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CHAPTER 1
INTRODUCTION

1.1 PURPOSE

Statc-level policics to control greenhouse gas emissions arc ¢ssential for mitigating the ¢cconomic.
health. and cnvironmental threats posed by global climate change. States play a crucial role in helping the
US as a wholc to mect the national pledge to reduce greenhouse gas emissions. However. the circumstances
surrounding climatc change creates a complicated and politically volatile situation for policy-makers who
must dcal with complex and uncertain scientific issues and develop policics that potentially affect multiple
cconomic scctors. including encrgy. transportation. agriculture. industry. and forestry. This guidance
document is intended to help states evaluate these complex issuc and develop response strategics that
address their distinet situations. EPA's objective is to assist cach state in formulating a realistic State
Action Plan for addressing greenhouse gas cmissions.

This document represents the sccond phase in EPA's State and Local Outrcach Program.  The first
phasc produccd the State Workbook: Methodologies for Estimating Greenhouse Gas Ibmissions. which
contains a sct of guidelines and methodologics for states to use to compile an inventory of their greenhouse
gas cmissions and sinks. ldentifving emission sources and sinks and compiling an inventory is a critical
first step in building a comprehensive and long range state action plan. The State Workbook 1s available
through EPA's Office of Policy. Planning and Evaluation. Office of Economy and Environment.!

As follow-on to the Phasc | matenals. the States Guidance Document: Policy Options for
Reducing Greenhouse Gas Emissions provides a framework and supporting information to assist policy-
makers in further understanding the issucs associated with climate change and in identifving and cvaluating
options to mitigatc cmissions identificd during the inventory process. The document presents background
information particularly rclevant at the state level and cxamines emissions forecasting. sctting goals and
policy cniteria. policy ¢valuation. and organizational and political issucs. It also offcrs suggestions on how
climate change mitigation programs can concentrate on reducing cmissions where the greatest opportunitics
¢xist within cach individual statc. To support this. a comprchensive survey of technical approaches and
policy options for addressing cach greenhouse gas source is provided.

The information presented here should help states compile a practical and comprehensive State
Action Plan for addressing greenhouse gas emissions. This State Action Plan will lay out the institutional
and policy structure. including specific policy proposals or planning processcs. that cach state will use to
develop and implement its climate change mitigation program.

While providing extensive guidance for program development. this document is not intended to lead
states explicitly through the detailed steps of climate change policy: formulation. Such policy formulation is
a process that depends critically on local cconomic. social. technical. and political circumstances. States
may also wish to consider potential adaptive responscs to the probable cffccts of climate change. This

! The Phasc | State 1'orkbook provides worksheets for calculating greenhouse gas cmissions by source category.
accompanicd by dctailed explanations of the formulas and mcthodologics used. alternative approaches statcs may
considcr. data on regional cmissions characteristics. and references to additional information.



document is. however. intended to supplement state cfforts in a complex ficld by providing information.
resources. and references that highlight and help clarify the most crucial policy and organizational issucs.

1.2 ORGANIZATION OF THE DOCUMENT

This document is divided into three parts. which are structurcd in the form of scquential stages that
statcs mayv pursuc in developing State Action Plans. Each part reflects a different aspect of climate change
program dcsign. Part I presents an overview of information and proccdures that policyv-makers should
consider hefore developing explicit programs in this ficld. Part I describes technical and policy
approaches for reducing the concentration of greenhouse gases in the atmosphere. Part 1 discusscs the
structuring and administration of climatc change programs.

Each of these three parts of the document. which are summarized in more detail below. is
subdivided into chapters. The chapters address more discrete components of climate change policy
formulation and arc designed to be referenced independently. Consistent with the general theme that policy
formulation in this ficld is a dyvnamic process that incorporates various interconnected issucs. cach chapter
cross-references information in other scctions of the document where appropriate.  All the chapters
maintain a common focus on how statcs can plan greenhouse gas policics around distinct local
cnvironmental. cconomic. and political situations.

Part I: Initiation of Climate Change Programs

Part I. which includes Chapters 2 through 4. presents information to help state policyv-makers
cstablish a focal point the initiation of climate change programs. As discusscd throughout the document.
climatc change and greenhouse gas emissions and sequestration span many sectors of socicty and extend far
into the futurc. Furthermore. policy measures to address greenhouse gases overlap with many other public
policy objectives. often in a complementary way. The chapters in Part [ present background information
and planning mechanisms for sorting through this complex policy arcna and developing a clear focus for
policy formulation.

Chapter 2. Background on Climate Change Science and Policy. provides scientific and policy
background information on climate change issucs as they affect states. It includes an introduction to
grcenhouse gases and to the probable impacts of climate change at the state and local level. summanzes
climate change policy initiatives around the world. and highlights the importance of state level action. To
help states envision their role in confronting this complicated issue. this chapter integrates these scientific
and policy issucs. along with important time frame concems. into a gencral framework for climate change
policy analyvsis that scrves as a basis for State Action Plan formulation.

Chaptcr 3. Measuring and I'orecasting Greenhouse Gas Emissions. summanzes the
mcthodologics for cstimating cmissions that were presented in EPA's Phase 1 greenhouse gas inventory
document. described above. This chapter also explains how these methodologics can serve as a basc for
forccasting the impact of various altcrnative policy options throughout future time periods.

Chaptcr 4. Istablishing Ibmission Reduction Program Goals and Evaluative Criteria. examings
goal sctting in climate change program development. It highlights the practical and political differences
between setting quantitative and qualitative emission reduction targets and emphasizes the importance of
cstablishing specific criteria for evaluating policy options over a range of time frames.



Part 11: Technical Approaches and Policy Options for Reducing Greenhouse Gas Emissions

Part I1. which includes Chapters 5 and 6. describes the specific sources and sinks of greenhouse
gascs across all scctors of socicty and highlights numerous emission reduction policy options. The chapters
in Part Il should be used as a reference tool for lcaming about how greenhouse gascs are generated and for
compiling a portfolio of policy options that can be further investigated and. potentiallv. implemented.

Chapter 5. Technical Approaches and Source-Specific Policy Options. contains a scparate section
on scventeen greenhouse gas sources and sinks. Each scction describes how the source gencerates gascs or
the sink scquesters them. and discusses the technical approaches that government agencics can usc to
reduce source-cmissions or increase sequestration. The scctions also claborate on potential policy options
that statcs might usc to implement thosc technical approaches. and how these options may interact with
other statc policy objectives. This chapter emphasizes the range of policy options that arc unique to a
particular sourcc or sink.

Chapter 6. C'ross Cutting Policy Options. describes policy approaches that offer promise for
rcducing cmissions from various sources simultancously. These approaches highlight how innovative
government action tailored to particular situations can substantially affect greenhouse gas cmissions and
can potentiallv promote other public sector goals as well. In presenting policy ideas. this chapter references
the technical information in Chapter 5 extensively.

Part I11: Program Development and State Action Plan Preparation

Part I11. which includes Chapters 7 through 9. addresscs organizational and analvtical topics
rclating to climate change program design and offers guidance in preparing the State Action Plan.
Programs that arc structured to support flexible sclection and cvolution of policics will maintain a stronger
and morc dyvnamic link with overall state policy objectives. This flexibility is especially relevant because of
the diversity of political circumstances surrounding climate change and the changing state of scicentific and
tcchnical knowledge in this ficld. The chapters in Part 111 draw on state ¢xperiences and current rescarch to
present mechanisms states can use to cvaluate options and to structure flexible and responsive programs in
an uncertain policy environment.

Chapter 7. Climate Change Program Development. addresses institutional. administrative. and
political issucs that can affcct the success of climate change mitigation cfforts. This information highlights
how states can anticipate issucs that may arisc during the process of program design and presents ideas on
how programs might be structured to deal with these concems.  Specific topics include time frame
perspectives in policy planning. understanding the important public and private scctor actors in this ficld.
political issucs in program development. program finance. and intcraction between agencies within the state
and at the local and national level. The topic of partnerships between state agencices is extremely important
within the context of this chapter.

Chapter 8. Ivaluating Policy Options. cxaminges altemative approaches to balancing cmissions.
costs. and other policy impacts. It summarizes the methodologics states might use to ¢valuate cmission
control policics. and introduces models for analvzing the complicated interactions between varous factors.
This chaptcr also discusscs analvtic constraints. such as uncertainty and multiple time-frames for planning.
This information illustrates the range of issucs states should consider when cvaluating policics and is not
intended to suggest any specific approach.



Chaptcr 9. Guidance on State Action Plan l'ormulation. offcrs a framework and modcl for
developing the State Action Plan on climate change mitigation.

Exhibit 1-1 illustrates the structure of the document and the primary contents of cach chapter.
While the document presents policy formulation as a sequential process. the information and concepts
presented in cach of the chapters may need to be referenced at different times throughout program
development.

Exhibit 1-1
Structure of Document

Part I: Initiation of Climate Change Programs

Chapter 2 Chapter 3 Chapter 4
Climate Change Primer Measuring Emissions Setting Goals and Criteria
— Scientific Background — Current Emissions — Examples from States

— Policy Context — Future Emissions — Complexities
— Policy Framework - Sample Criteria

Part Il: Technical Approaches and Policy Options

Chapter 5
Seventeen Greenhouse Gas
Sources and Sinks

— Technical Approaches
— Administrative Issues
— Policy Options

Chapter 6
Cross Cutting Issues

Part lll: Program Development and State Action Plan Preparation

Chapter 7 Chapter 8 Chapter 9
Program Development Evaluating Policy Options Sate Action Plan Formulation
—Time Frame Issues — Analytic Complications — Imporiant Components
- IFr’nponarg Actors — Emissions, Costs — Example/Model
— Political Considerations — Other Impacts
— Coordinating Programs .

_ Finance ng rreg —T;ools and Methodologies -




PART I

INITIATION OF CLIMATE CHANGE PROGRAMS

The following three chapters address issucs that policy-makers should consider and understand at
the outsct of climate change program development. These chapters advocate formulation of a strong and
deliberate program focus. They are intended to help states gather information. envision the climate change
policy context. and anticipate and prepare for critical issucs that are likely to arisc during program
development.

o  Chapter 2. Background on Climate Change Science and Policy. presents background
information on climatc change science. intemational. national and state responscs to climate
change. and a gencral framework for policy analyvsis and program development.

e Chaptcr 3. Measuring and I'orecasting Greenhouse Gas Emissions. highlights how statcs can
mcasurc greenhouse gas cmissions and anticipate the probable impact of various policy
options.

e Chaptcr 4. Istablishing Imission Reduction Program Goals and Evaluative Criteria.
discusscs the importance of sctting clear and feasible program goals. and offers examples of
specific policy ¢valuation critcria that states can usc.

This information scts the context for Part 11, which discusses specific technical approaches and
policy options for reducing greenhouse gas emissions. and Part 111, which claboratcs on organizational.
political. and analvtic complexitics surrounding climate change policy sclection and program development.



CHAPTER 2
BACKGROUND ON CLIMATE CHANGE SCIENCE AND POLICY

Initiating climate change response programs requires a basic understanding of the underlving
scicntific. technical. organizational. and political 1ssucs. The purpose of this chapter is to familianze
policyv-makers with the current scientific understanding of global climate change and to sct the broader
policy context for greenhouse gas reduction measures. The first scction of this chapter introduces the
grcenhouse cffect and the changes in climate expected to result from increasing atmospheric concentrations
of greenhousc gases. The sccond scction describes international and national responsces to climate change
and identifics the role of states in mitigating this threat. The third section presents a framework for climate
change policy analvsis that provides the structure for the remainder of this document and the basis for
climate change program development. The final section uses an example of comprehensive policy planning
to illustratc many of th¢ points madc throughout this chapter.

2.1 INTRODUCTION TO CLIMATE CHANGE

The Earth's climate is the result of a complex svstem driven by many factors. including radiant
cnergy from the sun. volcanic activity. and other natural phenomena. Human activitics. specifically those
that result in emissions of greenhouse gascs. may affect this complex svstem and alter the Earth's climate.
While the atmosphere's natural greenhouse effect is relatively well understood. uncertaintics surrounding
the cffccts of increasced concentrations of greenhouse gases still exist. This scction describes the scientific
and technical aspects of climate change and the impacts which may result at both global and regional
levels.

2.1.1  Scientific and Technical Aspects of Global Climate Change

The climate of the Earth is affected by changes in radiative forcing attributable to scveral sources
including the concentrations of radiatively active (greenhouse) gascs. solar radiation. acrosols. and albedo.'
Greenhousce gases in the atmosphere arc virtually transparent to sunlight (shortwave radiation). allowing it
to pass through the air and to heat the Earth's surface. The Earth's surface absorbs the sunlight and cmits
thermal radiation (longwave radiation) back to the atmosphere. Because some gascs. such as carbon
dioxide (CO»). arc not transparent to the outgoing thermal radiation. some of the radiation is absorbed. and
heats the atmosphere. In tum. the atmosphere cmits thermal radiation both outward into space and
downward to the Earth. further warming the surface. This process cnables the Earth to maintain cnough
warmth to support lifc: without this natural "greenhousce effect.” the Earth would be approximately 33° F
colder than it is today. However. increasing concentrations of these greenhouse gascs are projected to
result in increased average temperatures. with the potential to warm the planct to a level that could disrupt
the activitics of todayv's natural svstems and human socictics.

Naturally occurring greenhouse gascs include water vapor. carbon dioxide. methane (CHy). nitrous
oxide (N»O). and ozonc (03).” Some human-madc compounds — including chlorofluorocarbons (CFCs).

