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Executive Summary

This report was undertaken by the Northeast StateSoordinated Air Use
Management (NESCAUM) and the Maryland DepartmenhefEnvironment (MDE),
with funding by the MDE. MDE'’s goal is to startwi#oping a long-term ability to
concurrently analyze policy and market impactsiofaality and climate programs.
Recognizing that climate change will become theomapvironmental policy driver over
the next decade, MDE seeks to employ analyticalagmhes and techniques developed
by NESCAUM that evaluate least-cost policy pathwiaysachieving Maryland’s climate
goals while also yielding benefits to help the Staddress its other air quality challenges,
such as ozone, particulates, air toxics, and redjioaize.

MDE sees this study is seen as the first phasemfl-year effort. The study’s
focus was to take the initial steps to employ NE&G®As framework in Maryland. Over
the long term, MDE anticipates building in-houspaxity so that it can engage in multi-
pollutant planning using the tools that NESCAUM doys. By doing so, MDE will be
able to quantify the public health and economicetiéhof multi-pollutant measures in a
new manner that augments existing traditional plammtechniques and metrics.

ES-1. Integrating Air and Climate Planning in Maryland

As today’s environmental and public health chalEEngecome more complex,
states are recognizing the limits of the existimgyaality management framework and
the importance of moving to a more integrated, npdtlutant, economy-wide approach.
NESCAUM has recently developed an integrated, rejiMulti-Pollutant Policy
Analysis Framework that consists of a series oibregy models linked together for
analyzing energy, air quality, and economic andiputealth impacts in the Northeast.

In this Phase | effort, NESCAUM and MDE built quative and quantitative
capabilities for multi-pollutant analyses in Manyth Of particular interest were the
multi-pollutant co-benefits resulting from implentiey specific key features outlined in
Maryland’s Climate Action Plan. NESCAUM tailoreuet Northeast Market Allocation
Model (NE-MARKAL) to reflect Maryland-specific coiittbns, and developed a
reference case scenario that accounted for Marigd&ehewable Portfolio Standards
(RPS). NESCAUM then provided preliminary analysfismplementing the Regional
Greenhouse Gas Initiative (RGGI) program as desdrib the Maryland Healthy Air
Act, and the Maryland Clean Cars Act. Using owguem NE-MARKAL, NESCAUM
then conducted a preliminary health benefits agseissusing the Co-Benefits Risk
Assessment Model (COBRA). These analyses demomst@tools and approaches that
MDE can use in the future to evaluate potentiaigydhitiatives.

ES-2. Methods and Approach

This study analyzed recently adopted climate nitgapolicies using the NE-
MARKAL energy and environmental modeling framewoiRESCAUM developed three
basic scenarios: a reference case, a scenaricctdrd@ang RGGI, and a scenario
examining the Clean Cars Act. Next, NESCAUM exagdia more stringent carbon cap
scenario and then re-visited the Clean Cars Achatting for the lifecycle emissions of
transportation fuels. Results from the referemamnario, which accounts for the State’s
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RPS and the power sector provisions of the HedihyAct, provided the basis for
examining how the chosen policy scenarios wereigiedito change energy
consumption patterns, technology choices and rasudt, environmental outcomes.

After building the policy scenarios into the NE-MKRL framework,
NESCAUM conducted the modeling work and summarkadenvironmental and
energy effects. Concurrent with the energy modeiork, NESCAUM developed a
process to integrate the NE-MARKAL model with th@ BRA model. NESCAUM used
the modeled NE-MARKAL emission changes as inputs @OBRA to monetize the
public health benefits associated with the chodiemate policy scenarios.

ES-3. Results

Chapter Two details the representation of RGGltaedClean Cars Act in the
modeling exercise and the associated NE-MARKAL niageesults. The predicted
results indicate that RGGI is a modest carbon cajpnat a significant driver of
renewable energy, as greenhouse gas (GHG) reds@remredicted to be accomplished
primarily by adding new gas-fired power generatidime model predicted that a more
stringent cap on GHG emissions provides a stroogntive for renewable energy,
especially from wind projects, which under the mstrengent cap is predicted to account
for 2.5 gigawatts of electricity generation by 2029

The Clean Cars Act, which sets a GHG standarddbt-duty vehicles, affects
decision-making for the transportation sector défely, depending on whether the
analysis accounts for the life cycle emissions ftoamsportation fuels. Without life
cycle accounting under the Clean Cars Act, the gmyneffect is predicted to be a shift
away from gasoline and diesel in favor of signifitencreases in ethanol consumption.
After accounting for life cycle emissions, howewie Clean Cars standard is predicted
to be met by a much broader range of technologpgtind fuel choices. There is still
a predicted shift away from gasoline and diesdl cbmpressed natural gas usage is also
predicted to drop off sharply due to upstream eimissassociated with its production
and transportation. Another significant differetetween the two analyses of the Clean
Cars Act is the much heavier dependence on plinginid electric vehicles in the life
cycle emissions scenario.

ES-4. Next Steps

Because this is a preliminary analysis, NESCAUM stasted to identify three
areas where there are opportunities for futureystidrst, NESCAUM recommends
expanding the analysis to include the other modofidse NESCAUM Multi-Pollutant
Policy Analysis Framework, and to explore more @oblcenarios contained in
Maryland’s Climate Action Plan. Second, hand indhavith a more rigorous analysis,
NESCAUM recommends that analytical enhancementsidhee pursued, as follows:
(1) NESCAUM hopes to revisit the power sector ag#ions and, in consultation with
MDE, continue to refine the model’s assumptionsualbiais sector; (2) NESCAUM and
MDE found that the predicted rate of declining deoconsumption was non-intuitive.
To address this, NESCAUM would like to examine tfamsportation sector data and
constraints, and assess in coordination with MDEvbare and if to place a lower bound
gasoline consumption; (3) The relationship betwgh electricity prices induced by a
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carbon cap and increased deployment of industi@bs combined heat and power
(CHP) should be examined in more detail and expéioléhe commercial sector; (4)
The interaction between ethanol incentives and @oms of nitrogen oxides (NOx)
should be further examined. Third, efforts shcagdocused on how to build capacity
in-house at MDE so that it can engage in multiygalht planning using the suite of the
tools within the NESCAUM Framework.
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1. INTRODUCTION

1.1. Air Quality and Climate Planning in Maryland

The State of Maryland has made strides in addrgs$srair quality challenges.
By mid-2007, the Maryland Department of the Envimamt (MDE) had completed and
submitted to the U.S. Environmental Protection AyefEPA) its State Implementation
Plan (SIP) to attain the eight-hour, 0.08 partsrpilion (ppm) National Ambient Air
Quality Standard (NAAQS) for ozone. By early 2008 ad completed and submitted its
SIP for the annual fine particulate matter (RMNAAQS of 15 pg/m

In light of recent scientific studies supportingm@dealth protective standards,
the U.S. EPA promulgated lower, more protective;B&hd ozone NAAQS in 2006 and
2008, respectively. Maryland is currently involiedplanning efforts in-state and within
the greater Mid-Atlantic and Northeast regionsttaia those new health-based
standards. The MDE is working on policies that ftather reduce Maryland’s
emissions, as well as with states in the Ozonespanm Region and eastern U.S. to
mitigate pollution that originates upwind of Margth

In April 2007, Governor Martin O’Malley signed axé&cutive Order establishing
the Maryland Commission on Climate Change (the Csion). The Commission’s
principal charge is to develop a Plan of Actiore(@limate Action Plan) to address the
drivers of climate change, prepare for its likehypacts in Maryland, and establish goals
and timetables for implementation. In August 20068, Commission issued its Climate
Action Plan. The Commission has established theviong science-based goals for
reducing greenhouse gases (GHG) emissions in Matylall goals use a 2006 base
year:

* 10 percent reduction by 2012
» 15 percent reduction by 2015
» 25to 50 percent reduction by 2020
* 90 percent reduction by 2050

Maryland has already taken some important earipa€toward reaching these
goals, as described in the following sections.

1.1.1.The Healthy Air Act

Adopted as State law in 2006, the Healthy Air Axaludes a provision for
Maryland to join the Regional Greenhouse Gas linvea(RGGI), a groundbreaking cap-
and-trade program designed to reduce carbon dig&i@g) emissions from power plants
in participating states in the Northeast and MithAtic. The Maryland allocation in
RGGI is expected to reduce g@missions by approximately 8.7 million tons by @02
Maryland participated in RGGI’s first auctions oDgallowances in 2008.
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1.1.2.The Clean Cars Act

Maryland’s Clean Cars Act, adopted in 2007, requinglementing the
California Clean Cars program (CA LEV). By regogimore rigorous emissions
standards beginning in vehicle model year 2011ptbgram is expected to yield
reductions in GHG emissions in Maryland as earl2@K0, achieving reductions of
approximately six million metric tons by 2020.

1.1.3.EmPOWER Maryland Program

Launched by Governor O’'Malley in July 2007 and éedi by the General
Assembly in its 2008 session, the EmMPOWER MaryRrafjram is designed to reduce
per capita electricity use by Maryland consumerdbypercent in 2015. This could
reduce GHG emissions by roughly seven million ion2020.

1.1.4.The 2008 Legislative Session

Nearly all of the Commission’s Early Action recommdations for legislation
were adopted as law in the General Assembly’s 2@88ion. Significant early
reductions will be achieved through the followir@08 laws:

« EmPOWER Maryland Energy Efficiency Act of 2008

* Regional Greenhouse Gas Initiative — Maryland 8tjiatEnergy
Investment Program

* High Performance Buildings Act of 2008
* Renewable Portfolio Standard Percentage Requirerreftceleration

The Maryland General Assembly adopted other lawggded to reduce GHG
emissions in 2008 that were not part of the Comiomss Early Action
recommendations. These include: increased gradtsax incentives for solar and
geothermal installations; a law to spur developnagatind transit stations; low interest
loans for energy efficiency projects; and estalptisht of the Maryland Clean Energy
Center.

Taken together, these programs will provide redunstinot only in CQ but also
in air toxics, nitrogen oxides (NOXx), sulfur dioridSQ), and volatile organic
compounds (VOCs). Over the next few years, Mayhaill continue assessing and
developing policies and programs to further reddeis emissions and make progress
towards its climate goals.

1.2. The Need for Integrated Multi-Pollutant Planning

Under the federal Clean Air Act, states have beguired to prepare their plans
and programs to mitigate each air pollutant probdgsoretely. This has tended to
encourage a single-pollutant planning mindset. él@w, motor vehicles, power plants,
and other fossil fuel combustion sources can douiei to the formation of ground level
ozone, fine particle pollution, mercury and acighagtion, and climate change by

! This assumes that the EPA, upon reconsideration, appBaliésrnia’s request for a waiver of
preemption under Section 209 of the Clean Air Act.
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emitting NOx, SQ, VOCs, primary particulate, mercury (Hg), andL@s today’s
environmental and public health challenges become momplex, states are recognizing
the limits of the existing air quality managememinfiework and the importance of
moving to a more integrated, multi-pollutant, ecaryewide approach.

Integrated multi-pollutant planning has the potirto be a more economical way
to address environmental and public health issBgdooking at multiple air quality
goals concurrently and by identifying potential tohapproaches and their
environmental, public health, energy, and econompacts together, a more complex set
of policy questions emerges that can then be aseldesMulti-pollutant planning can
identify tradeoffs of implementing one strategy o&aother, help set priorities and
appropriate planning horizons, allow for more infied decisions, and ultimately provide
more regulatory certainty. It can help assesstanded consequences of various control
approaches and identify the best mix of policied emntrols, given the mandate to
protect public health and the environmént.

In June 2007, the federal Clean Air Act Advisoryn@uittee recommended that
governments adopt a comprehensive statewide ditygpanning process and move
from a single to a multiple pollutant approach iamaging air quality. The U.S.
Environmental Protection Agency (EPA) has initiapédts in four states that are already
engaging in statewide plannifig.

While many states have taken steps towards muliHpat planning and analysis
for criteria pollutants, few are integrating GHGemrury, and other air toxics. The
modeling potential technological evolution, corrasging emission reductions, and
possible co-benefits associated with multi-polltifarograms is complex and must be
performed using regional-scale tools of appropritiil. The Northeast States for
Coordinated Air Use Management (NESCAUM) has dgyedosuch modeling
capabilities and is currently engaged with somigsaihnember states in multi-pollutant
analytical techniques.

1.3. NESCAUM'’s Multi-Pollutant Analysis Framework

To assist states in moving to an integrated mulligpant planning approach,
NESCAUM has developed a Multi-pollutant Policy Aysik Framework (MPAF),
illustrated in Figure 1-1. It brings together arsks a series of models to integrate
energy, climate, and air quality planning. The MPP#ontains models that deal with: (1)
energy economics -- the Northeast Market Allocatwodel (NE-MARKAL) -- and
regional economic impacts -- the Regional Econdviuclels, Inc. (REMI); (2) air
quality and acid deposition -- the Community Mitiale Air Quality Modeling System
(CMAQ); and (3) health effects -- the Benefits Maqgpand Analysis Program
(BenMAPY or the Co-Benefits Risk Assessment Model (COBRA).

2 Weiss, Leah, Manion, M. Kleiman, G., James, C. Buildirandntum for Integrated Multipollutant
Planning; Northeast States’ Perspectivéir & Waste Manage. Assoc.; May 2007, 25-29

® Recommendations to the Clean Air Act Advisory Committee QAiality Management Subcommittee.
Phase Il Recommendations, June 2007. [&g&//epa.gov/air/caaac/agm/phase2finalrept2007.pdf

* See: http://www.epa.gov/air/agmp/

® Abt Associates. 2007. Environmental Benefits Mappird)Amalysis Program (BenMAP). BenMAP
2.4.8 US Version. Available at: http://www.epa.gov/airfinap/download.html
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The centerpiece of the framework is the NE-MARKADael. NE-MARKAL is
an energy model that simulates least-cost appreaoch&chieving pollution reductions.
The model covers 11 Northeast states plus thei@isfrColumbia® and characterizes
electricity generation, transportation, and theustdal, residential and commercial
building sectors over a 30 year time horizon.

NESCAUM'’s framework provides a range of outputs.atldition to assessing
potential emissions reductions, it allows the @eenput the emissions reductions data
into other models, thus providing data on poteraiafjuality and health benefits. It also
links the energy model to a regional economic mdiu estimates economic metrics,
such as gross state product, jobs, and houselsgdsiible income. These types of
economic indicators are important for states tmgasupport for prospective regulatory
programs. NESCAUM is currently engaged in pilaijpcts, using its multi-pollutant
analysis framework, with environmental agenciellassachusetts and New York.

Figure 1-1 — NESCAUM'’s Multi-Pollutant Policy Analysis Framework

: Health/Valuation
Policy Goal Meteorology Function
NE-MARKAL CMAQ BenMAP
Ambient
12-State REMI Concentrations
Wet/Dry Heglth Effects
Deposition Incidence and
Key . Cost/Benefit
Economic
Indicators

1.4. Project Goals and Tasks

The overarching goal of this project is to stanealeping a long-term ability at
MDE to analyze policy and market impacts of airlgyand climate programs and
technologies concurrently. Specifically, MDE renags the general shift in
environmental policy focus over the past few ydarm criteria air pollutant to climate

® The jurisdictions covered in the NE-MARKAL model includConnecticut, Delaware, District of
Columbia, Maine, Maryland, Massachusetts, New Hampshire,Jéesey, New York, Pennsylvania,
Rhode Island, Vermont, and Virginia.
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change. Anticipating that climate change will be major policy driver over the next
decade, MDE wants to employ NESCAUM’s frameworknira climate-centric
perspective, and evaluate least-cost policy patbwlagt can achieve Maryland’s climate
goals while also yielding benefits that can help 8tate address its other air quality
challenges (i.e., ozone, fine particulate, regidr@ae, and air toxics goals). Over the
long term, MDE also wants to be able to quantiy plublic health and economic benefits
of such multi-pollutant measures in a manner thataugment the existing, more
traditional emission reduction metrics. FurthereydviDE wishes to build capacity so
that staff can, in the future, engage in multi-p@ht planning using some of the tools
that NESCAUM employs.

