholder group. These were not updated as new data was
unavailable. Levelized costs of energy efficiency measures were not updated.

Updating the housing start assumptions was examined, but regional forecast data was not
available from the census (due Dec 2009). The 2009 updated historical data from the census
showed higher housing stock for 2008 than the older census data, so this data was left
unchanged.

Option-specific updates are as follows:
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RCI-2, Existing Buildings Energy Efficiency Incentives, Assistance, Certification, and Financing:
47 percent of the costs and GHG savings from this option were placed into RCI-4, Adopt More
Stringent Building Codes for Energy Efficiency option. This is because the costs for the two were
almost identical (RCI-2 was $-23 versus $-27 in RCI-4 update) and the reductions from the
buildings option was eliminated in the original analysis due to overlaps. The total costs and
reductions from the sector remain the same; they are now just split between the two
Consolidated Options.

Updates to Agriculture, Forestry and Waste Management Options

Five Michigan AFW policy options were updated. In all cases a 5 percent discount rate was used
for the calculation of Net Present Value (NPV), using 2006 dollars as the benchmark. The REMI
macroeconomic analysis requires significantly more detailed cost information than was
provided in the Action Plan report. Each policy option update included these results and the
detail is available in Appendix C, Model Inputs, in the macroeconomic report, The Economic
Impact of the Michigan Climate Action Council and the Climate Action Plan on the State’s
Economy.

AFW cost effectiveness dropped significantly as a result of this update. The original MCAC
Action Plan estimated AFW-wide average cost-effectiveness as a savings of $S11 per ton
reduced. This update projects a positive cost of $28.77 per ton reduced for the sectors. The
reasons for this shift are explained below in AFW-3, AFW-7a, AFW-7b, AFW-8 and AFW-9. In
some cases errors in the original calculations were found, in others more recent data was used
and in still others the change was simply the result of the updated discount base year and fuel
price assumptions.

Option-specific updates were as follows:

AFW-3, Methane Capture and Utilization from Manure and Other Biological Waste: The
framework and parameters of the original quantification was retained. However, during the
process of updating the quantification, it was evident that the cost results in the original
analysis were not discounted. Therefore, the analysis was updated by applying a 5 percent
discount rate, with 2006 as the base year. This correction drastically lowered the predicted
cost-effectiveness.

AFW-7a, Soil Carbon Management, and AFW-7b, Nutrient Efficiency: This analysis combined the
original sub-options into one consolidated option. Changes made to the quantification of these
sub-options are detailed separately. Soil Carbon Management’s framework and parameters
were retained. The only change was to change the discounting base year from 2005 to 2006.
The consequence of this change was to increase the projected discounted cost savings of this
sub-option by a small margin. Nutrient Management’s framework and parameters were also
retained. The discounting base year was changed from 2005 to 2006. Also, it was assumed that
the cost for baseline soil testing would be incurred in the year prior to implementation, rather
than the original assumption which had this cost assigned to the first year of implementation.
These changes led to a slight increase in the projected discounted cost savings of this sub-
option.
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AFW-8, Reforestation/Afforestation: Afforestation was an element of AFW-8a (Enhanced
Forestland Management). The elements of this sub-option that addressed the increased
stocking of under-stocked forests and planting of trees for energy crops were removed from
the updated analysis. There were no changes made to the afforestation element for this
update, except for changing the discounting base year to 2006. Urban Forestry was also an
element in AFW-8. The fundamental methodology from the initial quantification of the MCAC
option was retained in the analysis of this consolidated option. However, two parameters —
economic benefit from energy saving, and tree maintenance costs — did not match the
parameters in the data sources cited. This error was corrected, and the economic benefit was
changed from $24 per tree to $34 per tree, while the maintenance cost was reduced from $23
per tree to $10 per tree. In addition, the discounting base year was changed to 2006. These
changes significantly reduced the projected cost-effectiveness of the urban forestry option,
from a net cost of savings of $13/tCO,e in the original analysis to a net cost of $183/tCO,e here.