' Albedo is the fraction of light or radiation that is reflected by a surtace or a body. For example. polar ice and cloud cover increase the Farth's albedo.
"Radiative foreing” refers to changes in the radiative balance of the Earth. r.c.. a change in the existing balance between incoming and outgoing
radiation. This balance can be upset by natural causes. ¢.g.. voleanic eruptions, as well as by anthropogenic activities. ¢.g.. greenhouse gas emissions.
* Ozone exists in the stratosphere and troposphere. In the stratosphere (which starts about & 4 miles above the Earth's surface). ozone provides a
protective laver shielding the Earth from ultraviolet radiation and subsequent harmtul health eftects on humans and the environment. In the
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partially halogenated fluorocarbons (HCFCs). hvdrofluorocarbons (HFCs). and perfluorinated carbons
(PFCs) — arc also greenhouse gases. In addition. there are photochemically important gases such as
oxides of nitrogen (NOy) and nonmethanc volatile organic compounds (NMVOCs) that. although not
greenhouse gasces. contribute indirectly to the greenhouse cffect by influencing the rate at which ozone and
other greenhouse gases are created and destroved in the atmosphere.

Greenhouse gases are emitted by virtually all cconomic sectors. including residential and
commgrcial energy usc. industrial processes. clectricity gencration. agriculture. and forestry.  Exhibit 2-1
contains a bricf description of these gascs. their sources. and their roles in the atmosphere.” Exhibit 2-2
discusscs how the potential warming cffects of these gases are usually expressed using a common scalc.
viz.. global warming potential. Figure 2-1 presents a summany of U.S. greenhouse gas emissions. by gas.
weighted by global warming potential. Later in this document. Chapter 3 provides a complete list of
cmission sources and Chapter 3 claborates on the emission characteristics and options for addressing
cmissions from cach source.

2.1.2  Potential Impacts of Global Climate Change

Although CO». CHy. and N»O occur naturally in the atmosphere. rising levels of these gascs in the
atmosphcre arc attributcd mainly to anthropogenic activitics. This buildup has altcred the composition of
the carth's atmosphere. and possibly will affect the future global climate. Since about 1730, atmospheric
concentrations of carbon dioxide have increased by about 30 percent. methane concentrations
haveincreased by 143 pereent. and nitrous oxide concentrations have risen approximately 135 percent
(IPCC. 1996). And. from the 1950s until the mid-1980s. when international concern over CFCs grew. the
use of these gascs increased ncarly 10 percent per vear. The consumption of CFCs is declining quickly.
however. as these gases are phased out under the Montreal Protocol on Substances that Deplete the Ozone
Layer? Usc of CFC substitutes. in contrast. is cxpected to grow significantly.

Estimating the potential impact of increasing greenhouse gas concentrations on global climate has
been a focus of rescarch within the atmospheric scicnce community for more than a decade. While there is
considcrable agreement within the scientific community that “climate has changed over the past century.”
and that “the balance of cvidence suggests a discernible human influence on global climate.” (IPCC. 1996).
there is much less agreement about the timing. magnitude. or regional distribution of any climatic change.
Uncertaintics about the climatic roles of occans and clouds as well as the feedback cffects of occans.
clouds. vegetation. and other factors make it difficult to predict with certainty' the amount of warming that
rising levels of greenhouse gases will cause. Current ¢vidence from climate model studics. however.
suggests that by 2100. global average surface temperature will increase by 1.8

troposphere (from the Earth's surtace to about .4 miles above). ozone is a chemical oxidant and major component of photochemical smog. Most
ozone is found in the stratosphere, with some transport oceurring to the troposphere through the tropopause (the transition zone separating the
stratosphere and the troposphere) (IPCC. 1992).

' For convenienee. all gases discussed in this document are generically reterred to as “greenhouse gases.” although the reader should keep in mind the
distinetion between actual greenhouse gases and photochemically important trace gases.

' Recognizing the harmtul effects of chlorofluorocarbons (CFCs). halons. and other compounds on the stratospheric ozone laver. many governments
signed the Montreal Protocol on Substances that Deplete the Ozone Laver in 1987 This agreement limits the production and consumption of a
number of these damaging compounds. s of June 1997, more than 160 nations are Parties to the Montreal Protocol. 'The US expanded its
commitment to phase out these substances by signing and ratitving the Copenhagen Amendments to the Montreal Protocol in 1992, Under these
amendments. the US committed to eliminating the production of all halons by January 1. 1994, all CFCs by January 1. 1996, and all HCFCs by
January 1. 2030.
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Exhibit 2-2: Global Warming Potential (GWP)

The potential contribution to radiative foremg of the various greenhouse gases differ dramatically.  Accurately
calculating the amount of radiative forcing attributable to given levels of emissions of these gases, over some tuture
time horizon, requires a complex and time-consumig task of calculating and integrating changes m atmospheric
composition over the period. For policy purposes, the need 1s for an index that translates the level of emissions of
various gases mto a common metric n order to compare the chmate forcing effects without directly calculating the
changes n atmosphene concentrations (Lashof and Tirpak. 1990). This information can be used to calculate the cost-
ceffectiveness of alternative reductions. e.g.. to compare reductions in CO» emissions with reductions i CHy emissions.

A number of approaches. called Global Warming Potential (GWP) indices, have been developed n recent vears.
These mdices account for the direct etfects of carbon dioxide (COy), methane (Cly). chlorotluorocarbons (CICs),
nitrous oxide (N>O). hyvdrotluorocarbons (HECs), and pertluorinated carbons (PFCs). They also estimate indirect
etfects on radiative torcing due to emissions of gases which are not themselves greenhouse gases. but lead to chemical
reactions that create or alter greenhouse gases.

The concept of global warming potential, which was developed by the Intergovernmental Panel on Climate Change
(IPCC), compares the radiative foremg eftect of the concurrent emission into the atmosphere of an equal quantity of’
COy and another greenhouse gas.  Each gas has a different instantancous radiative forcing effect.  In addition,
cmissions of different gases decay at different rates over time, which aftects the atmospheric concentration. In general,
COy has a much weaker mstantancous radiative effect than other greenhouse gases: 1t decays more slowly, however,
and hence has a longer atmospheric lifetime than most other greenhouse gases. While there 1s relative agreement on
how to account tor these direct eftfects of greenhouse gas emissions, accounting for indirect eftects 1s more problematic

GWPs are used to convert all greenhouse gases to a COj-equivalent basis so that the relative magnitudes of
different quantities ot difterent greenhouse gases can be readily compared. The GWP potential will be an important
coneept for states in determining the relative importance of cach of the major emissions sources and i developing
appropriate mitigation strategies. A more detailed discussion on the development of GWPs can be found i the Phase |
document. Srates Workbook: \Nethodologies for lstimating Greenhouse Gas missions.

to 6.3 © F. with a best estimate of 3.6° F (IPCC. 1996). Global warming of just a few degrees would
represent an cnormous change in climate. For example. at the height of the last ice age. when glacicrs
covered the Great Lakes and reached as far south as New York. the global average temperature was only 3
to 99 F colder than todayv (Hodges-Copple. 1990).

The impact of global climate change in various geographic arcas and on various scctors of the
world cconomy could be significant. Coastal arcas arc ¢specially vulnerable. A recent EPA study (Titus
and Naravanan 1993) projccts that. in responsc to climate change. global sea fevel is most likely to nise 15
centimeters by the vear 2030 and 34 centimeters by the vear 2100. As global sca level rises. coastal arcas
in the US (particularly wetlands and lowlands along the Gulf and Atlantic coasts) arc being inundated.
Adverse impacts in these arcas include loss of drvland and associated structures. loss of wetland and
wildlifc habitat. accelerated coastal crosion. ¢xacerbated flooding. and increascd salinity of rivers. bavs.
and aquifcrs (USEPA 1997).

Higher sca levels could also contaminate fresh water aquifers. which would increasc the costs of
fresh water supply cither through deeper well drilling or importation of water from inland supplics. Sca
level nise could also raise water tables in low Iving coastal arcas. which would incrcase flood damage.
impede drainage. and reduce the cffectivencss of sewage disposal facilitics (Lesser ct al.. 1989). This
impact could also place additional stress on infrastructure such as roads and bridges.

* Storm surges refer to the Hlooding induced by wind stresses and the barometric pressure reduction associated with major storms.



Figure 2-1

Climate change could have other o .
U.S. Greenhouse Gas Emissions and Sinks: 1994

impacts on wafer resources. as well,
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N Source: U.S. EPAL 1995
flows. lake levels. and ground\\'atcr Note: MMTCE stands tfor million metrie tons of carbon equivalent.
availability. The resulting impacts on
socicty could include insufficicnt water for
navigation: lower production of
hydroclectric power: impaired recrcational opportunitics along rivers and lakes: poorer water quality: and
decrcased availability of water for agriculture. residential. and industrial uscs. At the same time. warmer
temperatures are likely to reduce soil moisture. which would increase the need for irrigation watcr.
Increased water availability would gencerally have the opposite cffects (USEPA 1997).

*Sinks are not included here

Climate change may also affect ccosystems. with impacts on commercial forestry. agriculture. and
recrcational and other uses of natural svstems. J-orests arc likely to be affected in terms of their geographic
distribution. spccics composition. and growth. Some arcas that currently support forcsts may no longer be
ablc to do so. whilc other arcas that are not now forested could potentially support forests in the future. As
with other predictions of climate change cffects. there is considerable uncertainty in the impact cstimates
for forcsts. and results vary depending on assumptions made regarding forest tyvpe. region. climate
projections. water availability. and the effect of higher carbon dioxide concentrations (USEPA 1997).
Estimates also differ depending upon whether they address the transient period during which forests adjust
to a change in climatc or an ¢cquilibrium period after adjustments are completed. During a transient phase
of adjustment to climate change. forests (particularly softwood forests in the southcast US) may suffer
diminished productivity and dicback. The transformation of forests is a slow process during which current
trees and other vegetation dic and are succeeded by new vegetation. specics migrate to sites with newly
suitable climates. and soils develop. This transient or adjustment phasc is ¢xpected to last decades to
centurics after the climate ceases to change and has reached a new steady state. After forests are fully
transformed and in cquilibrium with a new and stable climate. forests in many arcas of the US may be more
productive than current forests and may expand in arca (USEPA 1997).

Agriculture. always scnsitive to climatic changes. is expected to be affected by global climate
changes. Yiclds of many crops are likely to be affected by changes in average temperatures and
precipitation as well as by changes in climate vanability and the frequency of droughts and floods (USEPA
1997). Climate change may also affect availability of irrigation watcer. the prevalence of pests. and soil
crosion. Incrcased CO2 levels may increase vields (the ~CO? fertilization ¢ffect™). Most projected impacts



in the agriculture scctor involve considerable uncertainty: different assumptions gencerate very different
results that range from nct benefits to net losscs for US agriculture.

Existing studics suggest that the impacts on US agriculture will be modest in aggregate. Studics
indicatc that a doubling of CO2 would change US agncultural production by a few pereent. Total ¢cconomic
welfare changes arc estimated to be within a range of plus or minus two percent. Projected nationwide
impacts range from annual benefits of $10 billion to annual losscs of $18 billion (USEPA 1997). Rcgional
conscquences could be greater in relative terms: there will be winners and loscrs. Climate change will
increase production and cconomic welfare in some locations and decrease it in others. Under some
scenarios. some regions could sce losses of more than 10 pereent while other see gains of more than 235
pereent. When aggregated across regions. the gains and losses offsct cach other to produce a relatively
small net impact.

Onc of the kev regional-scale predictions is that production of some crops may migrate. As climate
changes. some crops may expand into new regions and decline or disappear in some parts of their current
range. The southemn agricultural regions may be more vulnerable to adverse impacts.

Finally. rcgardless of a statc's landscape or geological features. increased summer temperatures are
expected to affect human health. In a wamer world. the frequency and intensity of extremely hot davs are
cxpected to increase. and would likely result in significant increases in annual weather-related mortality in
US citics (USEPA 1997). Increased warmth and moisture may ¢nhance the transmission of discascs by
mosquitocs. ticks. and other insccts. Climatic impacts on marine ccosyvstems may lead to increascs in toxic
algac specics. contaminated scafood. and cases of scafood poisoning. Furthcrmore. increases in the
persistence and level of air pollution ¢pisodes associated with climate change may have adverse health
cffects (Smith & Tirpak. 1989).

While scientists cannot predict the magnitude of climate cffects from greenhouse gas emissions
with absolute precision. the decision to limit emissions cannot wait until the full impacts are cvident.
Because greenhouse gascs. once emitted. remain in the atmosphere for decades to centurics. stabilizing
cmissions at current levels would still allow the greenhouse cffect to intensify for more than a century
(Lashof and Tirpak. 1990). Thus. our cmissions today have committed the planct to climate change well
into the 2 1st century. Delaving control measures will increase this "global warming commitment” still
further.”

2.2 POLICY CONTEXT FOR CLIMATE CHANGE MITIGATION

The scientific evidence indicates that continuing cmissions of greenhouse gascs are altering global
climate. In responsc. govemments at the international and national levels are taking action to reduce
cmissions of greenhouse gascs. Many individual states have also recognized the potential dangers that
global climate change presents to both current and future gencrations. This scction first describes
intcrnational and national r¢sponses to climate change and then discusses the role of states in addressing
this global concem.

2.2.1 Introduction to International and National Responses to Climate Change

® While this document coneentrates on policy formulation to reduce or stabilize greenhouse gas emissions in order to mitigate climate change. other
EPA and state research focuses on state-level adaptation to the significant impacts deseribed above should the greenhouse effect intensity,
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change.

The intcrnational community has coordinated cfforts to address the potential impacts of climate
particularly within the last decade. Some of the more important ¢vents are described below.

Villach and Bellagio Workshops: The Villach workshop assessed the role of carbon dioxide and
radiatively active constituents undcer various climate scenarios and asscssed the potential impacts
undcr cach. The goal of this workshop was to provide a technical basis for a subscquent policy
workshop in Bellagio. Italy.