In this Phase | effort, NESCAUM initiated effortslhuild qualitative and
guantitative capabilities for multi-pollutant ansds in Maryland. Of particular interest
were the multi-pollutant co-benefits resulting framplementing specific key features
outlined in Maryland’s Climate Action Plan.

In Phase |, NESCAUM tailored the NE-MARKAL modelteflect Maryland-
specific conditions. NESCAUM developed a NE-MARKAéference case scenario
containing Maryland’s Renewable Portfolio StanddRIBS), and provided preliminary
analysis of two key policy initiatives: the RGGlogram as described in the Healthy Air
Act and the Maryland Clean Cars Act. Using outgtgsn NE-MARKAL, NESCAUM
then conducted a preliminary health benefits assessusing COBRA.

The tasks for this project were as follows, anddiseussed in further detail in
Chapters Two and Three:

1. Identify air quality targets and climate-specgolicies and programs, and
characterize them for use in the NE-MARKAL model.

For this task, NESCAUM provided a list of modelw@asptions regarding
economic factors, fuel cost, growth, and demangeptimns, current technology stocks,
and future technology characterizations. NESCAUBVjaed a set of technical potential
and policy constraints that, in combination witk tther inputs, determined the future
technology evolution for Maryland through the leasst optimization model.

2. Develop the reference scenario.

To start the analysis, an appropriate referencessimewas developed against
which subsequent policies and their benefits wezasured. NESCAUM developed and
provided a detailed reference scenario that wasetbby future projections of
technological evolution, multi-pollutant emissiangjectories, and total system costs.
The reference scenario was reviewed by MDE stadfsgess future growth and trends,
subsequently adjusted, and approved.

3. Conduct NE-MARKAL model policy run and quantifg-benefits.

NESCAUM applied its framework to analyze the idged two key policy
initiatives described above, comparing these twlicigs to the reference scenario.
NESCAUM evaluated the lowest-cost options for nreethe RGGI carbon caps in
Maryland and explored the implications for Marylasf(RGGI-induced changes in fuels
and technologies in the electricity sector on Is\wlcriteria pollutants and overall
energy use. NESCAUM also reviewed results forlMtaeyland Clean Cars Act scenario.
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Estimates of criteria pollutant emission changesassociated health benefits were
developed.

4. Final results and report, assessing techndlaggfer needs, and next steps.

As part of Phase | and based on the NE-MARKAL rissINESCAUM has
detailed in this report the evolution of varioushtrologies that are key to Maryland’s
multi-sector economy, along with disaggregated stment and fuel costs and emissions
information. Preliminary analysis, using the COBRdalth benefit assessment tool, has
provided an estimate of the order of magnitudéneftiealth benefits that may result from
the Clean Cars Act policies due to any 2keductions. These analyses did not result in
any absolute or conclusive set of findings pebsérather, established the tools and an
approach that MDE can use as policy initiativespaoposed in the future.

The study has limitations that are inherent toNBEeEMARKAL model. The
results of NE-MARKAL derive from the wide array iofput assumptions, which include
such things as technology costs, resource availabild energy demand. The model
will, however, provide insights into how these ihpgsumptions affect the economics of
the regional energy system. The pathways projdnyetie model fail to reflect
individual or societal behavior associated witlk @asersion, uncertainty or informational
bias.

Other limitations of this specific study can be @$d$ed in future work. For
example, NESCAUM could further develop (i.e., pa®s/more detailed or
comprehensive data) and calibrate the analyticds$ t®o that more policies and programs
can be analyzed. Such future work could includkitig to regional-scale economic
models (REMI) and regional-scale air quality mod€MAQ) for more robust
assessments of macroeconomic indicators (e.g.eholdincome, jobs, gross state
product), as well as more detailed environmentakbts and public health assessments
(BENMAP). In addition, investigations of interamtis among different policies should
be performed because, in reality, multiple policiéis be put in place. Multi-policy
scenario analyses can help improve our understgradiwhich approaches may work
well in concert versus those that do not. Thioregiscusses these potential analyses
using NESCAUM'’s integrated framework that MDE copldarsue as part of its air
quality planning process
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2.  AIR QUALITY AND ENERGY ANALYSIS

2.1. The NE-MARKAL Model

The centerpiece of NESCAUM'’s integrated modeliragrfework is a Northeast
U.S.-specific version of the Market Allocation (MKRL) model.” NE-MARKAL is an
economy-wide model that encompasses the entirgendrastructure of the Northeast
states. It can model all energy demand and suphe transportation, commercial,
industrial, residential, and power generation gséto

As an engineering cost model, NE-MARKAL calculaéglgast-cost combination
of energy technologies available to meet energyashehin each sector. The model
contains highly-detailed depictions of energy tedbgies and their associated economic
factors, so each technology combination generatedsed on the relative costs of the
various energy technology options and constraintghe energy system. For example,
for the region’s power generation infrastructuhe inodel includes a detailed, bottom-up
characterization with unit-by-unit specificationmdwer plants down to 25 MWV.
Renewable generation capacity is specified withrattarization of new renewable
generation potential and resources provided bytise Department of Energy’s (DOE’S)
National Renewable Energy Laboratory (NREL). Tia@m$portation sector includes
detailed characterizations of light-duty and heeuyy vehicles® NE-MARKAL's
industrial sector is characterized for major regiaand GHG-intensive industries, and
the residential and commercial building sector ecevke majority of GHG emissions
resulting from buildings.

The NE-MARKAL model draws from several authoritatigata sources.
Foremost of these is the Energy Information Adntraitson’s (EIA) National Energy
Modeling System (NEMS), used to produce the Aniirargy Outlook (AEO).
Technology characterizations have been extracted the NEMS, along with data on
base year technology stocks, resource supply aptaord the sectoral growth rates used
in developing demand projections for each modebre(state). Other data sources
include: the State Energy Data System (SEDS), wpiokides final energy use for each
demand sector by fuel type; Gross State Produatfdain the Bureau of Economic
Analysis; EIA’s three sectoral energy consumptiorveys; and the EPA’s eGRID
emissions database. NESCAUM has and continugsdate and improve NE-

’ For information on the MARKAL model, see Loulou, R.,&ldstein, and K. Noble. The MARKAL
Family of Models, Energy Technology Systems Analyssyjframme (ETSAP), October 2004.
8NE-MARKAL currently includes the six New England statesyNYork, New Jersey, Pennsylvania,
Delaware, Maryland, and Washington, D.C.

® NE-MARKAL can accommodate power plants less than 25 M\Weifiéta are available.

19| ight-duty transportation technologies have been largddgn from a recent study of “off-the-shelf”
advanced technology vehicle options for the State of @aiddhat has been supplemented with NEMS
technologies. See: Reducing Greenhouse Gas Emissions frotrduily Motor Vehicles,

September 2004. Northeast States Center for a Clean Air FNE&OCAF), Boston, MA.

™ A more detailed description of the NE-MARKAL model andiiitsuts and assumptions is provided at:
http://www.nescaum.org/topics/ne-markal-model We foars lon providing an overview of the model,
its capabilities, and the types of data sources that werdaidesielop NE-MARKAL inputs.
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MARKAL'’s underlying databases with data provideddigite agencies and regional
experts.

As a linear programming model that optimizes outesinased on cost, NE-
MARKAL's strength is in exploring the relative cestfectiveness of meeting various
policy goals such as limits on G@missions or minimum performance requirements on
vehicles. NE-MARKAL, in contrast to REMI, is notggneral equilibrium model of the
economy that forecasts the price, output and wek#fiects—gains or losses of producer
and consumer surplus—associated with the introdnaf policy instruments. Itis,
however, one of the few models of its kind thatssders all energy-consuming sectors
and characterizes energy use, emissions of GHGsréada air pollutants, technology
deployment, and costs at a high level of detail.

2.2. Assumptions and Methodology

NESCAUM has developed a set of NE-MARKAL modelirgsarios to support
the State of Maryland’s multi-pollutant plannindaefs. Appendix A documents the
baseline assumptions of the model, including base gemand by sector and projections
extending to 2029. Technologies available to tloel@hare also detailed, providing
estimates of investment costs and efficienciesadulition, initial model constraints on
fuel share and technology penetration rates anag®d. In consultation with MDE,
NESCAUM reviewed the default input assumptionsMiaryland and made necessary
updates. Key updates included ensuring the NE-MARKst of power plants matched
data provided by MDE and representing the HealtimyAAt controls on coal power
plants.

2.2.1.Reference Case

The reference case provides the basis for compeofdifferent policy scenarios
within the modeling framework. The model deterrmsisector-by-sector fuel
consumption for each three-year model time petedjnning in 2002. In this work,
some policies already in place in Maryland werdtliio the reference case, including
the Maryland RPS and some mandated controls witigiqppower sector based on the
Healthy Air Act. These are detailed in Sectiorf @ppendix A.

After developing the reference scenario, NESCAUMtltkie policy scenarios for
analyses. This study focused on two specific pHicRGGI and the Clean Cars Act. An
additional characterization of each policy was stigated to demonstrate model
sensitivity to the policy assumptions. For the R@@alysis, a more aggressive power
sector cap was examined. For the Clean Cars &ciasio, life cycle emissions factors
were also provided as contrast to the origina} @€fault factors that presume carbon
neutrality of biomass.

2.2.2.The Healthy Air Act and the Regional Greenhouse Gahnitiative

The Healthy Air Act requires Maryland to participah the RGGI, the first
mandatory market-based €@missions cap-and-trade program in the U.S. The 1
participating states, including Maryland, have agreo cap C@emissions from the
power sector in 2008, requiring a gradual decrease time until a 10 percent reduction
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in CO;, to 2008 is achieved by 2018.RGGI is composed of Gudget trading
programs in each of the participating states thatiaked through C@allowance
reciprocity.

The RGGI cap was built into the NE-MARKAL databasea state-by-state
basis. In NE-MARKAL, power plants were allowedttade CQ allowances originating
from any of the 10 participating states to demaitstcompliance with the state program
governing the power sector. For purposes of modethe state programs essentially
function as a single regional compliance markepfmwer plant carbon emissions. After
performing the NE-MARKAL modeling based on the RG&stablished goal,
NESCAUM conducted an additional analysis, usingoaeraggressive, 30 percent
reduction in the RGGI cap relative to 2008 {€vels. The purpose of this run was to
examine the evolution of Maryland’'s power genegtimx under a more aggressive
medium-term goal.

2.2.3. The Clean Cars Act

As follow up to a 2004 technical study by the Ne#dht States for a Clean Air
Future (NESCCAF) on light-duty GHG emissions redut, NESCAUM quantified the
GHG emission reductions that would be achievetiénNortheast through adoption of
the California light-duty motor vehicle GHG standst® These standards mandate that
CO, emissions decline 16 percent relative to 2002l¢ele 2016. NESCAUM'’s analysis
estimated state-specific G@&missions from light-duty vehicles for 2009-2080 the
NESCAUM states. That work was used as a basisstimating Maryland’s GHG
reductions under Maryland’s Clean Cars Act. Thdyamemployed NE-MARKAL to
explore pathways that would allow Maryland’s lighity vehicle fleet to achieve these
reductions.

2.3. Results

2.3.1.Reference Case Results

Reference case results are presented in the folgptables and figures. As
previously described, the Maryland RPS is incluttetthe reference case. NESCAUM
made adjustments to the power sector to represeiriots mandated by the Maryland
Healthy Air Act. The 2002 and predicted 2029 restdr fuel consumption shares by
sector were tabulated with the corresponding tivwution plotted. The average annual
growth of each fuel type within each sector is jled. Further details on the underlying
assumptions presented for the reference case aitalde in Appendix A.

12 Seehttp://rggi.org/home

13"Northeast State GHG Emission Reduction Potential fronpfido of the California Motor Vehicle
GHG Standards Summary of NESCAUM Analysis,".NESCAUM 200ilable at:
http://www.nescaum.org/documents/summary-of-nescaum-caeghgstion-analysis.pdf/.
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Table 2-1 — End Use Demand Fuel Consumption Sharbyg Sector

2002 Predicted 2029 Average Annual
Growth
Commercial 15% 12% 1.9%
Industrial 21% 15% 0.4%
Residential 20% 16% 1.4%
Transportation 44% 35% 0.8%

Figure 2-1 — Predicted Commercial Sector Energy Caumption
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Table 2-2 — Commercial Sector Fuel Consumption Shas

2002 Predicted 2029 Average Annual
Growth
Wood 2% 0% -12.9%
Coal 0% 0% -0.1%
Diesel 9% 6% 0.1%
Electricity 47% 54% 2.4%
Gasoline 0% 0% 0.6%
Kerosene 1% 3% 7.7%
LPG 1% 0% 0.5%
Natural Gas 41% 37% 1.5%

Residual Fuel 0% 0% 1.4%
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Figure 2-2 — Predicted Industrial Sector Energy Coaumption
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Table 2-3 — Industrial Sector Fuel Consumption Shaes
Average Annual
2002 Predicted 2029 Growth
Asphalt 14% 15% 0.7%
Pulping Liquor 2% 2% 0.7%
Wood 1% 1% -1.1%
Coal 16% 12% -0.7%
Coke 0% 1% 11.5%
Diesel 5% 3% -0.7%
Electricity 33% 35% 0.6%
Gasoline 2% 2% 0.7%
Hydro 0% 0% ~~
MSW 0% 1% 16.7%
Natural Gas 13% 17% 1.5%
Other Petroleum 8% 5% -1.0%
Petro-Chemicals 5% 4% 0.0%

Residual Fuel 1% 1% -1.1%
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Figure 2-3 — Predicted Residential Sector Energy Gsumption
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Table 2-4 — Residential Sector Fuel Consumption Shes
Average Annual

2002 Predicted 2029 Growth
Wood 3% 2% 0.5%
Coal 0% 0% 0.6%
Diesel 12% 8% -0.1%
Electricity 42% 47% 1.9%
Kerosene 1% 1% 1.5%
LPG 3% 3% 1.2%
Natural Gas 39% 38% 1.3%

In the reference case, the model predicts growd#margy consumption for all
sectors. Minor changes in the fuel shares are shiowhe commercial, industrial, and
residential sectors. The transportation sectoviges the only substantial changes, with
predicted increased use of compressed naturalGG) and diesel fuel replacing the
dominant gasoline contribution of the 2002 base.yéas shown in Figure 2-5, use of
conventiondf* gas internal combustion engines (ICE) is predittedrop to zero
between 2005 and 2020. Other technologies aregbeeldo gain in share over the same
timeframe, with diesel (including both light- andavy-duty classes) use representing the
largest share of vehicle miles traveled (VMT) ir2Q0

14 Note the results reported in Figure 2-5 refer to vehicldehgears up to 2005 as “conventional” ICE
and those later than 2005 as “advanced” ICE.
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Figure 2-4 — Predicted Transportation Sector EnergyConsumption
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Table 2-5 — Transportation Sector Fuel Consumptiorshares
Average Annual
2002 Predicted 2029 Growth
Aviation Gas 0% 0% 1.2%
Biodiesel 0% 0% 0.1%
CNG 0% 13% 18.7%
Diesel 16% 59% 6.0%
Electricity 0% 0% 2.1%
Ethanol 0% 0% ~~
Gasoline 81% 22% -3.8%
Hydrogen 0% 1% 31.2%
Jet Fuel 2% 3% 1.7%
Liquefied Petroleum 0% 0% ~~
Lubricants 0% 0% 1.2%

Residual Fuel 1% 1% 1.2%
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tBTU

Figure 2-5 - Predicted Transportation Sector Technlmgy Deployment
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Figure 2-6 - Predicted Electricity Generation
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Figure 2-7 - Predicted Renewable Electricity Genertt#on
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To satisfy growing demand for energy, the refererase predicts increased power
generation from gas, oil, and renewable energyitiasi (Figure 2-6). Coal-fired and
nuclear generation are predicted to remain staibteighout the modeling period.
Renewable energy sources are predicted to be dtedibg biomass and wind
production, as illustrated in Figure 2-7. The jpectatl rapid deployment of wind is due in
to the economic competitiveness it garners relatovether renewable sources.