AFW-9, Source Reduction, Advanced Recycling, and Organics Management: The GHG reduction
and cost-effectiveness estimates provided in this consolidated option are reflective of the life-
cycle benefits of increased recycling. In the original MCAC report, only in-state reductions
derived from the reduced landfilling of waste were reported. This change was made to maintain
consistency with methods used in all other states. The cost-effectiveness estimate for enhanced
recycling in Michigan has changed, based on updated information regarding the capital and
O&M cost of material recovery facilities. In the initial analyses, CCS used an anecdotal estimate
of capital cost (did not include O&M) from the Vermont process, which was adjusted based on
the number of households in each state. For the updated analyses, CCS utilized per-ton capital
and O&M cost estimates from a reference material recovery facility in Pennsylvania.8 Based on
this new information, it appears that CCS had previously underestimated the capital costs
associated with increased recycling. Additionally, the discounting base year was changed to
2006. These changes had the net effect of reducing the predicted cost-effectiveness from a
projected cost-savings to a projected net cost for enhanced recycling measures.

AFW-10, Landfill Methane Energy Program: There were no major changes to the methodology
or parameters used to complete the analysis of this option. The only changes included utilizing
the most current version of the LFGCost model to estimate the costs of additional landfill gas
collection and utilization, and changing the base year for discounting to 2006. These two
changes had a minimal net effect on the cost-effectiveness estimate.

Updates to Transportation and Land Use Options

Six Michigan TLU policy options were updated. In all cases a 5 percent discount rate was used
for the calculation of Net Present Value (NPV), using 2006 dollars as the benchmark. The REMI
macroeconomic analysis requires significantly more detailed cost information than was
provided in the Action Plan report. Each policy option update included these results and the
detail is available in Appendix C, Model Inputs, in the macroeconomic report, The Economic

8 RW Beck. 2004. “Lycoming County Material Recovery Facility Evaluation.” Available through PA DEP at:
http://www.dep.state.pa.us/dep/deputate/airwaste/wm/recycle/document/MRF_Lycoming.pdf.
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Impact of the Michigan Climate Action Council and the Climate Action Plan on the State’s
Economy.

TLU cost effectiveness appears to have declined as a result of this update, but that is not
actually the case. As explained in the general discussion of updated policy options above, the
issue relates to the use of the ‘Consolidated Option’ approach and its effect on a single TLU
option, specifically, TLU-2, Eco-Driver Program. This option contributed meaningful reductions
at a very high cost savings in the original MCAC Action Plan, and its exclusion here increases the
costs in the TLU sector and the plan as a whole. The original cost for the options in the TLU
sector was a net savings of $36 per ton of GHG reduced. This update, exclusive of TLU-2, finds a
sector total cost of positive $5.64 per ton — a decline in cost-effectiveness of more than $41 per
ton for the sector. If we include the original results for TLU-2 into the update, the sector total is
a savings of $39 per ton, which represents an increase of cost effectiveness of $3 per ton. In
other words, the net effect of these revised TLU policy analyses is an improvement in cost
effectiveness, and the entire reason for the apparent decline is the exclusion of a single option
from the result.

Option-specific updates were as follows:

TLU-1, Promote Low-Carbon Fuels in Transportation: This used AEO2009 fuel cost projections
for gasoline, corn ethanol and diesel fuels, and fuel consumption estimates were scaled
downward based upon the expected benefits from the improved federal CAFE standards.

TLU-3, Truck Idling Policies: This option was updated by using AEO2009 fuel cost projections for
diesel fuel and the expected number of Class 8 trucks was adjusted based upon AEO 2009.

TLU-4, Advanced Vehicle Technology: This updated fuel economy and vehicle prices for light-
duty vehicles using AEO2009 projections and updated vehicle miles travelled (VMT) growth
factors using updated Michigan inventory and forecast data. In addition, fuel costs were
updated using AEO2009 projections.

TLU-6, Land Use Planning and Incentives: TLU-6 was adjusted to reflect the lower fuel
consumption expected as a result of the new enhanced federal CAFE standard.

TLU-7, Transit and Travel Options: The gross costs and cost savings were broken out for REMI
analysis by estimating the fuel savings based on GHG savings to get total fuel savings. This was
then multiplied by the fuel price estimate for 2009 to get a gross savings figure. This was then
compared with the net cost figure to estimate gross costs. The fuel consumption estimate was
adjusted downward based on changes from the new federal CAFE standard.

TLU-8, Increase Rail Capacity, and Address Rail Freight System Bottlenecks: The emissions factor
was updated to the Greenhouse gases, Regulated Emissions, and Energy use in Transportation
(GREET) Model (Argonne National Laboratory, DOE) to account for life-cycle emissions. Also,
diesel fuel costs were updated using AEO2009.
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