The Montreal Protocol on Substances That Deplete the Ozone Layer: In response to growing
intcrnational concern about the role of CFCs in destroving stratospheric ozone. 47 nations reached
agreement on a sct of CFC control measures in Scptember 1987, The control measures. known as
the Montrcal Protocol on Substances that Deplete the Ozone Laver. laid out a schedule of
production and consumption reductions for many CFCs. In June 1990 the Partics to the Protocol
agreed to a complete phascout of CFCs and other ozonc-depleting substances (ODSs) (this
agreement 1s known as the London Amendments). In November 1992 Partics accelerated the
phascout schedule for ODSs and agreed to phascout dates for HCFCs. which are CFC substitutes
in many current applications (this agreement is known as the Copenhagen Amendments). As of
Junc 1997, over 160 countrics had ratified the agreement.

Toronto Conference: This intcmational conference focused on the implications of climate change
for world sccurity and cstablished a goal for industrialized countrics to reduce carbon dioxide
cmissions by 20 percent of 1988 levels by 2005, It was attended by more than 300 policy-makers
and scicntists from 48 countrics.

The Intergovernmental Panel on Climate Change: Under the auspices of the United Nations
Environment Program (UNEP) and the World Mctcorological Organization (WMO). the
Intergovernmental Pancl on Climate Change (IPCC) was formed in 1988 to conduct studics on
global warming. Efforts undertaken include identifving emission sourcces. assessing possible
conscquences. and developing mitigation strategics.

The International Geosphere Biosphere Program: This program was cstablished through the
Intemational Council of Scicntific Unions in 1988 to facilitatc understanding the present state of
the carth and the potential impacts of global climate change. This extensive program maps recent
global deforestation. produces documents on climate and atmospheric changes. and combinces
spacc-based scrutiny of climate change with extensive surveyvs of land and sca.

Noordwijk Conference on Atmospheric Pollution and Climate Change: The final declaration at
this conference encouraged the IPCC to include in its First Asscssment Report an analyvsis of
quantitative targets to limit or reduce CO2 emissions. and urged all industrialized countrics to
investigate the feasibility of achicving such targets. including. for example. a 20 pereent reduction
of carbon dioxide emissions by the vear 2005, The Conference also called for assessing the
feasibility of increasing nct global forest growth by 12 million hectares per vear. During its Third
Plenary. the IPCC accepted the mandate.

Hague Declaration: This conference and Declaration (signed by 23 nations) established support
for new principles of international law. These principles promote the creation of standards to
guarantce protection of the world's atmosphere and combat global warming. The U.S. and Sovict
Union were not invited to the conference to avoid potential East-West policy conflict.

2-7



. Cairo Compact: The compact calls on afflucnt nations to provide developing countrics with the
tcchnical and financial assistance to address global climate change.

. United Nations World Climate Conference: The IPCC reported the findings of the IPCC Working
Groups to the United Nations (Scientific Asscssment. Impacts Assessment. and Responsc). The
IPCC report. adopted by the General Assembly. sct the stage for future intcrnational negotiations
on a framework convention on climate change.

. Intergovernmental Negotiating Committee (INC): On December 21, 1990, the U.N. General
Asscmbly established the INC to prepare an cffective framework convention on climate change.
containing appropriatc commitments and any related legal instruments as might be agreed upon.
The INC. supported by the WMO and UNEP. has convened for ten sessions sinee its formation.
The INC serves as the intemational mechanism to monitor and enforce the provisions of the United
Nations Framework Convention of Climate Change (FCCC). The INC is also currently
ncgotiating to adopt a framework to implement a joint implementation regime.7

. United Nations Conference on Invironment and Development (UNCED): On June 12. 1992, at
UNCED (the Earth Summit) in Rio de Janciro. 134 nations. including the U.S.. signed the UN.
Framework Convention on Climate Change. The Convention contains a legal framework that
commits the world's governments to voluntary reductions of greenhouse gasces. or other actions
such as enhancing greenhouse gas sinks. aimed at stabilizing atmospheric concentrations of
greenhouse gases at 1990 levels. To facilitate this. Article 4-1 requires that all partics to the
FCCC develop. periodically update. and make available to the Conference of the Partics. national
inventories of all anthropogenic emissions of greenhouse gascs not controlled by the Montreal
Protocol. using comparable mcthodologics. In October 1992, the U.S. became the first
industrialized nation to ratifv the Treaty. which came into force on March 21. 1994, The
Convention also contains other binding agreements related to its establishment. support. and
administration.§

o Bilateral Sustainable Development Accord Between Costa Rica and the U.S.: On September 30,
1994 the U.S. and Costa Rica signed a bilateral accord intended to facilitate developing joint
implementation projects. These projects are intended to encourage the use of greenhouse gas-
reducing technologics (including energy cfficiency and renewable encergy technologics): develop
cducational and training programs: diversify energy sources: conserve. restore. and enhance forest
carbon sinks (cspecially in arcas that promote biodiversity conscrvation and ccosystem protection):
rcduce greenhouse gas emissions and other pollution: and promote the exchange of information
rcgarding sustainable forestry and energy technologics. This accord should provide the basis for
future similar arrangements between countrics and contribute to establishing an intemational joint
implementation regime that is sensitive to environmental. developmental. social and cconomic
prioritics. The¢ accord is intended to encourage partnerships involving the federal government.
private scctor. non-governmental organizations. and other interested entitics.

o 1995 Iirst Conference of the Parties: The INC was dissolved in Februan 1995, and the
Conference of the Partics (COP) became the new ultimate authority of the FCCC. During the first

" The coneept of “joint implementation” (J1) was introduced carly in the negotiations leading up to the 1992 Earth Summit in Rio. and was formally

two or more countries. leading to the implementation of cooperative development projects that seek to reduce or sequester greenhouse gas emissions.,
* To fulfill its obligation under the FCCC Article 4-1. the US. government published the /nventory of 1S, Greenhouse Gas missions and Sinks:
1990-1993 (U.S. EPAC1994). The US. also published the Climate Action Report (US. Government. 1994). in accordance with Article 4-2 and 12.
The Climate Action Report provides a deseription of the U8, climate change program.
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Conference of the Partics in Berlin from March 28 - April 7. 1995 (COP-1). dclegates agreed on a
mandatc to cstablish appropriate action for the period bevond the vear 2000, including stronger
commitments from developed countrics. They formed an Ad hoc Group on the Berlin Mandate
(AGBM) to begin work on this process.

o Ad hoc Group on the Berlin Mandate: At its first scssion in Geneva. held from August 21 - 25,
1995. delegates to AGBM -1 began the process of drafting a protocol on new commitments for the
post-2000 period. The AGBM has met 3 times since then. and has begun making specific
proposals for new reduction targets and stratcgics for both industrialized and developing countrics.

o 1996 Second Conference of the Parties: COP-2 met in Geneva from July 8 - 19, 1996 and
endorsed the “Geneva Declaration.”™ which calls for legallv binding objectives and significant
reductions in greenhouse gas emissions. For the first time. the US agreed to support a legally
binding agrcement to fulfill the Berlin Mandate being developed by AGBM.

o 1997 Third Conference of the Parties: COP-3 met in Kyvoto. Japan in December 1997, where the
partics agreed to an historic protocol to reduce global greenhouse gas emissions and sct binding
targcts for developed nations. (For example. the binding cmissions target for the U.S. is 7% below
1990 emissions lcvels.) The Kvoto Protocol sceks to achicve targets on all six major greenhouse
gases by 2008-2012: intemational cmissions trading is included as a compliance option. The
partics will meet again at Buenos Airces in November 1998 where the U.S. will attempt to sccure
mcaningful participation by developing countrics.

In the negotiations that led to the FCCC. the United States "supported an approach to global action
that focuscd on the development of national policics and measures to mitigate and adapt to climate change.
rccognizing that only concrete actions will enable the world community to effectively address climate
change. and that mcasurcs and policics must be rooted in specific national circumstances and fashioned
from a comprchensive sct of options addressing all sectors. sources. and sinks of greenhouse gases” (U.S.
DOS. 1992). To fulfill this goal. the United States has undertaken actions to address climate change.
including scientific and cconomic rescarch. policy analvsis. and program development. Thesce actions
culminated in the release of the Climate Change Action Plan (CCAP) by the Clinton Administration in
October. 1993 . The CCAP presents the U.S. strategy for reducing greenhouse gas emissions to 1990
levels by the vear 2000. Neither the measures initiated in 1993 nor the additional actions developed since
then will likely be adequate to meet the emissions goal enunciated by the President. but they have
significantly reduced emissions below growth rates that othenwvise would have occurred. The analvsis used
to develop CCAP significantly underestimated the reductions that would be needed to retum cmissions to
1990 levels by the vear 2000. Lower-than-cxpected fucl prices. strong cconomic growth. improved
information on cmissions of some potent greenhouse gases. and diminished levels of funding by Congress
arc among the factors responsible for the need to revise the CCAP goals. Based on current funding levels.
the revised action plan is expected to reduce emissions by 76 million metric tons of carbon cquivalent
(MMTCE) in the vear 2000. or 70 percent of the reduction projected in the CCAP. Annual energy cost
savings to busincsscs and consumers from CCAP actions arc anticipated to be $10 billion (1993 dollars) by
the vear 2000. Even greater reductions are estimated from these measures in the post-2000 period:
reductions are projected to be 169 MMTCE in 2010, and 230 MMTCE in 2020. Annual energy savings
ar¢ projected to grow to $30 billion (1995 dollars) by the vear 2010,

Also at the national Ievel. the Department of Encrgy has released a sct of draft guidcelines for
cntitics to voluntarily report their reductions of greenhouse gas emissions and fixation of carbon. achicved
through any mcasure. The purposc of these guidelings is (1) to provide a databasc of information for



entitics sceking to reduce their own greenhouse gas cmissions: (2) to establish a formal record of emissions
and ¢mission reductions and carbon scquestration achicvements: and (3) to inform the public debate in
futurc discussions on national greenhouse gas policy.

The CCAP and other U.S. actions ar¢ the outgrowth of morc than $2.7 billion in global change
rescarch conducted since 1990 (U.S. DOS. 1992). This rescarch includes a varicty of multinational
scientific projects. For example. the U.S. Global Change Rescarch Program coordinates rescarch of the
EPA. th¢ National Acronautics and Space Administration (NASA). the National Occanic and Atmospheric
Administration. the National Science Foundation. and the Departments of Encrgy. Agriculture. Interior.
and Decfense. The objectives of the Rescarch Program are to cvaluate and further current rescarch activitics
in the U.S. that address scicentific questions concerning global climate change. to define future rescarch
nceds. and to establish federal agency roles. The Rescarch Program is also intended to develop national
and intcmational partnerships between governmental bodics. the academic science community. and the
private rescarch scctor to achicve long-term scicntific goals. Much of this rescarch has focused on steps to
strengthen the ability of cconomic. social. and ccological systems to adapt to adverse change: concrete
mcasurcs to mitigate the nisk of future climate change through greenhouse gas reduction measures:
aggressive rescarch to improve understanding of climate. climate change. and potential responses: and
intcrnational coopcration to broaden the global effort in cach of these arcas.

To foster international cooperation. the (limate Change Action Plan makes provisions for
reducing emissions intcmationally through the U.S. Initiative on Joint Implementation (U.S. II). U.S. U1
is a voluntary pilot program that contributes to the intcmational knowledge base regarding joint
implementation. through projects demonstrating a range of approaches for reducing or scquestering
greenhouse gas emissions in different geographic regions. U.S. U provides public recognition and sclected
tcchnical assistance to approved projects. These projects contribute to cmissions reductions by promoting
technology cooperation with and sustainable development in developing countrics and countrics with
cconomics in transition. As of July 1997, 26 projcct proposals have been accepted by USHIL

Many individual states and localitics have also initiated independent climate change responsces. At
the state level. 29 states have developed a state-level GHG inventory. and 20 states have developed or
committed to develop a state-level action plan to reduce GHG emissions. More than 20 states and more
than 80 citics and countics have joined Rebuild Amenca. a program which emphasizes energy cfficiency
improvements. thus reducing greenhouse gas emissions. Over 30 state government agencics and more than
120 local govermments have joined EPA’s Green Lights program. making a commitment to replace old
lighting fixturcs and bulbs with cnergy efficient lighting. thus reducing greenhouse gas cmissions.
Portland. Orcgon proposcs to reduce carbon dioxide cmissions from the Portland mctropolitan arca to 20
pereent below the 1988 level by the year 2010 (PEO. 1993). The Urban CO» Reduction Project. which is
a joint cffort between cities. highlights both the intemational collaboration needed to combat global climate
change as well as the key role local govemments can take in implementing solutions.

In addition to those deliberate cfforts to address climate change. many other recent state and local
actions have helped to reduce greenhousce gas emissions. These include initiatives in energy efficiency.
urban planning. transportation planning. forcst management. agricultural management. and other arcas.
For example. the lowa State Encrgy Burcau's Building Encrgy Management Program promotcs cost-
cffective energy management improvements in state buildings. schools. hospitals non-profit organizations.
and local government facilitics. The program covers measures designed to reduce energy consumption.,
including replacing lights and ballasts: replacing boilers and controls: improving heating and ventilation
controls: and improving insulation of roofs. walls. and pipcs. By reducing the demand for electricity. much
of which is gencerated from fossil fucl combustion. these measures reduce emissions of both greenhouse
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gascs and other air pollutants. The program also provides financial savings to a statc that imports 98
pereent of its energy and creates jobs (Wells. 1991). In Minnesota. more stringent energy standards have
been adopted for the new construction of residential dwellings and govemment offices. Oregon has
increased the weatherization standards in the construction of low income homes. New York has recently
cstablished a public-private partnership to encourage and support schools in making their facilitics more
energy cfficient (Lnergy Smart Schools). and Colorado has established the Colorado Green Program.
which assists builders and honors residents who construct homes that conserve natural resources and
incrcase encrgy cfficicncy. As in lowa. these programs reduce greenhouse gas cmissions and other air
pollutants (by lowering clectricity demand). while simultancously providing financial savings and
promoting cnergy security.