Table 2-6 summarizes the economic input assumphNE®ARKAL considers
when comparing the cost effectiveness of varioesgntechnologie§’ As shown in the
table, wind technologies in NE-MARKAL are classtfiby three characteristics: wind
class, on/off shore and distance from transmisen@s. For on-shore wind turbines,
distance 1 indicates less than 20 miles from a 6@k voltage transmission line, and
distance 2 corresponds to wind potential locatecertttan 20 miles away from high
voltage lines. Off-shore distance classificatise the same distances, except measured
as nautical miles. Classes 4 through 5 indicatelwpeeds roughly between 14.5 and
16.5 mi/hr and Classes 6 through 7 represent spedeen 16.5 and 24.5 mi/hr. If
there is a direct upper bound on the technologysket penetration, it is listed in the far
right two columns. Instead of limiting the biomasshnologies directly, NE-MARKAL
uses a biomass resource supply curve to limit gmeation of technologies that use
biomass. The supply curves for biomass are docteden Appendix A. In cases where
there is a direct upper bound on the technologysket penetration, it is listed in the far
right two columns.

5 Investment cost and fixed O&M are in terms of $2002/k\Wiakde O&M is in terms of $2002/tBTU.
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Table 2-6 — Renewable Generation Cost / ResourcesAsnptions
Investment Cost Normalized Cost Bound (MW)
Fixed | Variable | 2002 2011 2029 2002 2029
2002 2011 2029 O&M O&M
Sid I.3.|om.ass 1,838 1,838 1,080 69 3.9 3.9 3.9 3.9
Gasification
Sid Blomgss Direct 1,745 1,745 975 55 2.9 3.0 3.0 2.9
Combustion
Biogas from Waste 1,846 | 1,846 | 1,360 37 29 3.0 3.0 3.0
Crop Gasification 1,943 | 1,943 | 1,943 69 3.9 3.9 3.9 3.9
Crop Dlre_ct 1,652 | 1,652 | 1,652 55 29 3.0 3.0 3.0
Combustion
MSW Dlrgct 3401 | 3,401 | 3,401 46 49 49 4.9 49
Combustion
Landfill w/ Collection 1,420 | 1,420 | 1,420 24 0 0.0 0.0 0.0 48 77
Landflll_ w/o 2056 | 2,056 | 2,056 34 0 0.1 0.1 0.1 0 8
Collection
Centralized Solar 5,803 | 4,552 | 3,292 17 0 3.0 2.4 1.7
Commercial Solar 6,197 | 4,513 | 3,353 20 0 3.6 2.7 2.0
Residential Solar 7,291 | 5784 | 4,171 25 0 4.3 3.4 25
\g!:tcli Class 4-5 1270 | 1,092 633 7 1 15 1.4 1.3 73 607
() i -
S Wlnd Class 4-5 1,533 1,356 897 7 2 2.2 2.1 2.0 0 39
ﬁ Dist2
- Wlnd Class 6-7 1270 | 1,002 633 7 1 1.7 1.6 1.5 5 5
O | Distl
Wlnd Class 6-7 1,533 1,356 897 7 1 1.7 1.7 1.5 - -
Dist2
\l:/)\fgtclj Class 4-5 2008 | 2,008 | 1,583 7 2 2.3 2.3 2.2 1,137 | 1,266
] i -
= W_|nd Class 4-5 2272 | 2272 | 1,846 7 2 2.4 2.3 2.2 30 189
ﬁ Dist2
< Wlnd Class 6-7 2,008 2,008 1,583 7 1 1.8 1.8 1.7 140 240
O | Distl
\g's”tg Class 6-7 | 5572 | 2,272 | 1,846 ! 1 1.9 1.9 L7 203 | 9,314

In Table 2-6, the normalized cost summarizes tlom@nic and engineering data
considered when NE-MARKAL evaluates competing tetbgy options, such as the
efficiency, availability factor, cost data, and thiscount rate. A lower normalized cost

indicates that NE-MARKAL will favor a given techragy when performing a model

run. Over the short- and medium-term, wind tecbgigs have significantly lower

normalized costs than the solar and biomass techmes owing to economic

assumptions and primarily to the high fixed costdolar generation compared to wind.
Electricity generation from landfill gas is mairignited on the fixed upper bound

assumed for this technology.

2.3.2.The Regional Greenhouse Gas Initiative Scenario

The NE-MARKAL model predicts that the RGGI cap e power sector will be
met primarily by substituting coal-fired electricijeneration with gas generating units.
By 2029, gas-fired generation is predicted to antéar 55 percent of the state’s electric
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power generation, up from 23 percent in the refegarase. Based on the 2002 share of
five percent, this represents an average annuaitign@ate of 14 percent. Meeting the
RGGI cap would also require a substantive shiftyafram coal-fired electricity
generation, which was predicted to account for @@ent of the power sector’s
electricity sales by 2029, compared to a 43 persieate in the reference case. The
model indicates that the shift away from coal waiakke place at an average annual rate
of 2.6 percent. Aside from the noticeable switalayafrom coal in favor of gas-fired
generation, there were no other significant chahgdise State’s grid mix required to
meet the RGGI cap. Figure 2-8 and Table 2-7 summnéne predicted evolution of the
grid under RGGI.

Figure 2-8 — Predicted Power Sector Electricity Gesration
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The predictions for renewable generation projestsain identical to the
reference case, accounting for seven percent dt#te’s electricity by 2029. This
predicts that RGGI, as currently designed, wouilddeencourage new renewable energy
development. It also predicts that the State’s RB&d play the key role in fostering
development of renewable energy. This finding gtad the subsequent analysis of a
more aggressive carbon cap to further examineypoiteractions between Maryland’s
RPS and the RGGI cap. It is important to note, tvlatle nuclear generation as a share
of the total is predicted to decline in absoluten® the level of generation is predicted to
remain constant as nuclear plants serve basefoad.

16 Note that information regarding expanded generation atahe@ Cliffs Nuclear facility was not
available at the time of this modeling exercise and was ohided as part of the reference case
assumption.
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Table 2-7 — Power Sector Electricity Generation Shas

Fuel 2002 Predicted 2029
© Coal 63% 43%
2 Gas 5% 23%
o Hydro 1% 2%
9 Nuclear 27% 15%
& Qil 2% 10%
Renewable 2% 7%
Coal 63% 20%
— Gas 5% 55%
o Hydro 1% 2%
gg Nuclear 27% 15%
Qil 2% 0%
Renewable 2% 7%

Figure 2-9 — Predicted Power Sector Electricity Gesration under a More

Aggressive Cap (30% below 2008 by 2029)
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Table 2-8 - Electricity Generation Shares under a Mre Aggressive Cap (30% below

Aggressive
CO, Cap

2008 by 2029)

Fuel 2002
Coal 63%
Gas 5%
Hydro 1%
Nuclear 27%
Oil 2%

Renewable 2%

Predicted 2029
11%
32%
3%
19%
21%
16%
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Figure 2-9 and Table 2-8 summarize the grid mix dke modeling timeframe
under a more aggressive cap in the RGGI regio) gfedcent GHG reductions by 2030
relative to 2008 levels. The model responded i®hiapothetical GHG cap scenario by
implementing renewable electricity to a much largetent, accounting for more than
twice the share of generation in 2029, comparededrRGGI scenario. With an average
annual rate of growth of 10 percent, renewablegutsjwere predicted to be the second
fastest growing source of electricity in Marylanader this more aggressive cap. The
declining share of coal to 11 percent of the Ssageneration by 2029 represents an
average annual decay rate of 7.5 percent. Thooglhgeneration is predicted to be
declining, generating capacity is not being takéfime. Under this scenario, growth in
gas-fired generation is moderated in comparisaheédRGGI cap, growing at an average
annual rate of 13 percent to account for 32 pergottite electricity generated in-state. It
is important to note that the actual generatioelle¥ nuclear plants remains the same,
but with modest increases in electricity sales pieentage of electricity being
generated from nuclear declines. Also note irnctee of the more aggressive GHG cap,
electricity generation in the power sector declisemewhat relative to RGGI.

Figure 2-10 — Renewable Electricity Generation Angisis under a More Aggressive

GHG Cap
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Figure 2-10 presents the various types of renewgdreration predicted to be
deployed in Maryland when faced with the more aggike GHG cap on the power
sector. Total new renewable capacity by 2029eslipted to be 3 GW, with wind
accounting for 2.5 GW. In-state wind capacity wesdicted to grow at an average
annual rate of 16 percent, which is faster in petage terms than any other source of
electricity generation. The rapid deployment ofavis likely due in large part to the
economic competitiveness it garners relative teotbnewable sources.
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Table 2-9 — Predicted Changes in Electricity SaleRelative to Reference Case (2002-

2029)
Change in Electricity Sales (tBTU) | Change as a % of Reference Case
RGGI RGGI+ RGGI RGGI+
Commercial -2 -1 -0.2% -0.1%
Industry 1 -317 0% -52%
Residential -28 -21 -2% -2%
Transportation -5 -5 -17% -17%

Table 2-9 summarizes the predicted sale of elégttic the end-use demand
sectors. “Change in Electricity Sales” represéotl electricity over the model
timeframe of 2002 to 2009. “Change as a % of ezfee case” represents the absolute
value of the total change divided by a given sést@ference case electricity
consumption. In both capped scenarios, electrityes are predicted to increase over
time as the power sector invests in more expensivewable and advanced conventional
technologies. There is a small difference in eieity purchased in the commercial,
residential and transportation sectors betweethesectors. Significant changes,
however, occur in the industry sector under theenaggressive cap. As the stringency
of the carbon cap is increased, the model prethetsthe industrial sector would deploy
gas-fired combined heat and power to defray thbdrigost of electricity from the grid.

2.3.3.The Maryland Clean Cars Act Scenario

Figure 2-11 depicts Maryland’s reference case Laihy Vehicle (LDV) GHG
emissions and the GHG emission level pursuantdaabently adopted Clean Cars Act.
The Clean Cars Act leads to a net reduction (timegrated) in GHG emissions over the
modeling timeframe of 13 percent, which correspdonds 15 percent reduction relative
to 2008 levels by 2029.

The model predicts that the GHG reduction targegsiired by the Maryland
Clean Cars Act are met by increasing the Statéi@nee on ethanol for transportation
fuel, an increase representing eight percent ofdtat reference case energy
consumption (see Table 2-10). In addition, the Gid@uctions rely on smaller increases
in the shares of electric and hydrogen vehiclesw Rydrogen investments, however, are
not predicted to be made until 2017. Total diesel gasoline consumption is predicted
to decline by nearly 10 percent relative to therall@eference case fuel consumption.



Integrating Climate and Air Quality Planning in Maryland Page 2-15

Figure 2-11 — Reference Case and Predicted Marylardlean Cars Act CO,
Emissions
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Aviation Gasoline 0 0%
Biodiesel 0 0%
Compressed Natural Gas 0 0%
Diesel -218 4%
Electricity 35 1%
Ethanol 403 8%
Gasoline -240 5%
Hydrogen 17 0%
Jet Fuel 0 0%
Lubricants 0 0%
Residual Fuel Oil 0 0%

Figure 2-12 presents the predicted differencesdhriology choice relative to the
reference case. Flex fuel ethanol (E85) vehidiesvsthe most significant change in
light-duty vehicle miles traveled. Vehicle mileaveled (VMT) by flex-fuel cars using
ethanol are predicted to increase by 76.6 billmmoughly 12 percent of the total miles
traveled, in the reference case. Later in the heodmeframe the market share for fuel
cells increases by a modest amount, but this repte¢ess than one percent of total
VMT than in the reference case. The most sigmifickeclines in VMT are predicted to
occur, as expected, in diesel and gasoline vehicles
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Figure 2-12 —Predicted Transportation Technology Dgloyment Change Relative to
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It is important to note that the analysis abovesesaission factors that assume all
biomass is carbon neutral. Given the widespreadmzminty of this assumption, and
interest in the structure and implementation aiva tarbon fuel standard, NESCAUM
has conducted an analysis using life cycle emidsiotors for transportation fuels
consumed in Maryland to assess how the light-datyale fleet could meet the Clean
Cars Act targets. Table 2-11 presents the origindllife cycle factors employed in the
modeling. The life cycle emission factors werecakdted by NESCAUM using the
GREET lifecycle emission calculatdr. Life cycle emission factors account for the CO2e
emissions produced throughout a fuel’s various pctdn stages as well as end-use
consumption. For example, one possible life cgaession factor for ethanol would
account for emissions produced while cultivatingducing, and transporting the
feedstock, processing the fuel at the plant, distimng the fuel by truck to refueling
facilities and stations, distributing the fuel fmnsumers, and combusting the ethanol for
end use.

Table 2-12 summarizes the predicted energy consamgends as the light-duty
vehicle fleet evolves to meet the Clean Cars Amts@ering the life cycle emissions of
each fuel. In this case, there are more dramhifts away from the carbon intensive
fuels, i.e., diesel, compressed natural gas, asdliga. The switch to cleaner fuels is
not, as in the previous case, centered on onddtlenol). Plug-in hybrids and, to a
lesser extent, ethanol flex-fuel cars rise in int@oce when accounting for life cycle

" Details available at: http://www.transportation.anl.gavdeling_simulation/GREET/index.html
accessed February 2, 2009.
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emissions. The increase in hydrogen transportétielnalso accelerates relative to the
non-life cycle emission factor case.

Table 2-11 — Standard and Life Cycle TransportatiorEmission Factors
(Thousand Tons/ tBTU)

Original CO,

Life Cycle Factor % Increase
Factor
CNG 53.1 77.4 46%
Diesel 73.2 98.1 34%
Ethanol 10.5 76.5 627%
Gasoline 70.9 97.8 38%
LPG 62.3 82.3 32%
Diesel (20% Biodiesel) 59.7 85.9 44%
Biodiesel 27.5 36.9 34%

Table 2-12 — Predicted Transportation Energy Consumption Trends 2002-2029
(With Life Cycle Emission Factors)
Change as a % of Total

Reference Case
Consumption

Change Relative to

Reference 2002-2029 (tBTU)

Aviation Gasoline 0 0.0%
Biodiesel 0 0.0%
Compressed Natural Gas -377 0.7%
Diesel -86 0.2%
Electricity 180 0.3%
Ethanol 135 0.3%
Gasoline -551 1.1%
Hydrogen 46 0.1%
Jet Fuel 0 0.0%
Lubricants 0 0.0%

Residual Fuel Qil 0 0.0%
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3. HEALTH BENEFITS ANALYSIS

3.1. The COBRA model

To assess health benefits impacts for the Phaserl, NESCAUM used the Co-
Benefits Risk Assessment Model (COBRA)COBRA, a screening tool, provides
general predictions of monetized health impacteberesulting from specified
emissions reductions measures. It uses sourcptoedeansfer coefficients to estimate
PM, s concentration differences between a referencead@ control scenario. Based
on specified emissions reductions, the model estisnehanges in primary and secondary
PM concentrations, translates those changes imtithhiegenefits impacts, and then
monetizes those impacts. COBRA is based on a sietpair quality model and relies
on U.S. EPA’s best estimates for health impact gos and valuations. It provides
mean estimates of health impacts, rather thdhp@bcentile estimates that risk
assessments routinely provide. Because COBRAigeld to analyzing PM
concentrations, it does not consider health impthetsmay result from changes in other
atmospheric trace gases or air toxics. As a strgéool, results from COBRA should
be viewed only as a rough approximation of benefiising from emissions control
policies.