States arc also increasing the use of compressed natural gas (CNG) in state and municipal vehicles.
primarily school buscs and buscs used for public transportation. For examplc. in Mccklenberg County.
North Carolina all school buses have been converted to CNG vehicles. and in Marvland. the Department of
Transportation has replaced its fleet of dicsel fucl shuttle buses at BWI with 20 new CNG vehicles. Also
in Marvland. the govemor signed an exccutive order which formally expressed Marvland State
Govemment's commitment to improve air quality and to comply with the clean fucl provisions of the (fean
Air Act Amendments of 1990 (CAAA of 1990) and the Encrgy Policy Act of 1992 (EPAct). The order
cstablished an intcragency "Altemative Fucls Work Group” which is to cvaluate and recommend alterative
fucls for usc in statc flects. These types of programs provide cconomic and environmental bencfits bevond
climatc change mitigation. Similar activitics arc highlighted throughout this document.

2.2.2 Importance of State Action

On both a total and pcr capita basis. many statcs cmit carbon dioxide in amounts comparablc to
some of the highest cmitting countrics in the world. Although problems such as global warming nced to be
addressed through cooperative national and international cfforts. many of the critical responses can be
initiated locally. If the adverse cffects of climate change arc to be avoided. states will need to take an active
and immediate role in addressing greenhouse gas emissions. The section below presents several of the
forcmost rcasons that statcs may wish to take definitive action to reducce greenhouse gas emissions.

States retain much of the policy jurisdiction over emission sources.

States have the power to alter greenhouse gas emission patterns significantly through their
influcnce and authority over energy use. land usc. transportation. taxation. cnvironmental programs. and
other relevant policy arcas. Although some states have started to dercgulate some aspects of the utility
scctor. many state governments still hold direct regulatory authority over clectric and gas utilitics. which
arc responsible for one third of the current carbon dioxide cmissions (US EPA. 1993). In addition. statc
public utility commissions (PUCs) oversee decisions regarding the need for new generating capacity and the
choice of fuel mix. Many PUCs arc now requiring utilitics to include environmental considerations
explicitly in their decision making. The federal government docs not have jurisdiction over many of these
arcas.

States can also encourage local governments to revise or establish building codes and land use
rcgulations. Some local govermnments have implemented stringent energy efficiency requirements for new
housing. For example. two Califonia citics. Davis and Berkeley. require compliance with minimum
residential energy standards as a condition for the sale of a home (Randolph. 1988). The state's authority
to conduct land usc planning can also have a dramatic impact on ¢cmissions from the residential.
commgrcial. and transportation scctors. For example. several citics have undertaken large-scale trec-



planting programs to improv¢ air quality and lower summer temperatures. thereby reducing summer energy
nceds for air conditioning.

Other opportunitics for statc and local action to reduce greenhouse gas emissions include
management of landfills and regulation of existing stationary sources of air pollution. For example. state
and local programs to incrcase recyveling and source reduction of municipal solid waste management
promotc industrial cnergy savings from sccondary matenals manufacturing. reduce landfill methane
cmissions. and promotc forcst carbon scquestration(USEPA 1997b)).

The Climate Change Action Plan creates new opportunities for states.

The Climate Change Action Plan offcrs both opportunitics and support to statc action in a number
of scctors. For example. the federal government has made a commitment to promote integrated resource
planning (IRP) by utilitics. specifically including technical and financial assistance to statcs. Similar
opportunitics arc being fostered in the transportation. agriculture. and other scctors. The CCAP also
commits federal agencics to further link their programs to state and local initiatives.

States have the capacity for enacting "low risk” policies 1o address climate change.

States can implement many climate change mitigation measures that have immediate. non-climate
rclated benefits. This opportunity cnablces states to supplement existing policy goals with climate change
policics. For cxample. in addition to reducing greenhouse gas emissions. investments in energy cfficicncy
will lower energy bills of state residents and reduce emissions of local air pollutants. Promoting cnergy
cfficicney not only benefits the consumer. but may also provide for a stronger and more cfficient cconomy.
By saving cnergy costs in the production of goods. energy cfficicncy can improve the competitive position
of statcs in both national and intcmational markets. Encrgy efficiency provides increased energy and
cconomic sceurity by Iessening dependence on foreign oil and other fuel supplics (Schmandt ¢t al.. 1992).
Reforestation and urban tree programs not only scquester carbon but can also reducce cooling energy
rcquircments and acsthetically improve the urban and rural environment. Movement away from certain
fertilizers in agricultural practices may reduce problems of groundwater contamination from their
residucs.Composting agricultural crop wastes enhances soil fertility while reducing particulate emissions
and smoke. All these actions reduce greenhouse gas cmissions.

These types of measures often present little cconomic or political risk to policy-makers. Many
policics provide states with cconomic benefits regardless of any future changes in climate. For example.
the EPA's Green Lights Program encourages the use of encrgy cfficient lighting.  Encrgy cfficient measures
result in lower energy bills and the overall bencfits that socicty gains from such programs often outweigh
the total costs incurred. In addition. in most instances these policics carry little political risk because they
complement existing programs. For example. policics on greenhouse gas emission reductions in New York
arc generally framed in the context of state energy planning. New York's State Encrgy Plan was developed
jJointly by the State Encrgy Office. the Department of Environmental Conscrvation. and the Public Service
Commission. Togcther. these agencics developed energy policics to achicve environmental. energy. and
cconomic policy objectives. Thus. adopting low risk measures can not only result in multiple benefits. but
also ¢nhance cconomic and political feasibility.
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Many other "low risk" programs arc alrcady in place. For example:

o The Connecticut Department of Transportation has pioncered programs to increasc the use of
car pools. van pools. and public transportation. By assisting commuters to find altematives to
dnving alone. these programs reduce traffic congestion. pollution. and greenhouse gas
cmissions.

o The Georgia Governor's Office of Iinergy Resources is increasing energy and agricultural
cfficicncy by facilitating six programs targeted to crop. poultry. and livestock producers.
These programs conserve energy and save money in addition to reducing greenhousce gas
cmissions.

o The Missouri Department of Natural Resources has created a reforestation program designed
to reduce heating and cooling needs with stratcgic landscaping. to arrest soil crosion. ¢nhance
natural water filtration. and remove carbon dioxide from the atmosphere. The program
coordinator of this multifaccted project. called Operation TREE. must work to involve cvery
division of th¢ Department of Resources and encourage cooperation among other state agencics
(Weclls. 1991).

o The Alabama Broiler Litter Program. co-sponsored by the Science. Technology and Encrgy
Division of the Alabama Department of Economic and Community Affairs and the USDA's
Tennessee Valley Resource Conscrvation and Development Council. addresses energy
conscrvation. reduces the landfill waste strecam. promotes recveling. and improves agricultural
productivity. In this program newspaper is shredded and blown over the poultry house floor.
where it becomes matted and slick from droppings and moisture content. When the litter and
paper is gathered from the floor. it 1s spread on crops as fertilizer. or is mixed with feed and is
fed to livestock. The paper also acts as an insulator for the poultny house. thereby reducing
energy needs (Conservation Update. Scptember 1993).

o The Minnesota Department of Public Service, I-nergy Division has adopted new standards to
achicve higher levels of encrgy efficicney in new construction. These regulations will not only
decrease energy demands of consumers. but will also reduce consumers' overall energy bills
while simultancously reducing CO- cmissions through decrcased clectricity demand
(Conservation Update. July 1994).

o The Governor of Wisconsin signed a major energy policy directive that mandates state
agencics and local governments to implement the following prioritics when making energy
decisions: (1) encrgy cfficiency: (2) non-combustible renewable energy resources: (3)
combustiblc renewable energy resources: and (4) non-renewable combustible energy resources
(natural gas first. then oil. then coal with low sulfur content. and then other carbon-based
fucls) (Conservation Update. June 1994).

These measures demonstrate how states have alrcady implemented programs that address climate
change. and that action in this arca docs not place policy-makers on entircly new ground. Further. the
existence of such programs highlights coalition building as an important part of addressing climate-related
problems. since the responsibility for solving many environmental problems is often widely spread among
diverse state agencics (this issuc is discussed in greater detail in Chapter 7).



States will feel the impacts of climate change and will likely be called upon to address them.

Although climate is a growing concem. climate-related problems will ultimately affect local and
statc cconomic sources. Further. recent surveys indicate that public opinion supports a greater
cnvironmental consciousness. A growing number of Americans arc becoming "green consumers” and
"green voters." i.e.. they incorporate environmental considerations into their buving habits and political
choices (Cale ct al.. 1992). Thus. statc governments may face public and political pressure to respond to
climate change.

Because state govemments arc often more attuned to local public sentiment than are their federal
counterparts. the state planning process can incorporate localized public input and prioritics. Federal
agencies. however. must craft programs that cover larger regions of the country. As a result. state and
rcgional prioritics may be ovenvhelmed by national interests during federal planning. By initiating their
own programs. statcs can make adjustments according to their own needs. allocate resources as they see
appropriatc. and complement other state policy goals in wayvs that the federal government may not consider.

As greenhouse gas cmissions continue to emerge as an international and national priority. federal
policics and programs will also continuc to develop. States that have already started to plan accordingly
will experience the least social and cconomic disruption. By delaving the transition to a more energy
cfficicnt cconomy. for example. a state risks having to make rapid and disruptive adjustments in the future.
In addition. by acting now. statcs will influence future decisions at the national level.

Further. states have the opportunity to assume a lcadership role in the global climate change arcna.
The ten states with the highest carbon dioxide emissions cach produce more than the Netherlands. which
has taken a key role in promoting international agreements to curb climate change. Denmark would rank
315t among the states with respect to CO5 cmissions (Lashof and Washburn. 1990). Even states with
rclatively small contributions to climate change can demonstrate to the U.S. and to the world that emission
levels can be reduced while cconomic growth is sustained. As summarized in Exhibit 2-3. a number of
statcs arc alrcady arguing for the key role that states can play in this critical arca.

State agencics do not shoulder this burden alone. As EPA notes. "no single activity is the dominant
source of greenhousce gasces: therefore. no single measure can stabilize global climate. Many individual
components. cach having a modest impact on greenhouse emissions. can have a dramatic impact on the rate
of climate change when combined” (Smith and Tirpak. 1989). The state role in solving this global problem
can be significant. Although national and intcrnational cffort is cssential for an overall solution. states arc
uniquely positioned to reduce emissions and. in doing so. to encourage the appropriate national and
intcrnational responscs. The United States and other nations have alrcady recognized the threat that climate
change poscs and the need for action. States. armed with the same understanding. now face the same
decision.

23 GENERAL FRAMEWORKS FOR CLIMATE CHANGE POLICY ANALYSIS

Policy formulation can be a complex undertaking that involves understanding the issucs at hand.
cnvisioning the range of actions that governments can take to address those issucs. and sclecting from
within this range the approaches that offer the most potential for achicving multiple public goals. The
policy formulation process must respond to local circumstances and must fit within institutional. fiscal.
political. and other constraints. The presence of uncertaintics. diverse cconomic sectors. and long lag times
between emissions and affects. as well as the political sensitivity associated with the climate change issuc.
further complicates actions to reducce greenhouse gas cmissions.
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To help clanfy this complex issue. this document develops an analvtic framework that suggests.
first. cstablishing strong and well-founded focal points for program development and then structuring
programs around these focal points. This approach recognizes that states face impediments in cffectively
reducing greenhouse gas emissions. These impediments take three forms: barriers that inhibit actions to
rcduce greenhouse gases. perverse incentives that actually encourage greenhouse gas production. and time
framc i1ssucs that complicate the whole process.

This scction addresses cach of these three factors. First. it presents the tvpes of barricrs that may
inhibit cffective policy implementation.  Next. in order to provide a general onentation and organizing
principle for various policy options. it reviews the general structure used to present ideasfor policy
solutions in Part Il of this document. Finallv. this discusses timing issucs in climate change policy
development.

2.3.1 Barriers to Emission Reductions

Designing climate change mitigation strategics is not a straightforward task. A number of barricrs
to cmission reductions confound the policy design process and may inhibit implementing mitigation
programs. These barricrs may include technological capacity. information flow constraints. price
structurcs and other market related clements. legal or regulatony issucs. organizational or institutional
considerations. political considerations. and analytic constraints. These barricrs. in particular situations.
can cither inhibit cmission reductions or can actually create incentives that Icad directly or indirectly to
cmissions.

Technological Capacity

Greenhouse gascs are produced through the fundamental processes that help our cconomy and our
socicty function. including food production. commerce. and genceration of other goods and scrvices on
which we depend in our evervday lives. Improving the technologics critical to these necessany and desirable
processes could result in lower greenhouse gas cmissions as well as decrcase the undesirable activitics.
Frequently. technologics that can achieve specific greenhouse gas reduction goals are available but not
widely disscminated. while in other situations tcchnological improvements or new wavs of approaching
these fundamental tasks in our socicty have not vet been developed.

Information Ilow Constraintys

Information barricrs can take three forms. First. in the climate change ficld. incomplete
understanding of the atmospheric scicnee as well as to the probable cffccts of various policy options on
greenhouse gas concentrations impedes developing cffective policics. Second. those who emit greenhouse
gascs. including the general public. may not fully appreciate their role and responsibility. Third. the
information that would ecmpower members of socicty to reduce greenhouse gas cmissions is frequently not
availablc or understandablc to them. This is often the case when technological improvements to various
processes have been developed but are not known to the actors who usc those processes in the ficld.

Price Structures and Related Market Ilements

Three distinet factors relating to prices and costs of goods and scrvices can contribute to
greenhouse gas production and emissions. First. govemment subsidics and taxes. which are designed to
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promote goals unrelated to climate change. can conflict with climate change mitigation policics. Sccond.
prices and costs often do not account for the environmental damage being causced by consumption of the
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Exhibit 2-3
State Reasons for Climate Change Response

Motivation (as published in statc documents)

State (Sourcce)

... it's a powerful concept. to think we can adjust the way we live and could have a
powecrful cffcct on our global climate. It's a challenge we should take scriously and should
accept.

Louisiana
(Hodges-Copple.
1990)

Americans. lowans included. have become both more informed and more concerned about
the environment in the last two years to three vears. Public consciousness has absorbed the
positive message of Earth Day as well as the horror of cnvironmental disasters.

lowa (Calc ct al..
1992)

Vermont has a strong incentive to lcad the way in developing energy policics which
properly account for environmental risks. . .. Two problems stand out as demanding
special attention: global warming. which threatens all of the planct's pcople and ccosystcms
and to which Amcricans make a disproportionate contribution: and acid deposition. which
poscs a particular threat to Vermont's environment and way of lifc.

Vermont
(Vermont Dept.
of Public Scrvice.
1991)

... the limited nature of federal lcadership means that California's cfforts to reducc
greenhousce gas cmissions will influence. rather than be dirccted by. federal lecadership. . . .
In any event. while unilateral California action to reduce cmissions will not solve the
problem. California lcadership could help facilitate greater cooperation between the States.
the federal government. other countrics to begin reducing greenhousc gas cmissions.

California
(California
Encrgy
Commission.
1991)

Evervonc is familiar with the need to pay insurance today for risks that may occur in the
futurc. Actions to slow global warming arc the insurance paid to accommodatc the risks
from global warming. The insurance proposcd in this report would also pay a dividend in a
morc cfficicnt and resilient cconomy. cleaner air. and less dependence on forcign oil
supplics. Responding to global warming is another rcason to manage resources wiscly.

Whilc this is a global problem. cveryvone must be part of the solution.

Orcgon (Orcgon
Task Forcc on
Global Warming,
1990)

... good cnvironmental stewardship and energy cfficiency will make Missouri stronger
cconomically. improve our flexibility in the face of uncertain intcrnational markets. and
fulfill our cnvironmental responsibilitics. These bencfits prevail regardless of whether
Missouri expericnces substantial or subtle climate change.

If we fail to be accountable for our rolc in climate change and ozone depletion. we will pay
with diminished quality of lifc for oursclves and our children. Missouri. as a responsiblc
global citizen. has an important opportunity to crcate cnvironmental and cconomic benefits
from this challenge.

Missouri
(Missouri
Commission on
Global Climatc
Change & Ozone
Deplction. 1991)

The legislature recognizcs that waste carbon dioxide cmissions. primarily from
transportation and industrial sources. may be a primary componcnt of the global
greenhouse gas cffect that warms the carth's atmosphere and mayv result in damage to the
agricultural. forest. and wildlifc resources of the state.

Minnesota
(Minncsota
Statutes 116.86)

. although Washington's contribution to the greenhousc ¢ffect is small. the state can
demonstrate to U.S. and world policy-makers that CO7 cmissions can be reduced while
sustaining cconomic growth.

Washington
(Lesscr et al..
1989)

Because Texas has a lot at stake in preserving and protecting its water and coastal
resources. it is incumbent upon state officials to start to develop the most cost-cffective
stratcgics now. ... Texas docs have a role in solving this problem. Indced. with so much of
the structure in placc to corrcct this problem to which we so heavily contribute. it can be
asscricd that we have an obligation. The next question is: Do we have the political will?

Texas (Schmandt
ctal.. 1992)




goods or scrvices in question: thus. greenhouse gas cmissions arce an "externality” not reflected in prices.
Third. "transaction costs" for obtaining information about. or converting to. more environmentally fricndly
processes arc often high.

Legal or Regulatory Issues

Legal issucs affect greenhouse gas emissions in several ways. First. many of the informational and
market distortions presented above originate in previous regulatory or other Iegal action. In these cases. the
law itsclf inhibits reduction of greenhouse gases or even encourages their production. Sometimes this may
be to society's benefit because of higher prioritics. while in other cascs the law inappropriately or
incfficiently pursues its objectives. some of which may be outdated. An ¢xamplc of this tvpe of barricr
occurs in the regulations that require flaring of methane at landfills. which may exclude its recoveny and
salc as a fucl source. Sccond. the absence of regulations or Iegislation may itsclf serve as a barricr. as
when the absence of certain consumer protection measures inhibits new environmentally friendly
technology or product acceptance. Third. ill-defined or vague property rights goveming commercially
valuable greenhouse gases. such as methane produced from coal mings. can inhibit recovery ¢fforts and
thus increase cmissions.

Organizational and Institutional Considerations

Institutional factors also may constrain implementing cmission reduction policics. Public agencics
responsible for developing. analyvzing. implementing. and enforcing policics must maintain the skills.
resources. and motivation necessany to do this job: without sufficient institutional support. many programs
cannot be implemented. In addition. designing emission reduction programs and formulating policy may
require distinet institutional mechanisms for coordinating action between public agencics and with many
diverse private scctor actors. If these channels do not exist. programs can be difficult to develop and
administer.

Political Considerations

Greenhouse gas emission reduction policics can affect many actors across all sectors of socicty.
Competing and conflicting intcrests across these individuals. groups. and organizations can generate
significant political tension. In this context. politics may become cither an impediment or an assct to
climate change policy formulation. Political viability in the climate change arcna. thus. depends on the
coordination of affccted interests. popular or legislative familiarity with the policy instruments being
pursucd. the perecived faimess of policy ideas. and consistency with other major political agendas.
Analvtic Constraints

Several analvtic factors may inhibit climate change policy formulation. These revolve around the
difficulty and costs of acting when the magnitude and timing of policy impacts arc highly uncertain.
Chapter 8 discusscs many of the issucs that create such uncertainty. such as intertemporal comparisons of
costs and bencfits and issucs of interaction between different emission reduction policics.



2.3.2  Structure of Policy Approaches

Because climate change responses must address the wide variety of barners and constraints
presented above. arranging a similarly varied portfolio of policy approaches can enhance program
cffectivencss. The specific options available for greenhouse gas reduction programs. which are detailed in
Chapters 3 and 6. arc grouped into four categorics:

e Providing information and cducation:

e Restructuring lcgal and institutional barricrs:

e Providing (and correcting distorted) financial incentives: and
e Implementing dircct regulations.

Each of these policy approaches is claborated on below.
Providing Information and Iducation

Information provision generally takes three forms: identifving informational needs. generating new
information. and disscminating information. Such ¢fforts arc usually intended to change the behavior of
somg¢ target audicnce (¢.g.. consumers. corporations. managers. or school children) in order to reduce
cmissions. Doing so generally requires that policy-makers understand the target audience's current level of
knowledge as well as the links between that knowledge and how the audicnce behaves. For example.
cnergy consumers may not know the most effective ways to save energy. the time and costs involved. or
cven the linkage to greenhouse gas emissions. By identifving what consumers do generally understand.
policy-makers can take action to fill gaps in understanding and knowledge. with the intent to change
consumer behavior.

Information dissemination programs may' include public advertising or cducational campaigns. the
provision of information through tcchnical reports. publicity around voluntary standards. public scrvice
announcements. media coverage of government activitics. support for rescarch and development.
tcchnology or process demonstration projects. and direct technical assistance.

Restructuring Legal and Institutional Barriers

Certain legal and institutional barricrs not only constrain but prevent effective implementation of
greenhouse gas reduction measures. These can include: laws with alterative purposces. such as cconomic
stimulation or public safctv. that inadvertently and unnecessarily inhibit greenhouse gas reductions: existing
and long-standing operating procedures in public and private organizations that interfere with how policics
arc implemented: and a lack of institutional or regulatory support capacity for greenhouse gas reduction
policy action.

Policy approaches to addressing these barriers frequently include changing existing laws.,
formulating new laws. and developing new institutional procedures for administering these activitics. For
cxample. resolving legal issucs conceming the ownership of coalbed methane resources would cstablish
incentives for investment in methane recovery projects (U.S. EPA. 1993b). Similarly. revising outdated
laws goveming fat content ratings for milk and beef production to reflect modem consumer preferences
could result in methane reductions in the livestock sector. by requiring less food intake and digestion per
animal for the same quantity of usablc food output.
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Providing Iinancial Incentives

Financial incentives involve stimulating private and public sector transactions in order to induce
actions that reduce greenhouse gas emissions. This can include changing how current transactions take
place. like subsidizing or taxing certain fucl prices to induce choice of cleancr home-heating or
transportation fucls. or it can involve fostering new actions all together. like subsidizing or rewarding
rescarch on technology development.

Three main categorics of action can provide financial incentives to promote public scctor goals: 1)
direct government expenditures: 2) taxes. fees. loans. or subsidics that alter the consumption of a good or
service by changing its price relative to other items consumers might freely choosc: and 3) market
structurcs cstablished by governments that stimulate transactions without further direct government action.

Financial incentives are often chosen as a lcast-cost mechanism for inducing a certain level of
production or consumption.” For cxample. by allocating tradcable pollution permits. the federal
government is attempting to achicve a pre-determined level of emissions through market interactions.
avoiding the rigidity of direct regulation and achicving emission reduction goals at the least cost to socicty-.
Similarly. the gasoling tax scrves to decrease carbon emissions by reducing gasoline consumption. The
four predominant systems through which govermments provide financial incentives are tradable emission
rights. ¢cmission charges. deposit-refund systems. and basic consumption taxcs.

Implementing Direct Regulations

Govermments can also promulgate direct regulations to address the barricrs to greenhousce gas
reductions. This may include any legislation or rule that directly limits the action of private and public
scctor actors. In the climate change ficld. regulations may force private firms to incorporate social costs of
global warming into their decision making process. although financial incentives or other approaches may
be more cconomically efficient and possibly more effective. Dircect regulations generally can take two
forms: performance standards and technology controls. Performance standards sct a limit on a firm's
cmissions (¢.g.. 20 lbs./day of a specific pollutant) and allow a firm to choosc how to mecet the standards.
Technology controls. in contrast. define specific design and operating requirements. often specifving
required ecmission control technologics by name.

2.3.3 Timing Issues in Policy Development

A final consideration when developing options for addressing climate change is the issuc of timing.
Because of the dvnamic and complex nature of climate change proccesscs. policics for addressing
immecdiately controllable ¢missions in the short-term might be entirely distinet from long- term policics
nccessany for tackling other tvpes or levels of emissions. Given that scientific understanding and the state
of technology arc cvolving rapidly in this ficld. policy approaches should maintain flexibility. Flexibility is
also nceessary to respond to changing cconomic and political circumstances.

The general policy context surrounding climate change roughly spans three time frames -- the
immediate- to near-term. the mid-term. and the long-term future. Thesce are relative time frames that help
provide focus for programs and that should not constrain programs in any way. Ncar-term policy
responses can usually be initiated quickly. within ong to four vears. with dircct ¢cmission reduction or other
important benefits. Idcally. they should be incorporated into larger. comprehensive programs. For

? Sce Chapter & for more information on least-cost planning,
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cxample. a technical assistance program to help farmers improve fertilizer application placement. timing,.
and ratc will help reduce N»O emissions immediately and may be the first step in a mid- to long-term
program to reduce emissions from the agricultural scctor.

Mid-tcrm policics. typically sct within five to twenty vear periods. frequently depend on issucs
such as the development and introduction of new technologics and institutional capacity for administering
new programs. and are often constrained by the time frames used in ¢cconomic and energy forccasts. A ten
to twenty vear span frequently represents the longest perniods with which analysts and policy-makers can
anticipate the outcomes of their actions. For example. states may not be able to implement programs to
support large scalc methane recovery and use immediately because of lack of institutional support. but this
constraint may be overcome within a few vears of program implementation. These policics should be
flexible to react to changes in the scientific. technical. cconomic. and political arcnas.

Finally. long-term policics may take scveral decades to enact. Modifving land usc and
transportation systems in major citics. for example. can take twenty to fifty vears. It is expected that
dramatic changes in technology and lifestyles will occur and will have a substantial cffect on the climate
changc problem within this time frame. Thus. rescarch and development and public education are critical
components of long-tcrm policy planning.

The policy implications of these three relative time frames are defined in greater detail in Chapter
7. It 1s important to notc at the outset. however. that specific policics may address only one time frame or
they can be integrated across time frames. Current policics. for example. can be designed to maximize
cmission reductions now using available technologics and sct the stage simultancously for future reductions
through rescarch and development. cducation. institutional strengthening. or other actions. Comprchensive
statc programs should intcgrate all three time frames in order to maximize the benefits from climate change
response strategics. More specifically. cffective policy design should ensure that emission reduction goals
sct in the necar-term allow for scientific. technological. cconomic. and political changes in the mid-term and
sct the groundwork and the context for addressing long-range objectives.

Each chapter in this document addresses time frame issucs. Chapter 3 considers time frames in the
context of measuring and forecasting greenhousc gas cmissions. Chapter 4 discusscs the process of setting
and adhcring to short-. mid-. and long-term ¢mission reduction targets and goals. Chapters 3 and 6
describe approaches for greenhousc gas cmission reductions within the context of what is currently feasible
and what scientists and others anticipate being feasible in the future. Chapter 7 discusses how time frames
can be uscd strategically to build political and institutional support in the present and for the future. and
provides cxamples and potential models of policy formulation across time frames. Chapter 8 ¢xplains how
time frame issucs can be incorporated in the policy cvaluation proccss.