3.2. Assumptions and Methodology

COBRA has two built-in inventories of 2010 and 20Fwr this project,
NESCAUM selected a baseline inventory year of 20@& used emissions reductions
outputs forecast for Maryland using the NE-MARKAlIlodel from the Clean Cars Act
scenario accounting for life cycle emissions ardRIGGI scenario. Because the
reference inventories are different between NE-MARKand COBRA, percent changes
in emissions from NE-MARKAL output were used foet@OBRA analyses. We looked
at changes in emissions between the 2011 NE-MARK&&érence case and the 2029
model scenario endpoint.

Percent changes in emissions for three pollutdi®x( SGQ and VOC) were
calculated for the reference case and the twoyetienarios. For the Clean Cars Act
scenario, we focused on emissions changes ingheduty transportation sector.
Emissions for four different classifications witthme sector were used as input to
COBRA: diesel car, diesel truck, gasoline car, gasbline truck. For the RGGI
scenario, we focused on emissions changes in termector. Based on these
emissions changes, COBRA predicted potentia} B®ductions and their associated
health outcomes on a county-specific basis.

The modeled changes in PM were assessed for camsystvith actual ambient
measurements. Based on measurements, annual @aenagonium nitrate levels in
urban areas in Maryland are aboytgZm®. When Maryland’s NOx emissions were
zeroed out in COBRA, PM2.5 was predicted to dedtipeoughly 4ug/m®. This implies
that COBRA may overestimate the benefits of NOxuotidns by as much as a factor of
two, but still provide reasonable screening cajsbil

18 Abt Associates. 2006. Co-Benefits Risk Assessment (C)ERreening Model. COBRA Version 2.1.
For information contact: mulholland.denise@epa.gov
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3.3. Results

3.3.1.Clean Cars Act

Emission in the transportation sector for the ifiee case and the Clean Cars
Act life cycle CQ scenario were tracked in NE-MARKAL. Percent chesijn modeled
emissions from 2011 (nominally consistent with 2060 COBRA reference inventory)
to 2029 were calculated. These results were thaut into COBRA to determine the
associated PM reductions and associated healtlitsene

For the 2010 base year inventory, the light-dutst@eaccounted for less than one
percent of S@and VOC emissions in Maryland, but more than atguaf the NOx
emissions. Accordingly, our analysis focuses onxM@d nitrates. In 2011, NOx
emissions from the light-duty gasoline sector atelmmore important than the light-
duty diesel sector. By 2029, the relative impactaof diesel versus gasoline increases,
as diesel-derived NOx emissions are predicteddease (45 and 75 percent for policy
and reference, respectively) while gasolines8Gurces are predicted to decline
markedly (50 and 33 percent for policy and refeegmespectively). The overall
reduction in NQ by 2029 is 45 percent in the Clean Cars scenahah is nearly twice
the 27 percent reduction modeled in the referease.c

COBRA predicted PMschanges in all Maryland counties (Table 3-1). ha t
reference case, the benefit from emissions rechgiiothe transportation sector
averaged 0.pg/m’, ranging as high as Opgy/m®in the most urbanized county. Under
the Clean Cars Act scenario, average reductions &&ug/n?, ranging as high as
0.8pg/m’. The health benefits associated with these piediieM sreductions are $0.6
billion for the reference case and $0.7 billionttee Clean Cars Act. The bulk of these
benefits are derived from avoided deaths, whiclevestimated at 95 and 109 people.

Table 3-1 — Predicted PM sReductions from Emission Changes in COBRAWg/mM’)

Reference Clean Cars Reference RGGI
Average 0.2 0.3 <0.1 0.1
Median 0.2 0.2 <0.1 0.1
Range 0.0-0.7 0.0-0.8 0.0-0.1

3.3.2.RGGI

An approach similar to what was employed for thea@lCars Act was used to
evaluate the potential emissions reduction andczateal health benefits of RGGI relative
to the reference case. While the Clean Cars Amtarto analyses focuses on light-duty
transportation, the RGGI analysis tracks changdisampower sector. Based on the 2010
inventory in COBRA, power sector emissions of b8@ and NOx are substantial in
Maryland. Emissions changes for these two pollstarere substantially less in the
reference case than in the policy case. In trexeate case, NOx emissions were
predicted to increase two percent, with,&missions decreasing 20 percent. With RGGI
in place, modeled reductions were 50 percent aruev@nt for NOx and SO
respectively.
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These emissions changes were input into COBRA, wpiiedicted very small
reductions in PMls for the reference case and small changes und&®@e& scenario of
0.1pg/m’. The corresponding health benefits were valu&dtanillion and predicted
five avoided deaths for the reference case. BensBre somewhat greater based on
RGGI results, with benefits valued at $123 milleomd 19 avoided deaths predicted.
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4. CONCLUSIONS AND NEXT STEPS

4.1. Conclusions

It is important to place this modeling exercis@inbntext. The intent of
NESCAUM'’s Multi-pollutant Policy Analysis Framewodpproach is to conduct
iterative policy scenarios in order for decisionkes to understand potential interactions
of various policy choices, given current and pregticcharacteristics of energy generation
and use within a state. Specifically, the NE-MARK/odel calculates least-cost
combinations of energy technologies available tetne@ergy demand in each sector.
The analytical findings should not be construetddaonclusive, but rather instructive in
understanding the dynamics that are predicted watt@us scenarios. In this manner,
the analyses can inform decision-makers as thegseha mix of policies that best suit
their needs and goals.

In this Phase | effort, NESCAUM worked with MDE #tto iteratively tailor and
update NE-MARKAL's representation of Maryland’'s pemsector. The two focus areas
of the collaboration were: (1) ensuring that theveoplants represented in NE-

MARKAL were, in fact, operating and (2) charactergthe controls mandated by the
Healthy Air Act. After this work was complete, theference case was updated to reflect
the appropriate changes in the power sector anglldfai’'s RPS. In potential future

work, discussed below, we propose to further reffireepower sector data for Maryland
by cross-checking NE-MARKAL data with U.S. EPA’se@h Air Markets Division
database of generating units and continuing to watlk MDE staff to verify permitting
specifics, fleet characterizations, and other stpexific data.

The reference case is based on the assumptionsdated in Appendix A,
which was prepared by NESCAUM at the beginnindhefpproject and approved by
MDE staff. In Maryland, the transportation seatpresents the largest share of energy
consumption, followed by the industrial and restddrsectors and, finally, the
commercial sector. The commercial sector energgwmption, however, is predicted to
grow faster than any other sector, at an averageahmate of roughly 1.9 percent. In
2002, gasoline and coal at 29 and 26 percent, cagply, represented just over half of
the primary inputs to Maryland’s energy systemhedtsignificant primary inputs in
2002 were natural gas, at 15 percent, and diesehaclear, both at 10 percent of the
state’s primary energy input. Each of the otherses tracked in NE-MARKAL
represented less than two percent of primary enssggumption. By 2029, gasoline and
coal are predicted to represent only 25 percetiieenergy consumption. A major shift
towards new light-duty diesel vehicles was predidtedrive the share of diesel fuel
consumption up to 27 percent by 2029, while gas@dishare was predicted to decrease
to only eight percent. As gas-fired generatiodgployed to a greater extent over time in
the reference case, the share of natural gas ceusimstate is predicted to increase to
22 percent by the end of the model timeframe (2029}he reference case, renewable
generation is predicted to increase from just u2@& MW in 2002 to just over 1,200
MW by 2029. Among Maryland’s renewable resoure@gad and biomass represent the
largest potential, and by 2029 is predicted to antéor over 92 percent of renewable
generation, at 60 and 32 percent, respectivelyingasignificant barriers to adoption.
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The NE-MARKAL modeling predicts that the RGGI capthe power sector (i.e.,
10 percent reductions in GHG by 2029 from the 2888eline) would be met primarily
by substituting coal-fired electricity generatioittwgas generating units, with gas-fired
generation accounting for 55 percent of the stakgstric power generation in 2029.
The model also predicts a substantive shift awamyfcoal-fired electricity generation, at
an average annual rate of 2.6 percent. Givenathardble economics of building gas-
fired power generation, the model predicted limigedky, relative to the reference case,
of renewable power generation to the market undsrscenario. Maryland’'s RPS,
which was included in the reference case, is thragyy driver fostering the development
in renewable energy projects. An additional analyss therefore undertaken to assess
whether a more aggressive cap would foster thedattion of renewable power
generation. Under a more aggressive cap in thelR&fBon, i.e., a 30 percent reduction
in GHG by 2029 relative to 2008 levels, the modebicted that increases in renewable
electricity would be required, accounting for mtran twice the share of generation in
2029, as compared to the RGGI scenario. With anage annual rate of growth of 10
percent, renewable projects were predicted to dselcond fastest growing source of
electricity in Maryland under this more aggressiag.

The Clean Cars Act modeling exercise indicated foapurposes of analyzing
vehicle programs, it is critical to account foelifycle emissions of transportation fuels.
The initial analysis of the Clean Cars Act predidieat GHG reductions may be
achieved by significantly relying on an increaskdrs of corn-based ethanol
consumption in Maryland’s light-duty vehicle fleethis result, however, presumes that
biomass is carbon neutral. Due to the widely racagl uncertainty of this assumption, a
second model run was performed, using emissionifaa the transportation sector
accounting for life cycle emissions associated wabh major fuel source. Under this
scenario, the model predicted use of a broadeitkean transportation technologies
that includes hybrids, flex fuel cars and fuel £eib accomplish the Clean Cars Act goals

The analyses of RGGI and the Clean Cars Act frorMMERKAL compare quite
favorably to those presented in Maryland’s Climatgion Plan. The Climate Action
Plan’s Executive Summary provides estimates of f2@uctions from RGGI and the
Clean Cars Act of approximately 8.7 and 6 millioatrit tons by 2020. From the NE-
MARKAL work, the estimated C@reductions in 2020 relative to the reference ¢asse
RGGI were 10.4 million metric tons. In the lighttgl vehicle sector, reductions in 2020
were modeled to be 4.5 million metric tons of LOhe relative agreement between
these two independent analyses provides some enidn the result.

4.2. Next Steps

Historically, air quality concerns have been adskedsy states on a pollutant-by-
pollutant basis. Each criteria pollutant and exi¢ has required its own planning effort,
as have efforts to address acid deposition andmaghaze. Climate change is now
taking center stage as the primary air pollutioalleimge of the century. A
comprehensive multi-pollutant approach that integgair quality goals with regional
energy models could help to satisfy these mul@pieronmental requirements with
limited available resources. To this end, NESCAHIM MDE collaborated to
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demonstrate use of two of the analytical tools tasbprise NESCAUM’s Multi-
pollutant Policy Analysis Framework (MPAF).

We propose a second phase of the analysis presaerttad report, in which
NESCAUM adapts the full MPAF for use in Marylandlhe tailored framework will
enable policy analysts in Maryland, including th®E| the Commission on Climate
Change, the Maryland Energy Administration, ancegtio have access to or perform
multi-pollutant assessments of various potentiaki strategies to simultaneously
address multiple climate, energy, and air qualdglg. In this expanded exercise, we
would employ several tools and databases, includiitgMARKAL; Regional
Economic Model, Inc (REMI); Sparse Matrix Operat@rnel Emissions (SMOKE)
Modeling System; Community Multi-scale Air Qualf@MAQ) model; and the
Environmental Benefits Mapping and Analysis (BenN)ARogram. Phase Il of this
project could include the following tasks:

» ldentify emission reduction targets based on exgsiilaryland-specific and
regional air quality goals for ozone, PMacid deposition, and climate change;

 Employ NE-MARKAL to assess a suite of strategied goals identified in
Maryland’s Climate Action and State Implementatitians;

* Quantify the associated environmental, public tealbhd regional economic
benefits associated with the identified strateca@sl, monetize a subset of these
strategies;

» Use the project’s findings to enhance model remtagi®ns, promote use of
integrated modeling frameworks, and promote intisgkapproaches to air
quality planning in Maryland, the eight-state NES@M region, and other states
outside the region.

4.2.1.Potential Phase Il Strategies from Maryland’s Climde Action
Plan

As part of the suggested Phase Il work outlinedrapawe recommend that
mitigation strategies identified in Maryland’s Chite Action Plan be reviewed and
assessed as possible policies for scenario anatyNiE-MARKAL. Table 4-1 lists an
initial set of strategies we propose to examinBhase Il. The strategies chosen
represent those most suitable for analysis withénNE-MARKAL modeling framework.

In Phase I, the impact of each mitigation strategg assessed independently.
This type of scenario analysis serves to idenkig/rhagnitude of climate, air quality and
energy impacts relative to the other strategieguegamination. In Phase Il, we
propose to examine each scenario independentlyhamdperform an analysis where
multiple strategies are layered together. Thig@ggh can identify interactions between
the strategies that may lead to climate, air qualitd energy outcomes that differ from
an analysis examining only one strategy at a tifia. example, when RGGI is
considered in isolation, the primary change withi&a power sector is a move away from
coal towards gas-fired generation, a result preseaarlier in this report. A model run
that considers RGGI in light of other strategieshsas more aggressive renewable
portfolio standards and demand-side managementyrabiydifferent results. This is an
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example of how the NESCAUM MPAF may be used to ldglpision-makers identify
program synergies, and how we propose to furtheméaxe climate, air quality and
energy impacts with MDE in a Phase Il effort.

Table 4-1 — Suggested Phase Il Mitigation Strategse

gc?dpe Program Description
CC-2 Statewide GHG Reduction Goals and Targets
CC-3 GHG Reduction Goals & Targets
CC-10 After Peak Oll
RCI-2 Demand-side Management & Energy Efficiency
RCI-3 Low Cost Loans for Energy Efficiency
RCI-7 More Stringent Appliance / Equipment Efficiency Standards
RCI-10 Energy Efficiency Resource Standard
RCI-11 Promotion & Incentives for Energy Efficient Lighting
ES-1 Promotion of Renewable Energy
ES-3 Cap and Trade
ES-5 Clean Distributed Generation
ES-7 Renewable Portfolio Standard
ES-8 Efficiency Improvements & Re-powering Existing Plants
ES-10 Generation Performance Standards
AFW-6 In-State Liquid Biodiesel Production
TLU-10 Transportation Technologies

4.2.2.Calibrating the Model and Expanding Use of the MPAF

In addition to expanding to multi-strategy analyaed interactions, Phase Il work
could also focus on model calibration for critge@lutant emissions. This effort would
require two primary elements. First, emissiondegfor represented technologies would
need to be included if they are presently lackimthe model. Second, technologies and
processes in NE-MARKAL would be mapped to souressfication codes (SCC). This
type of mapping will allow NESCAUM to calibrate Mdand’s base-year emissions
within NE-MARKAL to the 2002 Mid-Atlantic/Northeadtisibility Union (MANE-VU)
criteria pollutant modeling inventory. A fully ¢afated model would allow the use of air
guality modeling and subsequent health benefitt/aisa

After individual and collective strategy analysesé@ been conducted, the
resultant criteria pollutant emissions could therubed as inputs for air quality
modeling. This modeling would provide policy makevith an estimate of the potential
air quality benefits that might be realized by iempknting different strategy
combinations. The approach would be tailored $pady to Maryland, with air quality
results directly tied to emissions changes modeléddE-MARKAL. Unlike the Phase |
effort, which relied on relative emissions chanfyjesn MARKAL applied to U.S. EPA
inventories in COBRA, Phase Il could rely on bas2MANE-VU modeling inventories,
emissions processed based explicitly on the NE-MARKesults, and gridded chemical
transport model output at a 12 km resolution (nathan county-level estimates from
dispersion modeling source-receptor relationshif$)e model results would then feed
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into BenMAP, which would expand the health beneditalysis from Plys alone to
include ozone.

4.2.3.Capacity Building

A final component of Phase Il work would focus @pacity building within
MDE. This would begin by communicating with relaevataff as to the interrelationships
among sources, sectors, and emissions, and thglautbplications of air quality
policies within the context of meeting air, energgd climate goals. In addition, staff
would learn about the tools and models that aregiahe MPAF with the goal of
expanding their ability to conduct policy analyffe®ugh implementation of the
framework. NESCAUM and MDE would assess what tygfasaining may be needed to
employ the MPAF in future planning efforts.
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Appendix A: NE-MARKAL Input Assumptions
for Maryland
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Appendix A: NE-MARKAL Input Assumptions for Maryland

This Appendix documents the baseline assumptiotiseoNortheast Market
Allocation Model (NE-MARKAL). Itincludes inform&n on base year demand by

sector, and projections extending to 2029. Teajgiet available to the model are also

detailed, as are their respective estimates osinvent costs and efficiencies. Initial
model constraints on fuel share and technologytpatinen rates are also provided.

A.1l. Building Sector Input Assumptions

A.1.1. Commercial / Residential Demand Projections

In the NE-MARKAL modeling framework, the energy tiaétructure is

configured to meet the estimated demand for enesgyg the most cost-effective
technologies and fuel sources. The initial base {2002) demands, presented below for
the commercial and residential sector, are estinai¢side of the NE-MARKAL
framework and represent a significant model inpthe commercial sector Other/Non-
Building is primarily composed of municipal scaleeegy consumption such as street
lighting, municipal waste and water systems, andsiteansit systems.

tBTU

Figure A.1: Commercial Sector Energy Demand
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Table A.1: Commercial Sector Demand Growth
Average Annual Growth @
2002-2029 % 2002 Demand
Office Equipment 14.2% 4.4%
Other/Non-Building 7.3% 38.0%
Cooking 6.4% 3.6%
Lighting 6.3% 15.8%
Refrigeration 6.0% 2.0%
Water Heating 5.2% 8.4%
Ventilation 5.0% 0.6%
Heating 4.8% 12.2%
Cooling 4.6% 15.0%
Distributed Generation 1.0% 0.2%
Figure A.2: Residential Sector Energy Demand
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Table A.2: Residential Sector Demand Growth

Average Annual Growth % 2002 Demand

2002-2029
Television 12.0% 0.9%
Lighting 8.5% 5.4%
Personal Computers 7.4% 0.5%
Clothes Dryers 7.3% 2.5%
Dish Washers 7.2% 0.2%
Other Appliances 6.5% 10.0%
Furnace Fans 5.9% 0.3%
Clothes Washers 5.4% 0.2%
Water Heating 5.4% 10.3%
Cooking 5.3% 3.0%
Refrigeration 5.0% 2.8%
Cooling 4.3% 26.2%
Heating 4.2% 33.5%
Freezing 3.9% 1.0%
Secondary Heating 1.8% 3.2%

A.1.2. Demand Projection Methodology

Demand drivers were developed using data from tise Department of Energy
(DOE) Annual Energy Outlook (AEO) 2006 forecastueéful energy demand for the
Northeast. After calculating the growth in usednkergy demand relative to 2002, which
is NE-MARKAL'’s base year, these growth factors ased to project the demand for
energy in the commercial and residential sectot$mB029. DOE’s National Energy
Modeling System (NEMS) provides a forecast of usefiergy demand for the
commercial sector and is used directly for develgghe commercial demand drivers.
NEMS does not provide a forecast of useful enemgyahd for the residential sector, so
we constructed a customized forecast of resideatialgy demand based on AEO 2006
projections of device units in the residential @guent stock, final energy consumption
by type of device, and the average base year efiftgi of residential devices in each
residential demand category.

A.1.3. Building Sector Demand Technologies

Tables A.3 and A.4 outline key assumptions madeBAMARKAL regarding
building technologies in the commercial and resi@sectors. Technological and
market innovation is represented by introducingerefficient or less expensive
technologies over time. In Table A.3, the investtreost and efficiency ranges were
prepared by comparing all technologies of a giyge tover the entire model timeframe.
These tables provide a sense for our assumed cdmgarket and technical innovation.
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Table A.3: Commercial Technologies

Investment Cost

Efficiency $/Mbtu
Commercial Technology Techﬁc())ll;gies Min Max

Electric Range 2 0.70 0.80 37 43
Gas Range 2 0.45 0.60 26 36
Beverage Machine 10 0.70 1.08 1,488 1,632
Centralized Refrigeration 10 1.82 1.95 947 955
Ice Machine 8 0.44 0.48 2,281 2,505
Reach in Freezer 10 0.56 0.69 2,206 2,832
Reach in Refrigerator 8 0.48 0.63 3,518 4,104
Refrigerated Vending 11 0.48 0.65 3,487 3,692
Machine

Walk in Cooler 12 1.99 3.59 760 959
Walk in Freezer 10 0.73 1.09 2,498 2,788
Cooling Air Src HP 7 2.78 5.51 97 194
Centralized AC 7 281 5.86 45 143
Centrifugal Chiller 7 4.60 7.30 28 56
Cooling Ground Src HP 5 3.96 8.06 175 300
Gas-fired Chiller 6 1.00 2.20 52 75
Gas Heat Pump 3 0.62 0.70 181 181
Gas Rooftop AC 5 0.59 1.10 96 150
Electric Rooftop AC 6 2.60 4.40 61 80
Reciprocating Chiller 6 2.50 3.80 74 101
Wall Room AC 6 2.40 3.52 17 80
Air Src HP 7 1.88 3.17 97 194
Oil Boiler 4 0.73 0.84 17 19
Oil Furnace 3 0.76 0.80 9 10
Electric Boiler 2 0.94 0.94 20 22
Other Electric Packaged 2 0.93 0.96 16 21
Sys

G)rlound Src HP 5 3.40 5.10 175 300
Natural Gas Boiler 5 0.70 0.85 20 37
Natural Gas Furnace 7 0.70 0.90 9 14
Gas HP 3 1.30 1.50 181 181
7000 CFM System 5 0.56 0.61 3,143 3,217
15000 CFM System 11 0.22 0.36 4,008 4,928
30000 CFM System 10 0.24 0.56 3,150 3,761
50000 CFM System 10 0.26 0.67 3,792 4,229
Oil Water Heater 2 0.73 0.78 27 41
Electric Water Heater 2 0.95 0.97 14 19
Natural Gas Water Heater 4 0.74 0.97 11 19
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Table A.4: Residential Technologies

Efficiency Investment Cost $/Mbtu
Residential # of Min Max Min Max
Technology Technologies

Electric Clothes 5 1.07 1.19 90.55 104.13
Dryer
Gas Clothes Dryer 5 0.94 1.05 101.74 115.32
Electric Clothes 2 1.00 1.00 341.30 341.30
Dryer
LPG Range 2 1.00 1.00 341.30 341.30
Gas Range 2 1.00 1.00 341.30 341.30
Electric Range 8 0.68 1.82 1124.69 2322.74
Electric Dish Washer 10 1.05 2.72 200.34 772.75
Electric Freezer 4 1.12 1.92 192.52 252.65
Florescent Light 4 3.68 3.68 1.84 2.03
Incandescent Light 2 0.99 0.99 0.24 0.24
Solid State Light 3 6.62 6.62 10.46 85.85
Electric Refrigeration 9 1.19 1.96 215.44 492.24
Central AC 11 2.93 5.86 411.02 1233.05
Air Src HP 14 2.93 5.51 273.33 503.49
Ground Src HP 10 13.80 27.50 604.19 1035.76
Gas HP 3 0.62 0.70 251.75 431.57
Room AC 6 2.87 3.52 59.60 164.41
Oil Furnace 5 0.80 0.86 30.79 37.63
Oil Radiator 7 0.80 0.97 47.89 62.43
Air Src HP 14 1.99 3.17 42.25 77.82
Electric Radiator 1 1.00 1.00 25.66 25.66
Ground Src HP 10 3.40 5.10 93.38 160.09
Kerosene Furnace 3 0.80 0.86 35.10 72.12
LPG Furnace 9 0.78 0.97 25.66 171.03
Natural Gas Furnace 9 0.78 0.97 25.66 171.03
Gas Heat Pump 3 1.30 1.50 38.91 66.70
Natural Gas 7 0.80 0.97 47.89 62.43
Radiator
Wood Stove 1 1.00 1.00 29.08 29.08
Oil Water Heater 2 0.55 0.58 73.74 79.26
Electric Water 18 0.86 2.40 33.87 174.20
Heater
LPG Water Heater 12 0.54 0.86 33.19 213.78
Natural Gas Water 13 0.54 0.86 33.19 213.78
Heater

In Tables A.3 and A.4, efficiency is defined ditetly, depending on the technology
type. The efficiency of devices such as radiatorfsimaces is defined in the typical way
as energy output divided by energy input. Lightaficiency is defined as billion
lumens per trillion British thermal units (tBTU$)eat pumps and air conditioners are
characterized by their coefficient of performanC®©e).
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A.1.4. Technology/Fuel Share Constraints

Technology-specific penetration rates and fuel aon#ion shares were
developed to ensure that initial year fuel consuompievels calibrated well with the
historical 2002 values reported in AEO 2006. Thes@bration constraints were relaxed
modestly over time to allow for some degree of-fwitching and increased adoption of
high efficiency technologies. These “relaxatioatéss” have a large impact on how
flexible each of the sectors can be when decidihighvtechnologies and energy sources
are implemented to meet the demand for energy. nvdesessing stringent

TableA.5: Commercial Sector Shares Constraints

2002 2029 Relaxation
Factor

* Space Heating
Lower limit of electricity use in commercial space heating 10.2%  9.2% 0.9
Lower limit of natural gas use in commercial space heating 73.3% 58.7% 0.8
Lower limit of distillate oil use in commercial space heating 16.4% 11.5% 0.7
Advanced technology limit for commercial space heating 0.0% 20.0%
Technology upper limit for commercial GSHP 0.0% 20.0%
Lower limit of electricity use in commercial space cooling 97.8% 88.0% 0.9
Lower limit of natural gas use in commercial space cooling 22% 1.8% 0.8
Advanced technology limit for commercial space cooling 0.0% 20.0%
Technology upper limit for window AC 10.7%  8.6% 0.8
Technology upper limit for rooftop AC 55.5% 44.4% 0.8
Upper limit of solar use in commercial water heating 20.7%  0.0%
Upper limit of heat pump use in commercial water heating 20.7%  0.0%
Lower limit of electricity use in commercial water heating 20.7% 18.7% 0.9
Lower limit of natural gas use in commercial water heating 70.4% 56.4% 0.8
Lower limit of distillate oil use in commercial water heating 88% 6.2% 0.7
Advanced technology limit for commercial water heatin 0.0% 20.0%
Lower limit of electricity use in commercial cooking 6.2%  5.6% 0.9
Lower limit of natural gas use in commercial cooking 93.8% 84.4% 0.9
Advanced technology limit for commercial cookin 0.0% 20.0%
Technology share for commercial lighting - Incandescent 17.8%  0.0% 0.0
Technology share for commercial lighting - Fluorescent 72.7% 72.7% 1.0
Technology share for commercial lighting - HID 95% 9.5% 1.0
Advanced technology limit for commercial lighting 2.4% 25.0%
Technology share for commercial refrigeration - Centralized 58.6% 58.6% 1.0
Technology share for commercial refrigeration - Walk-in Cooler 21.6% 21.6% 1.0
Technology share for commercial refrigeration - Walk-in Freezer 6.4%  6.4% 1.0
Technology share for commercial refrigeration - Reach-in Refrigerator 1.7% 1.7% 1.0
Technology share for commercial refrigeration - Reach-in Freezer 24% 2.4% 1.0
Technology share for commercial refrigeration - Ice Machine 32% 3.2% 1.0
Technology share for commercial refrigeration - Beverage
Merchandiser 2.3% 2.3% 1.0
Technology share for commercial refrigeration - Rfg. Vending Machine 38% 3.8% 1.0

Advanced technology limit for commercial refrigeration 0.0% 20.0%
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environmental policies, the model requires thedose to explore scenarios that are very
different from current energy consumption patterimsthese cases, the constraints in
Tables A.5 and A.6 need to be relaxed. Betwee2 20@ 2029, the value of the
constraint decreases or increases linearly depgmudirwhether the constraint is being
relaxed or tightened.

Table A.6: Residential Sector Share Constraints

Relaxation

Constraint Factor
* Space Heating
Lower limit of electricity use in residential space heating 17.3% 15.6% 90.0%
Lower limit of natural gas use in residential space heating 49.7% 42.2% 85.0%
Upper limit of kerosene use in residential space heating 1.4% 1.5% 110.0%
Lower limit of LPG use in residential space heating 3.1% 2.8% 90.0%
Lower limit of distillate oil use in residential space heating 25.6% 23.0% 90.0%
Lower limit of woody biomass use in residential space heating 2.9% 2.6% 90.0%
Technology upper limit for residential GSHP 0.0% 5.0% Not Used
Advanced technology limit for residential space heating 13.2% 10.0% Not Used

Space Cooling
Lower limit of electricity use in residential space cooling 100.0% 90.0% 90.0%
Lower limit of natural gas use in residential space cooling 0.0% 0.0% Not Used
Advanced technology limit for residential space cooling 0.0% 20.0% Not Used
Technology upper limit for room AC 5.5% 50.0% Not Used

Technology upper limit for heat pumps 34.4% 10.0% Not Used

* Clothes Washers
Advanced technolog

limit for residential clothes washers 0.0% 20.0% Not Used

* Dish Washers
Advanced technolog
Water Heating

limit for residential dishwashers 0.0% 10.0% Not Used

Upper limit of solar use in residential water heating 0.0% 25.0% Not Used
Lower limit of LPG use in residential water heating 0.8% 0.8% 90.0%
Lower limit of electricity use in residential water heating 38.3% 34.4% 90.0%
Lower limit of natural gas use in residential water heating 57.3% 45.8% 80.0%
Lower limit of distillate oil use in residential water heating 3.6% 2.5% 70.0%
Advanced technology limit for residential water heatin 0.0% 20.0% Not Used
Lower limit of electricity use in residential cooking 29.9% 26.9% 90.0%
Lower limit of natural gas use in residential cooking 65.0% 58.5% 90.0%
Lower limit of LPG use in residential cooking 5.1% 4.5% 90.0%
Advanced technology limit for residential cookin 0.0% 10.0% Not Used
Lower limit of electricity use in residential clothes drying 79.2% 71.2% 90.0%
Lower limit of natural gas use in residential clothes drying 20.8% 18.8% 90.0%

Advanced technology limit for residential clothes drying 0.0% 10.0% Not Used
Refrigeration

Advanced technology limit for residential refrigeration 0.0% 20.0% Not Used

Advanced technoloii limit for residential freezini 0.0% 10.0% Not Used

Technology share for residential lighting - Incandescent 90.0% 70.0% Not Used
Technology share for residential lighting - Fluorescent 10.0% 25.0% Not Used
Advanced technology limit for residential lighting 0.0% 2.0% Not Used
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A.2. Transportation Sector Input Assumptions

For light-duty vehicles (LDV), heavy trucks and bas2002 state-level vehicle
miles traveled (VMT) is derived from the Mid-AtlactNortheast Visibility Union’s
(MANE-VU'’s) mobile report. The demands are basedree MOBILE model’s size
classes, and were mapped to the NE-MARKAL sizeselgissmall car, large car, small
truck, large truck and mini-vans. The NE-MARKAIlzsiclasses were defined to take
advantage of technical and economic data in alddtaiudy of currently available and
emerging GHG reduction technologfés.