Exhibit 2-4 presents a modcl of public planning that illustratcs many of the points madc in this
chapter. It describes the Air Quality Management Plan for the South Coast Air Basin. an cffort organized
by multiple agencics that provides a wide varicty of social benefits. This plan cstablishes long-term
program goals and then employvs different policy: approaches sct within three distinet time frames.
highlighting land usc changes that fall under statc and local jurisdictions. The policics described here
include information and ¢ducation projects. institutional restructuring and strengthening. and
implementation of financial incentives and direct regulations.
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Exhibit 2-4: The South Coast Air Quality Management Plan

In July 1991. the South Coast Air Quality Management District and the Southern California
Association of Governments adopted a revised. comprehensive Air Quality Management Plan (AQMP or Plan)
designed to achicve national and statc ambicnt air quality standards. The 1991 AQMP continucs the aggressive
cmission control program cstablished by previous plans. but also addresses requircments of the California Clcan
Air Act (CCAA). In addition. thc AQMP has been expanded to address  global climate change. stratospheric
ozonc depletion. and air toxics.  The 1991 AQMP scts forth programs which require the coopcration of all
levels of government:  local. regional. state. and federal. The AQMP can scrve as a substantive and
organizational modcl for statc and local governments in their cmission reduction cfforts. The Plan is organized
into three ticrs. cach distinguished by its rcadiness for implementation:

Tier 1

Ticr I calls for full implecmentation of known technological applications and cffective management
practices within the next five vears. This phasc of the AQMP is action-oricnted. It identifics specific control
mcasurcs for which control technology currently cxists.

Tier 11

Unlike Ticr 1. the second phasc of the AQMP will require significant advances in current applications
of existing technology and strong rcgulatory action for successful implementation within the next ten to fifteen
vears. The proposed Ticr Il control strategy is composcd mostly of cxtensions or more stringent applications of
Tier I control mcasurcs.

Tier 111

The final tier of the AQMP depends on the development. adoption. and implementation of new
technologics within the next twenty vears. Achicvement of Ticr 111 goals depends on substantial technological
advancement and breakthroughs that arc expected to occur throughout the next two decades. This requires an
aggressive expansion of Ticr Il rescarch and development cfforts.

Since the adoption of the 1991 AQMP. the District has been studying the feasibility of implementing a
market-based regulatory program for the Basin. Rccommendations and findings from this study were presented
as the Regional Clean Air Incentives Market (RECLAIM). An amendment to the 1991 AQMP incorporates the
concepts of RECLAIM into the cxisting Marketable Permits Program control mcasurc originally proposcd in
1991. RECLAIM calls for declining mass cmission limits on the total cmissions from all sources within a
facility and rcquires facilitics to mect prescribed annual cmission reduction targets. Facilitics under RECLAIM
will be given a facilitv-wide permit that will detail all emission sources in their facility. Allowing sources to
"bubblc" facility cmissions to meet annual reduction targets incrcascs compliance flexibility at cach facility.
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CHAPTER 3
MEASURING AND FORECASTING GREENHOUSE GAS EMISSIONS

A stat¢ inventory of greenhouse gas (GHG) cmissions and sinks is a uscful tool both for ¢stablishing a
bascline level of GHG emissions. and for identifving options for GHG reductions. In addition to preparing an
inventory of current GHG emissions. a statc may wish to forccast fiufure levels of GHG emissions in the absence
of statc policics to reduce emissions. Such a forecast could serve as a benchmark against which future emission
rcductions could be measured. The purposc of this chapter is to discuss the uscfulness of calculating current and
future greenhouse gas cmissions. and the methods for doing so.

3.1 MEASURING CURRENT EMISSIONS

The first step in a state’s cffort to address climate change is to identify all source categorics in the state
that emit greenhouse gases. and determine their current emission levels. By developing an inventory of greenhouse
gas cmissions. states can identifv those source categorics that contribute the most to global warming. The
inventory can also be uscful for identifving options for greenhousc gas mitigation policics. To assist statcs in
developing GHG inventorics. EPA’s State and Local Climate Change Program developed a workbook that
descnbes how to prepare greenhouse gas emissions inventories. The Stare Workbook: Methodologies for
Lstimating Greenhouse Gas I-missions offers relatively simple approaches to preparing an emissions inventory.
as well as more sophisticated approaches that generally require more detailed data and a greater Ievel of cffort.
Scveral states have used the State Workbook to develop a state-level GHG emissions inventory as the first step in
developing policics and strategics to reduce greenhouse gas emissions.! Exhibit 3-1 presents the cmissions
sources included in the State Workbook. along with a list of the independent variables that arc used in the
cmissions calculations.*

3.2 PROJECTING FUTURE EMISSIONS AND EMISSION REDUCTIONS

This scction discusses (1) the concept of bascline (or reference casc) GHG emissions. (2) methods for
forccasting reference case emissions and policy-induced emission reductions. and (3) the potential for “lecakage™ of
GHG cmussions (i.c.. GHG ¢missions increascs in one scctor that result from GHG reductions in another scctor).

A statc may project the level of GHG emission reductions it will achicve through state-level policies in
onc of two wavs: (1) relative to a static bascline (i.¢.. the level of GHG emissions cstimated in the statc’s GHG
inventory) or (2) relative to a forecasted level of emissions.

Projecting emission reductions relative to a static bascline has the advantage of simplicity -- once the state
GHG inventory 1s developed. no further work is needed to estimate the static bascline. However. to the extent
GHG cmissions are likely to grow in the absence of state policy. usc of a static bascline will understate future
cmission levels. Morcover. if static data are used to cstimate GHG reductions due to state policy. the GHG
rcductions may be understated as well. For example. if a state plans to implement a carpooling program

' Sce Chapter | for more information on the Stare Horkbook.

* The results of cquations used in the Stare Horkbook to calculate emissions from cach greenhouse gas source arc
determined by the valucs assigned to a sct of independent variables. These variables reflect the measurable quantitics or
intensitics of various factors that producc greenhouse gascs. such as fossil fucl consumption. arca of city landfills. or the
amount of fertilizer used in a vear.
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Exhibit 3-1
Independent Variables Used in Emission Calculations in the State Workbook:
Data Required to Estimate Current Greenhouse Gas Emissions

Source Category*

Required Data

Greenhouse Gases from the

State Residential Energy Consumption for the following fuel types:

Residential Scctor - Gasolinc -LPG - Distillatc Fuel Oils - Naphtha
- Kerosene - Other Solid Fucls - Petrolcum Coke - Asphalt & Road Oils
- Distillate Fuel - Other Liquid Fucls - Natural Gas
- Residual Oil - Coal (bv tvpe)
Greenhouse Gascs from the Statc Commcrcial Encrgy Consumption for the following fucl tvpes:
Commercial Scctor - Gasolinc -LPG - Distillatc Fuel Oils - Naphtha
- Kerosene - Other Solid Fucls - Petrolcum Coke - Asphalt & Road Oils
- Distillate Fuel - Other Liquid Fucls - Natural Gas
- Residual Oil - Coal (bv tvpe)
Greenhouse Gascs from the Statc Industrial Encrgy Consumption for the following fucl types (list may not be inclusive):
Industrial Scctor - Gasolinc - Other Liquid Fucls - Other Solid Fucls
- Distillate Fuel - Bituminous Coal - Natural Gas
- Residual Oil - Sub-Bituminous Coal
-LPG - Lignite
Greenhouse Gascs from the Statc Encrgy Consumption from the Electric Utility Scctor for the following fucl tvpes:
Electric Utility Scctor - Gasolinc - Other Liquid Fucls - Other Solid Fucls
- Distillate Fuel - Bituminous Coal - Natural Gas
- Residual Oil - Sub-Bituminous Coal - Anthracitc
-LPG - Lignite
Greenhouse Gascs from the Statc Transportation Encrgy Consumption for the following fucl tvpes:
Transportation Scctor - Gasoline (by tvpc) -LPG - Other Solid Fucls - Jet Fucel (by tvpe)
- Distillate Fuel - Other Liquid Fucls - Natural Gas
- Residual Oil - Bituminous Coal
Greenhouse Gascs from - Annual Cement Production - Annual Soda Ash Production - Annual Lime Usc
Production Processcs (c.g.. COp - Annual Adipic Acid Production - Annual Soda Ash Consumption - Annual Aluminum Production
from Ccment Production) - Annual Nitric Acid Production - Annual Limc¢ Production - Annual HCFC-22 Production
- Annual CO»> Manufacture
Mecthane from Oil & Natural Gas | - Amount of Oil Produced - Amount of Oil Transported - Amount of Gas Produccd
Systems - Amount of Oil Refined - Amount of Oil Stored - Amount of Gas Processed

- Amount of Gas Distributed

Mcthane from Coal Mining

- Annual Coal Production from Surfacc Mincs
- Annual Coal Production from Undcrground Mincs
- Amount of CH4 Recovered
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Exhibit 3-1 (Continued)
Independent Variables Used in Emission Calculations in the State Workbook:
Data Required to Estimate Current Greenhouse Gas Emissions

Source Category*

Required Data

Mecthanc from Landfills

- Amount of Wastc in Placc

- Fraction of Wastc in Placc at Small vs. Large Landfills

- Average Annual Rainfall

- Amount of Landfill Gas that is Flared

- Amount of Landfill Gas that is Recovered as an Encrgy Source

Mecthanc from Domesticated

Populations of:

Animals - Dairy Cattle - Horscs - Sheep - Buffalo
- Beef Cattle - Mules - Goat
- Range Cattle - Asscs - Swine
Mcthane from Animal Manurc Populations of:
Fcedlot Beef Cattle Dairy Cattle Other
- Steers - Heifers - Sheep
- Heifers -Cows - Goats
- Cows/Other Swine - Donkey's
Other Beef Cattle - Market - Horscs/Mulcs
- Calves - Breeding
- Heifers Poultry
- Steers - Lavers - Turkeys
-Cows - Broilers
- Bulls - Ducks

- Pereentage of Animal Manure Handled in Each Manurc Management System

Mecthane from Rice Ficlds

- Total Arca Harvested (Not including Upland or Decpwater Rice Ficlds)
- Length of Growing Scason

Nitrous Oxide from Fertilizer Usc

- Annual Fertilizer Consumption

Forcst Scctor Carbon
Scquestration

- Forested Arca - Specics Composition
- Forest Ages

Greenhouse Gases from Burning

- Annual Production of Crops with Residucs that are Commonly Burned. ¢.¢.:

of Agricultural Wasics Wheat Barley Corn Oats Lentils
Ryc Rice Millet Sorghum Sugarcanc
Pca Bcans Sovbcans Potatocs
FecdbectSugarbeet Artichoke Pcanut

Mecthanc Emissions from
Wastewater Trcatment

- Statc Population Data

- Pounds of Biochcmical Oxygen Demand (BOD) Per Capita
- Percentage Wastewater Treated Anacrobically

- Amount of CH4 Recovered

* Note: The source categorics prescnted in this table do not make an exact match with the categorics addressed in Chapter 5. The source catcgorics in
Chapter 5 arc bascd on the catcgorics listed above. but have been modificd somewhat to facilitate prescntation of available policy options.
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Exhibit 3-1 (Continued)
Independent Variables Used in Emission Calculations in the State Workbook:
Data Required to Estimate Current Greenhouse Gas Emissions



that will rcach a certain pereentage of all commuters. and assumcs the same number of commuters in 2010
as in 1990. thc GHG reductions dug to the program arc likely to be underestimated.

An altemative approach is to project emission reductions relative to a forecasted reference case
which accounts for projected changes in the state’s population. cconomic activity. and other factors. This
approach has the advantage of greater rcalism and thus greater accuracy. Another advantage is that if a
statc plans to achicve GHG cmission Ievels cqual to some percentage of bascline (¢.g.. 1990) levels. usc of
a forecasted reference case would allow the state to project whether its policics will achicve the target level
of cmissions. For cxample. supposc a state had 1990 GHG ¢missions of 20 million mctric tons of carbon
cquivalent (MTCE). and forccasted a 2010 reference casc of 23 million MTCE in the absence of state
policy to reduce GHGs. If the state wanted to reach a goal of achicving 2010 GHG cmissions cqual to 1990
levels. the state would need to reduce GHGs by 3 million MTCE per vear by 2010. relative to the
forccasted reference case.

A hyvbrid approach would be to forccast futurc cmissions only for those scctors in which the state
plans to implement GHG reduction policics. This hybrid approach would cnable the state to project with
rclative accuracy the GHG reductions its policics would achicve. in relation to future emission levels in the
absence of policy. However. forecasting emissions for only some scctors would not ¢nablc the state to
cstimate total statewide GHG emissions in the absence of policy: thus the state would not know the total
GHG reductions needed to achicve some target level of GHG cmissions.

One relatively simple method for forecasting future emissions in the absence of GHG reduction
policics is to extrapolate the Stare Workbook inventory methodologics using forecasted data (c.g.. forecasts
of population and ¢cconomic activity). Under this approach. a statc would predict changes in the
independent variables (and perhaps some changes in the cocfficients in the emission cquations). and then
recalculate emissions from cach affected source categony using the Stare Workbook methodologics. Exhibit
3-2 illustrates how changes in the independent vanables can be used to forecast (1) cmissions in the
absence of policy. and (2) ¢mission reductions relative to a forecasted reference case.

Altemativelv. an analyvst might need to change the cocfficients in the emissions cquations. or the
structure of the cquations themsclves. in cases where policy altematives are expected to alter the level of
grcenhouse gases emitted per unit of activity. For example. technology improvements may increase the
amount of clectricity produced per unit of fucl consumed. or may reduce the amount of methane that
¢scapes into the atmosphere per ton of municipal solid waste placed in landfills. Exhibit 3-3 illustrates how
changes in cocfficients can alter cmission forccasts.