A.2.1. Transportation Demand Projections

Demand projections for LDVs, trucks, and buses vbased on VMT projections
extracted by NESCAUM from the MANE-V3inventory data for 2009 and 2018, which
were based on state-provided VMT projections. LHYY'S, the average growth rate for
all size categories was used. For trucks, an geavhthe Heavy Duty Gas Truck
(HDGT), Medium Heavy Duty Diesel Vehicle (MHDDV)nd Heavy Heavy Duty
Diesel Vehicle (HHDDV) classes, weighted by theedogsar shares for these classes in
each state, was used. For buses, the Heavy DageDBus (HDDB) category growth
rate was used.

Figure A.3: Vehicle Miles Traveled Demand Projectia
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¥ Reducing Greenhouse Gas Emissions from Light-duty Mégticles, September 2004. Northeast States
Center for a Clean Air Future (NESCCAF), Boston, MA

2 MARAMA, Documentation of the 2002 Mobile Emissions Intay for the MANE-VU States, Mid-
Atlantic Regional Air Management Association, Baltimore MDQ@&, available online at:
http://www.marama.org/visibility/Inventory%20Summaigé&l_mob_manevu_rpt.pdf
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For the fuel-based other demands, growth projestawa derived from the growth
of the consumption of these fuels in AEO 2006 regligesults. The exception is Other
Diesel, because AEO diesel consumption is dominaydueavy trucks, a demand we
track explicitly. The growth rate for Other Diesgkthe AEO annual growth rate for the
sum of freight rail and domestic shipping, the tas@est components of diesel
consumption after heavy trucks. This is a nati@varage growth rate.

Figure A.4: Other Transportation Fuel Demands
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Table A.7: HDV Technical Characteristics
Min Max Min Cost Max Cost
MPG MPG (2002%/milyr) (2002%/milyr) Life
CNG Bus 4.3 8.6 5.0 11.4 15
Diesel Bus 3.9 4.7 3.5 11.4 15
Electric Bus 4.3 9.3 5.0 11.4 15
Gasoline Bus 7.1 11.1 4.7 11.4 15
Heavy Diesel Truck 5.8 6.9 2.9 11.3 25
Heavy Diesel Truck Adv 7.0 8.3 3.0 3.3 25
Heavy Gasoline Truck 5.8 5.8 2.9 11.3 25
Medium Diesel Truck 7.8 9.4 1.7 6.8 25
Medium Diesel Truck
Adv 9.5 11.3 1.8 2.0 25
Medium Gasoline Truck 7.8 7.9 1.7 6.8 25




Integrating Climate and Air Quality Planning in Maryland Page A-11

Each of the major vehicle classes representedbie$a\.7 and A.8 contains
more than one technology depending on the model yHzey list the range of costs and
efficiencies associated with technologies in th@gportation sector over the modeling
timeframe.

Table A.8: LDV Technical Characteristics

Min Max Min Cost Max Cost

MPG MPG (2002%/milyr) (2002%/milyr) | Life
CNG Minivan 17.2 17.2 2.2 2.3 15
Diesel Hybrid Minivan 42.7 42.7 2.7 2.7 15
Diesel Minivan 23.2 23.2 2.2 2.2 15
Electric Minivan 68.8 68.8 3.3 3.7 15
Ethanol Minivan 20.7 23.0 2.1 2.2 15
Gasoline Hybrid Minivan 31.1 36.2 24 2.6 15
Gasoline Minivan 17.2 23.6 2.1 2.3 15
Hydrogen FC Minivan 40.9 47.3 2.5 2.7 15
Lg CNG Car 19.7 19.7 2.5 2.5 15
Lg CNG Truck 13.3 13.3 2.4 2.5 15
Lg Diesel Car 26.0 26.0 2.3 2.3 15
Lg Diesel Hybrid Car 49.0 49.0 3.0 3.0 15
Lg Diesel Hybrid Truck 33.5 33.5 3.1 3.1 15
Lg Diesel Truck 17.7 17.7 2.5 2.5 15
Lg Electric Car 78.9 78.9 4.1 4.1 15
Lg Electric Truck 17.0 53.2 2.3 3.5 15
Lg Ethanol Flex Car 21.1 23.8 2.3 2.4 15
Lg Gasoline Car 19.7 30.1 2.1 2.6 15
Lg Gasoline Hybrid Car 35.7 41.6 2.6 2.8 15
Lg Gasoline Hybrid
Truck 23.8 27.7 2.6 2.9 15
Lg Gasoline Truck 13.3 19.0 2.2 2.6 15
Lg Hydrogen FC Car 47.9 54.6 2.8 3.1 15
Lg Hydrogen FC Truck 28.1 36.9 2.7 3.2 15
Sm CNG Car 23.3 23.3 2.0 2.0 15
Sm CNG Truck 15.2 15.2 1.9 1.9 15
Sm Diesel Car 35.5 35.5 2.1 2.1 15
Sm Diesel Truck 234 25.2 1.8 1.8 15
Sm Electric Car 93.1 93.1 3.4 3.4 15
Sm Electric Truck 17.7 61.0 1.7 2.8 15
Sm Ethanol Flex Car 25.9 274 1.8 1.8 15
Sm Ethanol Truck 18.3 19.3 1.8 1.8 15
Sm Gasoline Car 23.3 33.0 1.7 2.0 15
Sm Gasoline Truck 15.2 21.8 1.7 1.9 15
Sm Hybrid Diesel Car 59.4 59.4 2.4 2.4 15
Sm Hybrid Diesel Truck 37.1 37.1 2.3 2.3 15
Sm Hybrid Gasoline Car 42.2 49.1 2.1 2.2 15
Sm Hybrid Gasoline
Truck 27.1 31.5 1.9 2.1 15
Sm Hydrogen FC Car 60.1 65.9 2.2 2.5 15
Sm Hydrogen FC Truck 30.5 45.7 2.1 2.3 15
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Table A.9 presents the default assumptions madet &he evolution of the fleet
technology mix for Maryland in the NE-MARKAL modellhe share constraints change
linearly between 2005 and 2029. The constraintgigothe extent to which the fleet
technology mix is allowed to change over time. wAih the share constraints in both of
the building sectors, these constraints govern fthexible the technology choices in the
transportation sector are in response to climatieeavironmental policy scenarios.

Table A.9: Transportation Sector Technology Share @nstraints

Min Share of Diesel Bus in

Transportation Buses 84.4% 67.5%
Min Share of Heavy Truck in

Transportation Heavy Trucks 45.6% 43.4%
Min Share of Gasoline Truck

in Transportation Heavy

Trucks 30.6% 29.1%
Minimum Share of Big Car in

Transportation LDV 28.3% 19.2%
Minimum Share of Small Truck

in Transportation LDV 27.3% 33.8%
Minimum Share of Small Car

in Transportation LDV 24.1% 16.3%
Minimum Share of Lg Truck in

Transportation LDV 11.8% 16.7%
Max Share of CNG Bus in

Transportation Buses 7.6% 8.4%
Minimum Share of Min Van in

Transportation LDV 7.5% 13.0%
Max Share of Gasoline Bus in

Transportation Buses 6.0% 6.6%
Max Share of DSL LDV in

Transportation LDV 2.0% 10.0%
Max Share of CNG LDV in

Transportation LDV 0.1% 1.0%

A.3. Industrial Sector Input Assumptions

A.3.1. Industry Sector Demand Projections

Industrial sector demand covers a generic setarfgss technologies in the
manufacturing industries depicted in Figure 3. DOE’s Manufacturing Energy
Consumption Surve(MECS) was used to map forecasted industrial enesggumption
in AEO 2006 into a set of processes common tandlistries modeled. These processes
include process heating, steam usage, electro-chédevices, machine drives, petro-
chemical feed stocks and other industrial processashds.

% The National Energy Modeling System (NEMS) reports eneogygumption by North American
Industrial Classification System (NAICS) code for the ofanturing sector. Paper 322, Metal 3311-3313,
Chemicals 325, Durables 332-336, Glass & Cement 3272-82h8r Manufacturing.
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Figure A.5: Industry Demand
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Table A.10: Industry Demand Growth
Average Annual Growth

OOther

B Glass & Cement
ODurables
OMetals

W Paper

O Chemicals

% 2002 Demand

2002-2029

Durables

2.3%

5.2%

Glass & Cement

1.9%

3.9%

Paper

1.0%

7.1%

Other

0.9%

43.2%

Metals

0.1%

14.2%

Chemicals

-0.4%

26.4%

A.3.2. Demand Projection Methodology

Unlike energy demand in the buildings sector, imdaisdemand drivers are based
on AEO 2006 projections of final energy consumptiatier than useful energy output.
The drivers were constructed in a manner that woeddlt in relatively flat industrial

demand projections.

A.3.3. Industry Sector Fuel Share Constraints

Tables A.11 through A.16 outline the fuel sharestaints that calibrate
industrial sector fuel consumption to baseline 28ata sources. Tables are also
included describing how these constraints are eglawer time to allow for fuel- and
technology-switching. The shares indicate the mum proportion of each fuel category

consumed by each industrial process.
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Table A.11: Chemical Sector Fuel Shares

Machine Petr.o
CHP Drive Other Chemical
Processes

Coal 2002 80.7% 9.0% 29.7%

2029 72.6% 5.4% 17.8%
Diesel 2002 0.0% 0.0% 0.0% 0.2% 0.2%

2029 0.0% 0.0% 0.0% 0.1% 0.1%
Electricity 2002 97.6% 47.7% 15.6% 0.4%

2029 97.6% 47.7% 15.6% 0.4%
Low Tem 2002 52.6%
Heat 2029 52.6%
LPG 2002 0.000% 8.1%

2029 0.000% 7.3%

2002 0.1%
S 2029 0.1%
Natural 2002 18.3% 2.4% 7.8% 30.5% 78.5% 15.3%
Gas 2029 16.4% 1.9% 6.2% 24.4% 62.8% 12.3%
Other 2002 34.5%
Petroleum 2029 27.6%
Petro- 2002 61.4%
Chemical 2029
Feedstocks 49.1%
Residual 2002 1.0% 5.7% 1.7%
Qil 2029 0.8% 4.6% 1.4%

Table A.12: Metal Manufacturing Sector Fuel Constrants

Process
Heat

FUEL Machine | o, ‘

Drive Sl ‘

Coal 47.08% 38.48%
2029 28.25% 23.09%
Diesel 2002 0.41% 1.06% 0.00%
2029 0.29% 0.74% 0.00%
El - 2002 98.87% 37.66% 42.14% 12.58%
ectricity
2029 98.87% 41.42% 37.93% 13.84%
Low Tem 2002 26.61%
Heat 2029 26.61%
2002 0.00%
HHE 2029 0.00%
Natural 2002 0.72% 6.10% 19.01% 60.81%
Gas 2029 0.58% 4.88% 15.21% 48.65%
Other 2002 7.58%
Petroleum 2029 7.58%
Residual 2002 0.52%
Qil 2029 0.36%
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Table A.13: Durable Goods Manufacturing Sector FueConstraints
FUEL .~ CHP Machine Drive =~ Other | Process Heat Steam
—_— 2002 0.00% 0.00% 0.00%
2029 0.00% 0.00% 0.00%
. 2002 0.68% 2.03%
DlzsEl 2029 0.48% 1.42%
N 2002 99.73% 89.58% 75.02%
Electricity —579 99.73% 71.66% 75.02%
Low Tem 2002 14.99%
Heat 2029 14.99%
2002 0.00%
HAE 2029 0.00%
Natural 2002 9.27% 0.27% 8.75% 24.98% 59.12%
Gas 2029 8.34% 0.22% 7.00% 19.98% 47.30%
Residual 2002 0.99% 2.97%
oil 2029 0.80% 2.37%
2002 89.73% 20.89%
Hioed 2029 80.76% 20.89%
Table A.14: Paper Manufacturing Sector Fuel Constrints
FUEL CHP Machine Drive Other Process Heat Steam
Coal 2002 50.58% 6.23% 45.94% 12.69%
2029 45.52% 3.74% 27.56% 7.62%
Diesel 2002 0.58% 1.77% 2.89% 0.19%
2029 0.52% 1.24% 2.02% 0.13%
Electricit 2002 91.33% 37.83% 9.99% 0.13%
y 2029 91.33% 41.61% 10.99% 0.15%
Low Tem 2002 73.26%
Heat 2029 73.26%
L 2002 0.00% 0.00%
2029 0.00% 0.00%
2002 0.45%
S 2029 0.45%
Natural 2002 3.10% 1.57% 10.19% 43.37% 3.18%
Gas 2029 2.79% 1.26% 8.15% 34.70% 2.54%
Residual 2002 4.01% 0.87% 4.28% 43.75% 3.38%
oil 2029 3.61% 0.70% 3.42% 35.00% 2.71%
2002 40.73% 6.71%
tiiaedl 2029 36.65% 6.71%
Table A.15: Glass & Cement Sector Fuel Constraints
FUEL Machine Drive Other Process Heat Steam
— 2002 90.57%
2029 54.34%
Diesel 2002 2.30% | 12.04% 0.24% 61.91%
2029 1.61% | 8.43% 0.17% 43.34%
Electricit 2002 97.51% | 51.37% 4.52%
y 2029 97.51% | 56.50% 4.97%
2002 4.90%
Low Tem Heat 5029 2.90%
2002 0.20% | 6.89% 4.67% 33.18%
e G 2029 0.16% | 5.51% 3.74% 26.55%
2002 27.38%
Other Petroleum 5029 57 38%
. . 2002 2.33%
Residual Oil 2029 1.86%
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Table A.16: Other Industrial Sectors Fuel Constrairts

FUEL cyp  Machine o Process | o oom
Drive Heat
Coal 2002 0.00% 0.27% 0.26% 12.76%
2029 0.00% 0.16% 0.15% 7.66%
Diesel 2002 0.00% 14.55% 19.83% 6.71% 32.09%
2029 0.00% 1019% | 13.88% 4.60% | 22.46%
Eletricity | 2002 85.30% | 60.54% 42.58%
2029 85.30% 66.60% 46.84%
e 2002 14.15%
2029 14.15%
Low Tem 2002 15.47%
Heat 2029 15.47%
2002 0.00%
L#E 2029 0.00%
Natural 2002 9.27% 0.14% 4.64% 46.63% 25.49%
Gas 2029 8.34% 0.11% 3.71% 37.30% 20.39%
Residual | 2002 0.00% 0.57% 3.83% 4.75%
Qil 2029 0.00% 0.46% 3.06% 3.80%
Wood 2002 89.73% 9.44%
2029 80.76% 9.44%

A.4. Power Sector Input Assumptions

For electricity only plants, the NE-MARKAL modelirapproach is to represent
individual plants down to a minimum size threshaldd aggregate the plants below that
threshold. Technical and economic data are takesn Energy Information
Administration (EIA) reports, NEMS, and eGRID.

There are two types of combined heat and power jGigplications considered
in NE-MARKAL. The first is the independent or mbeent CHP plant that primarily sells
electricity to the grid and is not integrated imdustrial processes. The heat (usually
steam) they produce can be used in a range ofdenetium temperature applications,
including district heating, commercial/institutidrildings, or industrial manufacturing.
These plants are modeled in the electricity senttdre same manner as the electricity
generation technologies.

The second class of plants is the industrial CHiRtpl These plants are more
tightly integrated with the industrial processesytserve and often (but not always) use
by-product fuels from industrial processing. Thelfconsumption and residual capacity
of these plants (and on-site generation) have brgacted from the NEMS industrial
database and apportioned to the states accordrfgtétte Energy Data System (SEDS)
data, as are other industrial energy consumptiten dBhe CHP end-use shares are
derived from the MECS data. Specific CHP technel®@re defined according to the
fuel input. Technology characteristics are derifredh the System for the Analysis of
Global Energy Market6SAGE) industrial technology database.

A.4.1. Existing Power Plants

The data sources for existing electricity generggiants and independent CHP
generation technologies are EIA Forms 860 (existing planned units), 767, 759/906
and 1. These data sources collectively list gemgrainit capacity, prime mover, fuel
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sources, location, plant operation and equipmesigddincluding environmental
controls), and fuel consumption and quality. Fr karger investor-owned plants, these
data also include non-fuel operating costs. Eachey form covers a unique universe of
units covered. All units are covered by one oremafrthe forms. Key input assumptions
for all existing plants for inclusion in our modwdi are presented in Tables A.17 and
A.18.

Because the EIA forms list every plant regardldssze, small plants must be
aggregated to an appropriate level to obtain a geat@le number of technologies that
still adequately represent the diversity of exigtomhants and their differential use in the
system. All existing generation units above a dptcapacity threshold are represented
as individual technologies, retaining all unit-sfieanformation. This threshold is
currently set at 25MW, but can be adjusted to obifa¢ desired level of detail in the
sector.

Plants below the capacity threshold have been ggtgé using the following
characteristics to define a plant type:

* Fuel input type

* Plant type (taken from the Electricity Capacity rifieng (ECP) designations in
NEMS)

» State/Region

For each grouping of aggregated plants, data ®rdpresentative MARKAL technology
are derived by calculating a capacity weighted ayerof selected fields from the EIA
forms and totaling other fields. The following fislhave been averaged:

* Heat rate

* Annual capacity additions (added to fixed operatiod maintenance (O&M) costs)
* Fixed O&M

* Variable O&M

» Capacity factor

* Availability

» Scrubber efficiency

* Nitrogen oxides (NOx) emission rate

The following fields were totaled:

» total of summer capacity
» total of winter capacity (used by adjusting the ByFseason)

22 Note that ECP designations separate coal units with ahdwtiscrubbers and by vintage. In addition,
for coal units, the coal supply region providing the faplt was used to further distinguish between units
for aggregation purposes.
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Table A.17: Existing Power Plants

Retirement

Fuel Efficiency Capacity Date Availability
MD C P Crane:1.CBX.CSU Coal / Biomass$ 33% 190 203p 82%
MD C P Crane:2.CBX.CSU Coal / Biomass$ 34% 19% 203p 82%
MD Gould Street:3.RFL.STO Residual Oil 29% 103 2012 82%
MD Herbert A Residual Oil 30% 131 2012 8204
Wagner:1.RFL.STO
MD Herbert A Coal / Biomass 33% 135 2032 82%
Wagner:2.CBX.CSU
MD Herbert A Coal / Biomass 35% 332 2032 8204
Wagner:3.CBX.CSU
MD Herbert A Gas 26% 401 2012 82%
Wagner:4.NGA.STG
MD Perryman:GT1.DSL.CTO Diesel 28% 52 2012, 929
MD Perryman:GT2.DSL.CTO Diesel 28% 52 2012 929
MD Perryman:GT3.DSL.CTO Diesel 28% 52 2012, 92%
MD Perryman:GT4.DSL.CTO Diesel 28% 52 2012, 92%
MD Perryman:GT5.0GX.CTX Qil / Gas 28% 173 2035 929
MD Riverside:4.NGA.STG Gas 25% 79 2012 82%
MD Riverside:GT6.0GX.CTX Oil / Gas 18% 133 2012 92%
MD Westport:GT5.NGA.CTG Gas 18% 121 2012 929
MD Vienna Residual Oil 27% 156 2012 82%
Operations:8.RFL.STO
MD R Paul Smith Power Coal / Biomass 29% 88 2032 8204
S:11.CBX.CSU
MD R Paul Smith Power Coal / Biomass 29% 28 2032 82%
S:9.CBX.CSU
MD Chalk Point Residual Oil 35% 612 2015 8204
LLC:3.RFL.STO
MD Chalk Point Residual Oil 34% 612 2021 8204
LLC:4.RFL.STO
MD Chalk Point Diesel 26% 35 2014 92%
LLC:GT2.DSL.CTO
MD Chalk Point Oil / Gas 26% 99 2031 9204
LLC:GT3.0GX.CTX
MD Chalk Point Oil / Gas 26% 99 2031 920
LLC:GT4.0GX.CTX
MD Chalk Point Oil / Gas 26% 120 2031 9204
LLC:GT5.0GX.CTX
MD Chalk Point Oil / Gas 26% 120 2031 920
LLC:GT6.0GX.CTX
MD Chalk Point Oil / Gas 26% 93 2030 9204
LLC:SGT1.0GX.CTX
MD Chalk Point Coal / Biomass 28% 341 2032 8204
LLC:ST1.CBX.CSU
MD Chalk Point Coal / Biomass 32% 343 2032 82%
LLC:ST2.CBX.CSU
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MD Dickerson:2.CBX.CSU Coal / Biomasg 34% 182 2032 82%
MD Dickerson:3.CBX.CSU Coal / Biomasg 34% 182 2032 82%
MD Dickerson:GT2.0GX.CTX Oil / Gas 26% 167 2032 92%
MD Dickerson:GT3.0GX.CTX Oil / Gas 26% 167 2032 92%
MD Dickerson:ST1.CBX.CSU Coal / Biomass 34% 187 203 82%
MD Morgantown Diesel 24% 65 2013 92%
Generatin:3.DSL.CTO

MD Morgantown Diesel 24% 65 2013 92%
Generatin:4.DSL.CTO

MD Morgantown Diesel 24% 65 2013 92%
Generatin:5.DSL.CTO

MD Morgantown Diesel 24% 65 2013 92%
Generatin:6.DSL.CTO

MD Morgantown Coal / Biomass 35% 624 2032 8204
Generatin:ST1.CBX.CSU

MD Morgantown Coal / Biomass 35% 620 2032 82%
Generatin:ST2.CBX.CSU

MD Conowingo:1.HYD.HYC Hydro 34% 48 2032 38%
MD Conowingo:2.HYD.HYC Hydro 34% 36 2032 38%
MD Conowingo:3.HYD.HYC Hydro 34% 48 2032 38%
MD Conowingo:4.HYD.HYC Hydro 34% 48 2032 38%
MD Conowingo:5.HYD.HYC Hydro 34% 36 2032 38%
MD Conowingo:6.HYD.HYC Hydro 34% 36 2032 38%
MD Conowingo:7.HYD.HYC Hydro 34% 36 2032 38%
MD Conowingo:8.HYD.HYC Hydro 34% 65 2032 38%
MD Conowingo:9.HYD.HYC Hydro 34% 65 2032 38%
MD Conowingo:10.HYD.HYC Hydro 34% 65 2032 38%
MD Conowingo:11.HYD.HYC Hydro 34% 65 2032 38%
MD Montgomery County MSW 20% 56 2035 90%
Re:GEN1.MSW.MSW

MD Calvert Cliffs Nuclear 34% 865 2032 82%
Nucle:1.NUC.CNU

MD Calvert Cliffs Nuclear 34% 880 2032 8204
Nucle:2.NUC.CNU

MD Brandon Coal / Biomass 32% 652 2032 8204
Shores:1.CBX.CSU

MD Brandon Coal / Biomass 33% 652 2032 820
Shores:2.CBX.CSU

MD Rock Springs Gas 32% 185 2046 920
Generat:5.NGA.CTG

MD Rock Springs Gas 32% 185 2046 920
Generat:6.NGA.CTG

MD CTO.DSL.37 Diesel 24% 300 2013 92%
MD CTG.NGA.8 Gas 19% 128 2012 92%
MD CTX.OGX.5 Oil / Gas 33% 20.8 2015 92%
MD MSW.MSW.2 MSW 23% 2.6 2025 90%
MD HYC.HYD.2 Hydro 34% 19 2012 32%
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Table A.18: Smaller Plants and CHP

Retirement

Fuel ‘ Efficiency ‘ Capacity Date Availability

Combined Heat and Power Plants

MD Sparrows Natural

Point: GEN1.NGA.STG Gas 18.5% 152 2012 82.0%

MD Sparrows Natural

Point: GEN2.NGA.STG Gas 18.6% 38 2012 82.0%

MD Sparrows Natural

Point: GEN3.NGA.STG Gas 16.2% 38 2012 82.0%

MD Sparrows Natural

Point: GEN4.NGA.STG Gas 16.2% 38 2012 82.0%

MD Wheelabrator MSW

Baltimo:GEN1.MSW.MSW 35.4% 57 2024 90.0%

MD AES Warrior Run Coal /

Coge:GEN1.CBS.CSC Biomass 32.0% 180 82.0%

MD Panda Brandywine .

LPLOGXCCX Oil/ Gas 41.0% 230 87.0%

MD Panda Brandywine .

LP:2.0GX.CCX ™ Oil / Gas 41.0% 77 87.0%

MD Panda Brandywine .

LP:3.0GX.CCX ™ Oil / Gas 41.0% 77 87.0%
Natural

MD STG.NGA.1 Gas 16.2% 1 82.0%
Natural

MD CTG.NGA.8 Gas 29.1% 20 92.4%

MD MSW.MSW.1 MSW 33.2% 4 90.0%

Aggregations of Small Existing Plants/Technologies < 25 MW

Coal/

MD CSU.CBX.2 Biomass 22.9% 42 2012 82.0%
Coal/

MD CSU.CBX.4 Biomass 28.4% 77 2012 82.0%
Coal/

MD CSU.CBX.9 Biomass 22.0% 112 2012 82.0%
Natural

MD STG.NGA.3 Gas 29.4% 34 2012 82.0%

MD CTO.DSL.141 Diesel 22.0% 352 2020 92.4%
Natural

MD CTG.NGA.6 Gas 31.9% 59 92.4%

MD CTX.0OGX.95 Qil / Gas 24.8% 364 2013 92.4%

MD HYC.HYD.6 Hydro 33.8% 19 2012 96.4%

A.4.2. New Power Plants

New conventional fossil and nuclear plants weregattarized using NEMS data.
Table A.19 presents the key parameter assumptgswiated with new conventional
generation technologies in NE-MARKAL. Investmenstand efficiency ranges
represent the assumed decline in cost and effigigrecease over the modeling horizon.
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Table A.19: New Power Plant Assumptions
Investment Variable Fixed O&M Efficiency Availability

Cost 0O&M
Scrbd
Pulverized Coal | 1,305 - 1374 1.2 23.9 39-40% 85%
2010
Integrated Gas
Comb Cycle 1,313 - 1,561 0.7 335 43 - 47 % 85%
2010
IGCC
w/Sequestration | 1,589 - 2,279 1.1 39.5 35% 85%
2010
Gas/Oil Steam
Turbine 2005
Conv
Combustion 375 - 400 0.9 10.5 31% 92%
Turbine 2007
Adv
Combustion 315 - 379 0.8 9.1 38-40% 92%
Turbine 2007
Conv Gas/Qil
Comb Cycle 548 - 585 0.5 10.8 47% 87%
2008
Adv Gas/Qil
Comb Cycle 503 - 576 0.5 10.1 52 -54 % 87%
2008
Adv CC
w/Sequestration | 864 - 1,149 0.7 17.3 40% 87%
2010
Fuel Cells 2005 4,304 12.2 4.9 43% 87%
Advanced
Nuclear 2013 1,990 - 2,255 0.1 63.6 33% 90%
Pumped
Storage 2005
Distributed
Generation- 818 1.8 13.9 35% 50%
Base 2005
Distributed
Generation- 982 1.8 13.9 32% 5%
Peak 2005

1,024 0.5 32.2 36% 82%

2,180 0.8 171 97% 10%

A.4.3. Renewable Resources Characterization

A.4.3.1. Wind Resources

The National Renewable Energy Laboratory (NREL)vmted NESCAUM with wind
potentials for on- and off-shore resources andfasion of wind class (i.e., 3 through
7) and distance from grid transmission lines. NRiEhcessed its standard state-level
wind resource maps and transmission line data RomerMag® for lines between 69 -

% platts - Dec 2006 update.
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345 kV, buffered to identify raw wind resource putal for 0-5, 5-10, 10-20, and >20
mile distance bands. The standard environmeiatiad, Use, and other exclusion criteria
were then applied to the data to produce a devklepasource potential. These criteria

are provided in Table A.20.

Table A.20: Criteria for Defining Available Windy Land
(numbered in the order they are applied)

Environmental Criteria

2) 100% exclusion of National Park Service and Fish and
Wildlife Service managed lands

Data/Comments:
USGS Federal and Indian Lands shapefile, Jan 2005

3) 100% exclusion of federal lands designated as park,
wilderness, wilderness study area, national monument,
national battlefield, recreation area, national conservation
area, wildlife refuge, wildlife area, wild and scenic river or
inventoried roadless area.

USGS Federal and Indian Lands shapefile, Jan 2005

4) 100% exclusion of state and private lands equivalent to
criteria 2 and 3, where GIS data is available.

State/GAP land stewardship data management status 1,
from Conservation Biology Institute Protected Lands
database, 2004

8) 50% exclusion of remaining USDA Forest Service (FS)
lands (incl. National Grasslands)

USGS Federal and Indian Lands shapefile, Jan 2005

9) 50% exclusion of remaining Dept. of Defense lands

USGS Federal and Indian Lands shapefile, Jan 2005

10) 50% exclusion of state forest land, where GIS data is
available

Land Use Criteria

5) 100% exclusion of airfields, urban, wetland and water
areas.

State/GAP land stewardship data management status 2,
from Conservation Biology Institute Protected Lands
database, 2004

USGS North America Land Use Land Cover (LULC),
version 2.0, 1993; ESRI airports and airfields (2003)

11) 50% exclusion of non-ridgecrest forest

1) Exclude areas of slope > 20%

Other Criteria

Ridge-crest areas defined using a terrain definition script,
overlaid with USGS LULC data screened for the forest
categories.

Derived from elevation data used in the wind resource
model.

6) 100% exclude 3 km surrounding criteria 2-5 (except
water)

Merged datasets and buffer 3 km

7) Exclude resource areas that do not meet a density of 5
km? of class 3 or better resource within the surrounding
100 km? area.

Focalsum function of class 3+ areas (not applied to 1987
PNL resource data)

the 50% level one time.

Note - 50% exclusions are not cumulative. If an area is non-ridgecrest forest on FS land, it is just excluded at
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A.4.3.2. Renewable energy cost and resource bounds

Oak Ridge National Lab (ORNL) has estimated thelabiity and delivered
price of six types of biomass resources for the®.6or agricultural residues, the
delivered price includes the cost of collecting tbgidues, the premium paid to farmers
to encourage participation, and transportationscogfoody biomass and agricultural
wastes were combined as one aggregated biomassaesas the technology differences
for application of these two biomass types aresigntificant.