Note that uncertainty is a significant concern when forecasting greenhouse gas emissions. To
prepare reliable forecasts. states should extend emission forecasts only into the near future. Given the
degree of uncertainty alrcady associated with existing methodologics and available data. carrving
projections beyvond this point can underming the uscfulness of forccasts. The maximum time frame for
projecting cmissions in most situations is likcly to be 13 to 20 vears -- the tyvpical time frame for encrgy use
projections. Bevond that. uncertaintics in technological changes alone will likely call into question the
accuracy of forccasts.
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Exhibit 3-2: Forecasting Sectoral GHG Emissions
Before and After a GHG Reduction Policy

Supposc a statc had 1990 gasolinc consumption of 200 trillion Btu (such data arc reported in U.S.
DOE. 1993). Using thc State Horkbook methodology. 1990 CO» cmissions from gasoline consumption
would be calculated as follows:

CO7 Emissions =Consumption x Carbon Content Cocfficient x Percent Oxidized x 44/12
CO7 Emissions =200.000.000 million Btu x 41.8 Ibs C/million Btu x 99% x 44/12
CO7 Emissions =15.2 million tons CO7

Supposc the state forccasted that. in the absence of policy. COj cmissions from gasolinc
consumption would be 10 pereent higher in 2003 than in 1990 (based on a projected increasc in the driving
age population. an incrcasc in the vehicle miles traveled per driver. and some assumption about average
milcage per gallon for all cars in the state). Then. forecasted 2005 COj cmissions from gasoline
consumption in the absence of policy would be 10 percent higher than in 1990. or 16.7 million tons of CO».

Finally. supposc that the statc planned a carpooling program that was cxpected to reduce annual
vchicle miles traveled by two percent by 2005, The CO» reductions and net CO» cmissions would be
calculated as follows:

CO2 Reductions in 2005 = 2% x 16.7 million tons COy = 330.000 tons CO».
Nct COy Emissions in 2005 = 16.7 million tons CO7 - 330.000 tons CO7 = 16.4 million tons CO».

Forecasting can be complex because there are many factors that can affect future cmissions.
including population growth. cconomic growth. technological improvements. and degree of urbanization.
Possible means of accounting for these external factors include the following:

o lxpert judgment relics on the insights of experts to forccast future values of key variables.
This approach can be cffective in considering difficult-to-quantify factors. as well as important
intcrrelationships that may be accounted for by quantitative forecasting methods.

o Content analysis 1s a technique sometimes used to forecast broad social and technology trends.
This technique involves reviewing and analyvzing the content of the information carried through
various media with respect to emerging social trends.

o Trending methods arc simple lincar or logarithmic projections of historical trends. and arc
rarcly uscd as stand-alonc forccasting methods. A more sophisticated variant of trending uscs
statistical time-scrics techniques to extract more precise information about trends from
historical data. Trend and time-scries analyvses may be most applicable to short-term forccasts
where the influence of structural factors is not expected to be great.

* The following bullets were taken from "Mcthods for Asscssment of Mitigation Options" written for the //°7C°C
Second Assessment Report by IPCC Working Group 11
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Exhibit 3-3: Example of a Policy that Affects Methodological Assumptions

Supposc a statc had 700.000 head of beef cattle in 1990. (Such data arc reported in USDA. 1990).
Using the State 1orkbook methodology. methane cmissions from this source would be calculated as
follows:

CHj Emissions = Animal Population x Emission Factor
CH4 Emissions =700.000 hecad x 152 lbs. CHy/hcad/vcar
CHj Emissions =33.2 thousand tons CH

One strategy for reducing methanc cmissions from domesticated animals is to change their dict.
For cxample. certain feed additives can increase feed cfficiency by approximately 10 percent. This change
will have a direct cffect on the cmissions factor above. regardless of any changes in animal population. The
magnitude of this change can be calculated using cquations provided in the discussion scction of the Srare
IWorkbook. Supposc a statc implements a policy to increase feed cfficiency. and this policy decreases the
cmissions factor by three percent. to 147 lbs. CHy/hcad/vcar. The methane cmissions may be forecasted by
using the new cmissions factor in the State IHorkbook methodology (the following example assumes no
change in the number of beef cattle):

CHj Emissions = Animal Population x Emission Factor

CH4 Emissions =700.000 hecad x 147 lbs. CHy/hcad/vcar

CHj Emissions =31.6 thousand tons CH

Policy Impact = 53.2 thousand tons CH4- 51.6 thousand tons CHy
= 1.200 tons CHy4

e lconomic forecasting methods use multiple regression techniques to relate behavior to a
scrics of explanatory independent variables. The specific quantitative form of an ¢cconomic
modecl is estimated using historical. and in some cases. cross-scctoral data pertaining to the
model's independent variables. Forccasts of cconomic activity. the demand for transportation
or forestry products. and cmissions can be understood in terms of underlving cconomic
behavior. and therefore. have wide application in the asscssment of altcrnative mitigation
stratcgics.

o [lnd-use forccasting modcls primarily provide a finer level of detail to forecast emissions from
the energy sector by representing energy demand within sectors. These methods forecast
demand as a function of the cfficiency characteristics of specific tyvpes of end-usc cquipment.
the utilization of the cquipment. and the number of picces of the cquipment in usc. Total
demand for a given fucl is estimated by aggregating over end-usces. at which point carbon
content cocfficients and ecmission factors for other gascs can be applicd to determine the future
cmissions potential of various options.

Finally. when accounting for cmission reductions. forccasts should also take into account the
possibility of “Icakage™ of GHG cmissions -- that is. the possibility that as a statc policy reduces cmissions
in on¢ scctor. cmissions may. as a direct result. increase in another sector. For example. if a state program
promotces usc of biomass cthanol as a fucl. with no controls on the energy required to produce the cthanol.
the GHG cmission reductions from displacing gasoline with cthanol might be offsct by incrcased GHG
cmissions from fossil fucls uscd in growing the biomass and producing the cthanol. Many other examples
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of potential ~lcakage™ could be identificd: the challenge for state GHG planners is to identify arcas where
potential Icakage may be significant. and to adjust their estimates of GHG reductions accordingly.
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CHAPTER 4
ESTABLISHING EMISSIONS REDUCTION PROGRAM GOALS
AND EVALUATIVE CRITERIA

An appropriatc mitigation stratcgy must combine
individual projects and programs into a coordinated
approach that mccts both mitigation objectives and the
broader sct of statc cconomic. industrial. agricultural.
cnvironmental. and other goals. The first step. thus. in a
mitigation asscssment is to define the sct of objectives a
mitigation program and/or stratcgy should mect and to
develop criteria for cvaluating the success or failure of
altcrnative mitigation stratcgics. This chapter examings the
process of sctting broad program goals and specific policy
cvaluation criteria and highlights the complexitics that
surround these issucs (sce Exhibit 4-1 for definitions of the
terms goals and criteria). States can choose to sct
prioritics and develop strategics in different wavs. For
cxample. goals could be oriented around specific time
framcs rather than infinite time horizons. focuscd on
quantitative targets rather than qualitative objectives. or
bascd on technical or scientific recommendations rather
than on perceived emission reduction capabilitics. Exhibit

4-2 presents the key questions states may wish to posc
when defining and prioritizing cmission mitigation goals.
After defining program goals and cstablishing cvaluation
criteria. analvsts can then assess the feasibility and
viability of implementing altemative greenhouse gas
mitigation options. such as thosc presented in Chapters 3
and 6. in light of othcr statc policy objectives. The
matcrial presented in this chapter also provides the basis
for the discussion in Chapter 8 on analvzing state
mitigation stratcgics.

4.1 EXAMPLES OF GREENHOUSE GAS
REDUCTION GOALS

Exhibit 4-1: Goals and Criteria

Goals: Program goals cxplicitly state the
broad aims that cvery climate change action
should support. By doing so. they provide a
consistent focal point for usc across diverse
situations and between state agencics and
across scctors.

Criteria: Criteria arc the standards that
policy makers can usc to asscss altcrnative
policy options. Critcria arc fundamentally
rooted in two types of statc policy goals: (1)
thosc that support the climate change
mitigation program: and (2) thosc that cnsurc
that climatc change mitigation policics do not
impedc or ncgate other state policy prioritics
or objcctives. In contrast to program goals.
criteria arc more specifically defined and arc
frequently more dircetly measurable.

Exhibit 4-2: Key Questions Related to Goal

Setting

¢ Should an cmission reduction goal be
relative measured against a prior. current.
or future reference vear?

¢ How do mitigation objectives rclate to
existing cnergy. agricultural. and
development policics?

¢  What type of processes can be used to rcach
a decision on specific mitigation objectives?

e How can objectives be prioritized?

For guidance in sctting explicit goals. states can draw on the experience of and rescarch conducted
by multilateral organizations. such as the [PCC. and other country. state. and local governments. For
cxample. cmissions reduction targets cstablished by the Framework Convention on Climate Change (as
discussed in Chapter 2) encourage nations to reduce missions of greenhouse gascs to 1990 levels by the
vear 2000." Several individual countrics and some U.S. states and citics have also established their own
ncar- and long-term greenhouse gas reduction goals. Exhibit 4-3 provides examples of these explicit local.

statc. national. and intcrnational program objectives.

" This target is for Annex | countrics only (/.¢.. developed countrics).
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Exhibit 4-3: Examples of Climate Change Program Goals

Local Goals

Portland. Orcgon. sct a target to reduce carbon dioxide cmissions from that metropolitan arca to a
level 20 percent below 1988 levels by the vear 2010, This means a reduction of 42 percent from the 2010
level of emissions currently projected.

State Goals

The Wisconsin Statc Action Plan cstablished a goal to stabilizc GHG cmissions to 1990 levels by
2010. in large part by cutting CO- cmissions by 37 million short tons. The Action Plan identifics cost-
saving options for reducing CO- cmissions by 26.2 million short tons. and options for further CO-
rcductions of 36.9 million short tons for under $15 per ton.

Washington sct a goal of cmissions stabilization by 2010. to be achicved by cutting 18 million short
tons of CO-. Toward this ¢nd. the Washington Statc Action Plan outlines options that could reduce CO-
cmissions by 19 million short tons for less than $35 per ton. or by 44.3 million short tons for about $100 per
ton.

The Illinois Statc Action Plan would stabilizc GHG cmissions by 2000. through a cut of 10 million
short tons of CO-. Thirty-seven pereent of this goal (3.74 million short tons) can be achicved at no cost.
The Action Plan describes options which could reduce CO- cmissions by 28.9 million short tons for about
$60 per ton. or by 92 million short tons for about $110 per ton.

Orcgon’s Action Plan predicts that the state’s strategy will reduce GHG cmissions by at Icast 2
million tons (presumably. 2 million short tons of carbon dioxide cquivalent) in 2015. compared to a
“busincss as usual” scenario.

National Goals

In the October. 1993. Climate Change Action Plan. the United States sct a target of returning U.S.
greenhousc gas cmissions to 1990 Ievels by the vear 2000 with cost-cffective domestic actions. This includes
measurcs in all scctors of the cconomy targeted at all significant greenhouse gascs.

Sweden passed Iegislation in 19806 to stabilizc its carbon dioxide cmissions at 1988 Ievels.

The German cabinct has cstablished a goal of twenty-five percent carbon dioxide cmission reductions
from 1986 lcvels by 20035,

International Goals

The objective of the U.N. Framework Convention on Climate Change (UNFCCC). cstablished at the
1992 U.N. Conference on Environment and Development (UNCED) and ratified in March of 1994, is to
stabilizc greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate svstem and to do so within a time-frame sufficient to allow
ccosystems to adapt naturally to climate change. Signatorics to the UNFCCC arc currently ncgotiating
binding national climate change goals which may be adopted as carly as December 1997 in Kyoto. Japan.

The twelve nation Europcan Union (EU) has agreed. in principle. to stabilize carbon dioxide
cmissions at 1990 levels. The EU has proposcd that developed countrics reduce GHG cmissions to 7.5
pereent below 1990 levels by 20035, and 15 pereent below 1990 Ievels by 2010.




In addition. some national and statc level
govemments have chosen to concentrate on those
policy options that promisc to reduce greenhouse gas
cmissions while providing additional non-greenhouse

Exhibit 4-4: Goal Setting in Oregon

Orcgon has been a pioncer in responding to
global climate change. The Orcgon legislature

gas-related benefits. For example. measures to passed a law requiring the Oregon Department of
increase energy-cfficiency in appliances and other Encrgy (ODOE) and other agencics to develop a
technologics not only reduce greenhouse gas strategy to reduce greenhouse gas emissions by
cmissions. but also increase encrgy independence and 20 percent from 1988 levels by the vear 2005,
cconomic competitiveness. and lower cmissions of ODOE fulfilled this mandate by incorporating a
criteria air pollutants. Policy options of this type arc | grecnhousc gas reduction strategy into its 1991

bicnnial encrgy plan. although the strategy did
not become a formal state goal. Still. the
presence of this strategy in the energy plan helps
the state project how it will mect its futurc energy
nceds and offers specific policics and actions. In

referred to as "no-regrets” measures. i.¢.. policics that
provide benefits other than those directly related to
climatc change. such as increased energy sccunty or
the creation of jobs. Options that can provide

significant additional benefits often encounter less this context. the energy plan calls explicitly for
resistance politically and gamer more public support the development of a state action plan to deal
than mitigation policics that focus solcly on the with climate change. with a target of stabilizing
reduction of greenhouse gas cmissions. cmissions at 1990 levels. This target was sct as a
state benchmark through recommendation of a
4.2 COMPLEXITIES IN EMISSIONS "Progress Board" headed by the Governor.
REDUCTION GOAL SETTING Furthecrmore. within the context of the cnergy

plan. Orcgon's qualitative goal is to achicve

This section addresses the factors that make rcliable. lcast-cost. and cnvironmentally safe
§ scction addresses the factors tha c sources of energy. Orcgon is able to monitor and

goal sctting an analyvtically difficult task. such as update its progress towards achicving these
contending with technological. economic. and political | quantitative and qualitative goals through the
constraints. As a rcsult of these factors. goal setting preparation of energy plans every two vears.
often becomes an iterative process of gathering
tcchnical and cconomic data. analvzing these data and
potential response options in the context of resource constraints. projecting future cmissions. and then
repeating this process until a rcalistic program can be developed that meets state objectives. Somg state
governments have conducted this tvpe of iterative analvsis before sctting any program goals. in order to
determine the most realistic approach. Other analvsts. however. have bascd their goals from the outset on
pursuing actions required to mect specific mitigation targets. and then mold their programs to mect
compcting demands at a later stage. Scction 4.2.1 presents four basic variables that. among others. policy-
makers may wish to address during the goal sctting process. Scction 4.2.2 claborates on the complications
that can arisc during this proccss.