Four biomass resource supply steps, describedble3@.21 and A.22, were
developed for each state, corresponding to eack ptep in the ORNL data. The first
three price steps start in 2002, as they corresfmealisting supplies of forest and urban
wood waste residues. The final step correspondadogy crops, which ORNL assumed
are available by 2010. The final step was consttlisuch that half the potential energy
crop supply is available in 2008, and the full gyecrop potential is available in 2011.

Most of the increase at $50/dry ton is due to gnergps, which the ORNL data
assume is all switchgrass due to its higher pradtict However, such a significant role
for energy crops may not be the best assumptioNMé&ryland. The ORNL methodology
assumes that agricultural lands are used for erergps, and it factors in some
competition between food production and energy £rdfye did not review the validity
of these and other assumptions in ORNL’s analgsisitlerstand how adequately they
characterize Maryland’s potential for energy crofueally, we would have wanted data
to better characterize the likely supply and sulitgof switchgrass, poplar, and other
energy crops in Maryland.

Work is currently underway to revise our charaeegion of the biomass potential
in the Northeast through a NESCAUM study examirarmggional low carbon fuel
standard. We expect that this analysis will prewideful information to better refine
these assumptions in the future.

Table A.21: Maryland Renewable Energy Cost Assumpbins
Mill 2002$/tBTU

Start Initial Cost Cost 2029 %
Change
Woody Biomass @ 20%$/dt 2002 15 15 0.0%
Woody Biomass @ 30$/dt | 2002 2.3 2.3 0.0%
Woody Biomass @ 40%/dt | 2002 3.3 3.3 0.0%
Woody Biomass @ 50$/dt | 2008 4.2 4.2 0.0%
Residential Wood 2002 15* 15* 0.0%
MSW=* 2002
Pulping Liquor** 2002
Biodiesel Supply Curve 1 2005 5.0 6.1 22.1%
Biodiesel Supply Curve 2 2005 6.8 7.9 16.3%
Hydrogen Supply Curve 1 2005 29.0 24.2 -16.6%
Hydrogen Supply Curve 2 | 2014 53.9 56.6 5.1%

%4 Biomass Feedstock Availability in the United States: 19883 evel Analysis, Marie E. Walsh, Robert
L. Perlack, Anthony Turhollow, Daniel de la Torre UgaBenny A. Becker, Robin L. Graham, Stephen E.
Slinsky, and Daryll E. Ray (updated January 2000).
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Table A.22: Maryland Renewable Energy Resource Patéial Assumptions
tBTU

Initial Upper
Bound

Upper Bound
2029

% Change

Woody Biomass @ 20%/dt . . 0.0%
Woody Biomass @ 30%/dt 2002 4.7 4.7 0.0%
Woody Biomass @ 40%/dt 2002 6.7 6.7 0.0%
Woody Biomass @ 50%/dt 2008 8.9 8.9 0.0%
Residential Wood 2002 11.8 11.8 0.0%
MSW** 2002 16.0 62.9 293.6%
Pulping Liquor** 2002 3.6 4.3 20.5%
Biodiesel Supply Curve 1 2005 0.32 0.33 2.3%
Biodiesel Supply Curve 2 2005 0.18 0.18 2.3%
Hydrogen Supply Curve 1 2005 0.004 35.5 >> 100%
Hydrogen Supply Curve 2 2014 0.1 5.9 >> 100%

Data on municipal solid waste (MSW) were deriveairthe report “BioCycle,
The State of Garbage in America, April 2068.1nitial biomass pulping liquor resource
bounds were developed using SEDS data and therecethowly over the model
timeframe. Both MSW and pulping liquor are curhggbnsumed at no cost.
Residential wood has a high cost to prevent argeldegree of fuel switching into the
resource. Hydrogen supply curves were developsedan a forecaStof regionall
hydrogen production and investment costs out t@®2@iodiesel supply and cost
characteristics were constructed directly from28866 AEO.

25 BioCycle, The State of Garbage in America, April 2006, avkilahline at
www.p2pays.org/ref/22/21411.pdf
% Hydrogen Demand, Production, and Cost by Region 50 2ANL/ESD/05-2,
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A.5. Fuel Price Input Assumptions

In NE-MARKAL, fuel price assumptions are taken ditg from the AEO 2006
reference case forecast. Table A.23 summarizefuedyrice assumptions in each
modeled sector.

Table A.23: Fuel Price Assumptions
Constant 2002 $/ Million Btu

2002 2005 2008 2011 2014 2017 2020
Commercial Sector \

Coal
Diesel 5.77 9.59 9.97 9.47 9.40 9.64 10.02 10.33 10.61 10.78
Gasoline 1059 16.96 15.84 1476 1461 1481 1537 1564 1588 16.09
Kerosene 4.85 7.96 8.03 7.48 7.37 7.45 7.66 7.84 7.96 8.07
LPG 6.73 11.04 10.90 1030 10.17 1054 11.19 11.65 12.03 12.43
Natural Gas 746 10.81 9.28 8.51 8.35 8.26 8.48 8.73 9.01 9.18
Residual Fuel Oil 3.86 8.32 7.37 6.61 6.57 6.58 6.91 6.86 7.13 7.18
Diesel 5.40 8.98 9.09 8.35 8.28 8.52 8.87 9.15 9.36 9.53
Natural Gas 3.96 7.82 5.84 4.95 494 497 5.26 5.52 5.81 5.96
Nuclear Uranium 0.42 0.44 0.48 0.51 0.54 0.55 0.57 0.59 0.58 0.57
Residual Fuel Oil 0.28 0.48 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
High Sulfur
Residual Fuel Oil Low 2.75 4.72 4.92 4.40 4.36 4.41 4.55 4.64 481 4.89
Sulfur
Coal 3.03 5.20 5.43 4.90 4.87 4.92 5.06 5.15 5.32 5.40
Asphalt 3.09 4.88 4.74 4.33 4.28 4.46 4.23 4.81 4.69 5.16
Coal 1.85 2.07 2.19 2.15 2.09 2.07 2.07 2.08 211 2.14
Diesel 6.07 10.09 10.37 10.30 10.22 1046 10.87 11.20 1154 11.71
Gasoline 1059 16.96 1584 1476 1461 1481 1537 1564 1588 16.09
LPG 11.22 1828 1501 1418 1401 1451 1544 16.05 1655 17.06
Natural Gas 4.48 8.75 6.71 5.71 5.60 5.55 5.82 6.10 6.40 6.59
Petroleum 2.69 4.25 4.15 3.87 3.84 3.87 3.94 4.03 4.12 4.18
Feedstocks
Residual Fuel Oil 3.91 8.44 7.45 6.69 6.66 6.67 6.99 6.94 7.21 7.27
Coal 1.85 2.07 2.19 2.15 2.09 2.07 2.07 2.08 2.11 2.14
Diesel 824 1369 1334 1226 1217 1252 1310 1350 13.81 14.02
Kerosene 5.30 7.97 8.14 7.58 7.48 7.56 7.77 7.94 8.06 8.17
LPG 1480 21.80 21.75 2056 20.29 2099 2232 2326 24.00 24.71
Natural Gas 950 1293 11.40 1059 1048 1045 10.73 11.04 11.38 11.61
Sector
CNG 6.85 11.81 10.20 9.42 9.41 9.41 9.68 9.94 10.21 10.36
Diesel 8.93 1545 13.81 1329 13.13 1327 1357 13.83 1411 14.22
Ethanol 1435 2129 22.06 2031 19.70 1994 20.30 20.60 21.08 21.42
Gasoline 1059 16.96 15.84 1476 1461 1481 1537 1564 1588 16.09
Jet Fuel 6.01 12.20 9.77 9.27 9.32 9.49 10.03 10.28 1054 10.91
LPG 15.03 2041 1921 1824 17.96 1840 19.30 19.88 20.35 20.82

Residual Fuel Oil 352 477 714 636 627 636 654 681 706 7.24
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A.6. State / Regional Policies & Regulations

The state and regional climate and air quality ggoahsidered in the modeling
strategy for Maryland include the Regional GreerggoGas Initiative (RGGI),
greenhouse gas reductions associated with a vestitwe California Low Emission
Vehicle (CA-LEV) program tailored to Maryland, Maaynd’s renewable portfolio
standard requirements, and its Healthy Air Acte Ttilowing briefly explains our
modeling approach for each of these goals.

A.6.1.1. State Renewable Portfolio Standards

The state’s Renewable Portfolio Standards (RP3j)irements modeled for
electric generators are taken from the Synapsesssat of the RGGI with the
Integrated Planning Model (IPMJ. Table A.24 presents how each state’s RPS is
currently being modeled.

Table A.24: State RPS Requirements
Percentage of Load Required

State Program 2005 2010 2015
CT Class 1 0.78% 6.05% 6.09% 6.12%
MD Tier 1 1.58% 3.14% 5.04%
NJ- Class 1 Main Tier 0.00% 3.22% 5.55% 7.88%
NY- Main Tier 4.05% 6.43% 6.43%
PA - Tier 1 Main Tier 1.13% 3.02% 4.19%
MA 0.55% 2.72% 4.89% 7.06%
RI 0.00% 2.49% 7.97% 13.94%
NJ- Solar Tier (PV only) 0.01% 0.20% 0.41% 0.62%
PA - Solar Tier (PV only) 0.00% 0.01% 0.24% 0.49%

In NE-MARKAL, these requirements are modeled byddticing constraints that
govern the minimum amount of electricity generdigadenewable resources throughout
the state. Our analysis assumes the lower boumern@wable generation remains at five
percent between 2020 and 2029.

A.6.2. Maryland’s Healthy Air Act

Maryland’s Healthy Air Act was designed to bring iMland into compliance
with the National Ambient Air Quality Standards (N&S) for ozone and fine
particulate matter by 2010. The Healthy Air Achilis mercury, NOx, and sulfur dioxide
(SO emissions from the coal-fired electric generatisted in Tables A.25 and A.26. In
NE-MARKAL, the electricity sector is modeled at thenerator level and currently
includes representations of each unit listed beldtwe modeling framework is capable of
accounting for emissions at various levels of diet@urrently, emissions from electricity
generation are tracked at the sector level. dtraghtforward to introduce emissions
accounting for the plants below and impose theaatad limits.

27 Assumption Development Document: Regional Greenhouse GiasiveitAnalysis, prepared by ICF
Consulting for Regional Greenhouse Gas Initiative (RG@&lJf $Vorking Group and Stakeholders, August
2006.
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The two key modeling challenges were: (1) aligriimg timing of the Healthy Air
Act regulations to the NE-MARKAL time steps, and (8presenting seasonal NOx
limits. NE-MARKAL runs in three-year time stepsarting in 2002 and ending in 2029.
As a result, the years relevant to this modelingrege (2009, 2010, 2012, and 2013) do
not correspond exactly to the three-year intermaSE-MARKAL (i.e., 2008, 2011, and
2014). Our approach was to calculate the averagead rate of decrease for each of
these limits and use those rates to map the Healthct years onto the NE-MARKAL
years.

Table A.25: Healthy Air Act SO, and NOx Limits

Annual NOx O3 Season NOx Annual SO, Tonnage
Tonnage Limits Tonnage Limits Limits

1-Jan-09 1-Jan-12 1-May-09 1-May-12 \ 1-Jan-10 1-Jan-13

Brandon Shores Unit 1 2,927 1,414 1,363 1,124 7,041 5,392
Brandon Shores Unit 2 3,055 1,519 1,449 1,195 7,347 5,627
C.P. Crane Unit 1 832 686 345 284 2,000 1,532
C.P. Crane Unit 2 894 737 385 317 2,149 1,646
Chalk Point Unit 1 1,415 1,166 611 503 3,403 2,606
Chalk Point Unit 2 1,484 1,223 657 542 3,568 2,733
Dickerson Unit 1 672 554 311 257 1,616 1,238
Dickerson Unit 2 736 607 333 274 1,770 1,355
Dickerson Unit 3 698 575 314 259 1,678 1,285
H.A. Wagner Unit 2 673 555 278 229 1,618 1,239
H.A. Wagner Unit 3 1,352 1,115 583 481 3,252 2,490
Morgantown Unit 1 2,540 2,094 1,053 868 6,108 4,678
Morgantown Unit 2 2,522 2,079 1,048 864 6,066 4,646
R. Paul Smith Unit 3 67 55 27 22 161 124
R. Paul Smith Unit 4 349 288 143 118 841 644
Totals 20,216 14,667 8,900 7,337 48,618 37,235

Table A.26: Healthy Air Act Mercury Limits
Hg Emissions Rates (0z / Hg Emissions Limits (lbs /

tBTU Heat Input) yr)
1-Jan-10 1-Jan-13  1-Jan-10 1-Jan-13

Brandon 21 10 94 46
Shores

C.P. Crane 37 18 26 13
Chalk Point 40 20 108 54
Dickerson 38 19 74 37
H.A. Wagner 25 12 68 33
Morgantown 27 14 127 66
R. Paul Smith 35 18 14 7
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A.6.3. MD-LEV GHG reductions

Our analysis used the NE-MARKAL framework to exaenMaryland’s adoption
of the CA-LEV program’s GHG reductions targets. ECAF carried out a similar
analysis for the New England states in 260&nd we used the detailed technology
characterizations and efficiency learning curved.foVs that were developed to support
this analysis. The 2006 study estimated poteocsiddon dioxide (Cg) emission
reductions from light-duty vehicles by adopting ®&-LEV standards in each New
England state. This estimate was used to condtraitransportation sector emissions in
the NE-MARKAL model. The NE-MARKAL analysis prows insights on how the
transportation sector can achieve the program daés/olving into a more efficient
fleet in the least expensive way. Our approachtev&tend this analysis to the
Maryland vehicle fleet.

A.6.4. Regional Greenhouse Gas Initiative (RGGI)

The RGGI cap for Maryland is represented usingstirae assumptions as were
used for the IPM analysis of RGGI. Maryland’'s aan0O, equivalent (CO2e) budget
under the RGGI prograthis presented in Table A.27. In the model, weesented this
budget by introducing a power sector-wide constramCQ emissions consistent with
the data in Table A.27.

Table A.27: RGGI CO2e Limits by State over Time
Thousand tons CO,

2008 2011 2014 2017 2020 2023 2026
CT 9,702 9,702 9,622 8,975 8,732 8,732 8,732 8,732
DE 6,858 6,858 6,801 6,344 6,172 6,172 6,172 6,172
ME 5,397 5,397 5,352 4,992 4,857 4,857 4,857 4,857
MD 34,019 34,019 33,736 31,468 30,617 30,617 30,617 30,617
MA 24,186 24,186 23,984 22,372 21,767 21,767 21,767 21,767
NH 7,820 7,820 7,755 7,234 7,038 7,038 7,038 7,038
NJ 20,768 20,768 20,595 19,210 18,691 18,691 18,691 18,691
NY 58,342 58,342 57,856 53,966 52,508 52,508 52,508 52,508
RI 2,412 2,412 2,392 2,231 2,171 2,171 2,171 2,171
VT 1,112 1,112 1,103 1,029 1,001 1,001 1,001 1,001

For the modeling exercise, the reductions werevddrassuming that 2020 levels
would be at 10 percent below 2008 levels. We assluimat the RGGI cap remains in
place for the remainder of the modeling horizoa.(ithrough 2029) at 2020 levels.

28 Expanding Regional Multi-Sector Carbon Tradingrtollide Transportation and Energy Efficiency. NESECA
2006

29 Assumption Development Document: Regional Greenhouse GiasiveitAnalysis, prepared by ICF
Consulting for Regional Greenhouse Gas Initiative (RG@&lJf $Vorking Group and Stakeholders, August
2006.