4.2.1 Four Variable Aspects of Goal Setting Processes

Policy-makers may find it valuable to consider four primary distinctions in goal sctting when
formulating the core focal points for their climate change programs. Thesc are discussed below.

Goals oriented around specific time frames versus permanent or perpetual goals

While cach state should optimally cstablish a definitive primary objective for programs. such as no
net increase in greenhouse gas emissions or stabilization to some bascline level. more specific goals and
program milestongs sct within distinct time frames can provide critical guidance for policy development and
implementation. In the context of a long-tcrm bascline goal. for example. specific near-term reduction
targets may provide important motivation to agencics and private scctor actors to implement options.



Similarly. certain policy actions arc appropriate in the near-term and others in the mid- or long-term.
Carcful goal structuring that accounts for these time frame differences can significantly strengthen program
development. Policics adopted in the near-term may substantially lower the costs and increase the
acceptance of future actions byv. for example. focusing on the development of technologics that minimize
cmissions or by demonstrating carlyv the cost-cffectiveness of an option.

Quantitative goals versus qualitative goals

Programs may pursuc specific numerical targets for emission controls. or they may focus on qualitative
issucs. such as promoting the usc of the most ¢cnergy-cfficient technologics and processes in all cconomic
scctors. Sctting quantitative cmissions reduction goals. such as Orcgon or Missouri's twenty percent target.
can be extremely cffective in focusing state cfforts across scctors.  Quantitative goals mayv also allow
analvsts to asscss more casily the feasibility for alterative policy options to meet specific targets and to
monitor with greater accuracy the progress of these options. The Oregon target. for example. seems to
provide continuing focus as policics arc developed and revised over time.  Similarly. the California state
dircctive to cvaluate the pros and cons of a CO» reduction target. although it has not actually produced a
formal quantitative target. has prompted important analyvsis of how existing and potential new state policics
may affect projected greenhouse gas cmissions.

Goals based on prescriptive emissions targets versus goals based on perceived emission reduction
capabilities

Policv-makers may decide to sct goals based on technical or scientific prescription of emission
levels necessary for climate change mitigation (¢.g.. stabilization at 1990 lcvels). on actual cmissions or
tcchnological projcctions (i.¢.. implement measures that will achicve the maximum amount of ¢cmissions
rcductions possible given the current and projected state of technology). on state administrative and
analvtical capacity for implementing and supporting certain tvpes of programs (e.g.. basc cmissions
rcductions targets on the number of climate change projects/programs state agencics can realistically
managc over the period being considered). or on a range of other emissions reduction criteria. This choice
will often determine how aggressive or conscrvative program development and policy selection are. and it
will also affcct the tvpes of demands programs place on state resources.

Broad versus narrow substantive goals

Goals can cover all greenhouse gas cmissions or they can emphasize specific greenhouse gascs or
particular cconomic scctors. This again will hinge on cach state's motivations and institutional structurcs
and will probably varv significantly with greenhouse gas emissions characteristics in different geographic
rcgions. Manv domestic and intemational cfforts focus cxplicitly on carbon dioxide or on fossil fucl
consumption in transportation and clectricity generation. for example. since these source categorics account
for the majority of anthropogenic greenhouse gas emissions. Similarly. some arcas choosc to focus on
stationary source cmissions rather than mobile source emissions. since stationary sources arc often casier to
monitor.

4.2.2 Complications that Affect Goal Setting

Distinct cconomic. ¢nvironmental. and political circumstances in cach statc will probably determine
the relative importance of the above four issucs for the policy formulation process. This scction claborates
on specific issucs that complicate the analyvsis of the four aspects of goal sctting discusscd above including:
the scientific uncertainty associated with greenhouse gas emissions estimation and climate change-related
impacts: the actual impact of mitigation measurcs on cmissions and on climate change: and questions of
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mcasurability. Chapter 7 examinces how states
might structurc programs to take full account of
these issucs in all aspects of program design.
Exhibits 4-4. 4-5. 4-6. and 4-7 present
cxamples of how states have dealt with these
complications in sctting cmissions reductions
goals and targcts.

Scientific and Technical Uncertainties

Achicving pecrmanent stabilization
could require carbon dioxide cmission
reductions of fifty to cighty pereent from
currently projected levels. as well as significant
reductions in the other greenhouse gases. This
stabilization goal would be extremely difficult
to achicve at the present time. and few analvsts
scem sure about what levels of cmissions
rcductions arc actually feasible. Scientific
uncertaintics undcerlic many aspects of our
understanding of climate change processcs. such
as the uptake of CO> by forests and the occans.
Further. uncertaintics cxist in cstimating
cmissions from various source categorics and in
asscssing the potential greenhouse gas and
associatcd impacts of specific control
tcchnologics. Given these uncertaintics. the idca
of an optimal cmission reduction target is
subject to considerable controversy and often
becomes defined by other criteria.

Uncertain Impacts and Interactions of Policy
Approaches

Somc policics may be cffective in the short-
term. while others will take longer to produce
desired results. Also. some options have benefits
other than thosc rclated to greenhouse gascs. such as
incrcased cncrgy sccurity or decrcased soil crosion.
At the same time. however. these options may prove
to be politically unpopular and thus pcerhaps not
feasible. as a result of potentially significant scctoral
cconomic impacts or required changes in behavior.
As ong illustration of thesc issucs. policy mecasurcs
such as taxcs and other cconomic incentives can be
the most cffective in modifving consumer behavior.
but they also frequently gencrate the highest levels
of political resistancc.

Exhibit 4-5: Goal Setting in Missouri

Missouri's 85th General Asscmbly adopted a
resolution in 1989 that created the Missouri
Commission on Global Climatc Change and Ozone
Deplction. The commission consisted of 14
members with various backgrounds and was charged
with asscssing Missouri's contribution to thesc global
cnvironmental and social problems. and to offer
possiblc policy alternatives. The Commission's
report was presented to the Missouri General
Asscmbly. in 1990. This report was well reccived
and has scrved as a catalyst for discussion
throughout the statc. As a result of the
Commission's rccommendation. Missouri's
Environmental Improvement and Encrgy Resources
Authority and the Division of Energy of the
Department of Natural Resources have initiated a
comprchensive state energy study. Furthcrmore. the
Commission's charge was extended in order to study
and fullv develop options for preparation and
mitigation of cffects associated with global climate
change and ozone deplcetion. In addition. Missouri
cstablished a non-binding goal of reducing
greenhousc gas cmissions by twenty pereent. This
goal has apparcntly provided a valuable focal point
and source of motivation for the statc legislature.
statc agencics and other organizations,

-
Exhibit 4-6: Goal Setting in Vermont

In October 1989. Vermont's governor signed
an cxccutive order calling for a comprchensive review
of all forms of cncrgy uscd in the state and for the
devclopment of a plan to modify cnergy usage in order
to achicve specific goals relating to environment
quality. affordability. and rencwability. Goals include
a reduction in per-capita non-renewable cnergy usc of
twenty pereent and a reduction in emissions of
greenhousce gases and acid rain precursors by fifteen
percent. both by the vear 2000, To mect this charge.
the Vermont Comprehensive Energy Plan was
developed cooperatively by the Vermont Department of
Public Service. the Agency of Natural Resources. the
Agency of Transportation. and many of Vermont's
Icading authoritics on cnergy usage. The Plan showed
that through actions to modify and adapt the statc's
cnergy usage to meet the goals laid out in the exccutive
order. Vermont can reducc grecnhouse gascs by twelve
percent. acid rain precursors by cighteen percent. and
the per-capita usc of non-renewable cnergy by twenty -
scven percent.




Similarly. broader and more qualitative goals may be effective in addressing these issucs. but
complications surround them as well. For example. Massachusctts' explicit goal of providing clectricity at
the lowest possible financial. social. and environmental cost accounts for the social cffects of carbon
dioxide from energy production in addition to addressing the environmental impacts of e¢nergy production.
The encrgy goal thus incorporates a varicty of social objectives and may scrve as a model for addressing
the impacts of greenhouse gas emissions from many sources. including utilitics. industrics. commercial and
residential buildings. and transportation. This approach may be ¢specially valuable in situations where
diffcrent scctors could be unevenly affected by emission reduction policies if clear groundwork is not laid in
advance. Howcver. this broad. qualitative goal may complicate the projections of cmission reductions
resulting from the policies. and create political controversy over methods and procedures adopted for
quantifving bencefits.

Measuring Results

The direet cffcects of important climate change-related policy actions arc often extremely difficult to
mcasurc or forccast. For example. quantitative goals. while often politically and analvtically difficult to sct
and agrce upon. ar¢ frequently much casicr to assess and communicate than qualitative goals. On the other
hand. many qualitative and inherently difficult-to-measure actions. like broad public cducation on climate
change and encrgyv-cfficiency issucs. may offer some veny good opportunitics for achicving long-term
climatc stabilization.

Similarlyv. the cmission impacts of short-
term actions are frequently casier to measure than Exhibit 4-7: Goal Setting in lowa
thosc of longer-term policics. largely because the
longer-term actions (cspecially those with twenty
vear or longer time horizons) are subject to
complications and intcractions from many
unforcsceable cconomic. physical. and

The lowa Department of Natural Resources
delivered the state's first Encrgy Plan to the
General Asscmbly in 1990, The plan "pointed out
the way to a future of wisc cnergy usc. cconomic
stability. and environmental quality." With the

cnvironmental developments. To address this plan. updated in 1992, lowa aims to achicve two
issuc. statcs can sct detailed near-term targets long term qualitative goals: 1) to meet all new
within the context of broader mid- or long-term cnergy demand with cfficiency rather than new
qualitative or quantitative goals. This structure. supplics of fossil fucls. and 2) to cffectively
claborated in Chapter 7. provides a way of double. then double again the share of renewable.

"homegrown" resources in the state's cnergy mix.
The plan also scts the objective of continuing to
cxplore how to mect thesc goals. Towards this
cnd. the state has taken and continucs to take steps
to create innovative utility energy cfficiency
cfforts. to encourage cfficient homes through

focusing mcasurable or monitorable policy
formulation in the short-term and fostering
momentum for future program development. It
also provides a mechanism to ensure that
cmphasis on the most promising short term

policics docs not overnide or exclude building ratings. to stimulatc altcrnative energy
considcration of critically important long-tcrm industrics. and to promote rescarch and
actions. development through university centers.

The DNR is currently conducting a study that

4.3 ESTABLISHING CRITERIA FOR looks at the direct. indirect. and induced cffects of

EVALUATING POLICIES incrcascd investment in energy cfficicney and
rencwables. The study is focussed more on the

cconomic rather than cnvironmental analvsis of
options. sincc utilitics and consumers typically
focus on the cost-cffcctiveness of options rather
than the direct environmental benefits.

Clcar and consistent policy ¢valuation
critcria can provide a strong basc for ensuring
that all policics support fundamental program
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goals. The criteria should not only recognize that some goals may be competing. but should also account
for substantive. administrative. and political factors. As opposcd to creating strict guidelines to which all
policics must adhere. carcfully developed criteria establish a framework with which to compare the
implications of diffcrent policy options. Compiling these criteria carcfully at the outset will help ensure
that important issucs arc not overlooked at any time during program and policy development.

Each of the criteria delincated below represents factors that are potentially important to state
policv-makers and that. if adopted by an individual state. could be applied to cvery policy consideration.
These should not necessarily serve as constraints that must be met. but rather as guidclines to ensure
comprchensive and consistent consideration of all relevant factors during policy selection. At the same
time. to ¢cvaluate and compare policics ¢ffectively. states will probably prioritize among the critena they
adopt. The criteria presented here are drawn from various state expericnees and mayv not be appropnate for
all new programs. Each statc should develop a sct of clear and distinct criteria that reflects their individual
prioritics and circumstances.

As with the development of quantitative or qualitative program goals. application of specific policy
cvaluation critcria may varv across time frames. In the immediate-term. for example. existing institutional
structurcs and politics may dominate policy sclection. For the mid- or long term. however. policy
flexibility and overall cconomic efficicncy may be more important for some states. Some criteria will
certainly apply in all time periods. Urban tree planting programs. for example. illustrate these points.
While the carbon scquestration value of urban tree planting may be small. this project focuses public
attention on the global climate change issuc in the near-term. potentially builds political support. and helps
alleviate the "urban heat island” phenomenon in the long term. Similarly. some far-reaching and potentially
cxpensive policics may not scem justified if their benefits within the near-. mid-. and long-terms are not all
acknowledged. This is especially relevant with regards to climate change. where the impacts and direct
mitigation benefits of some actions will probably not be felt for decadcs.

o [Iffectiveness in Reducing Greenhouse Gas Iimissions. This is a key criterion for climate change
mitigation policics. Everv policy should help reduce current or future greenhouse gas emissions.
However. several issues could confound a policv-makers' pereeptions of the cffectiveness of alternative
policy options. These issucs include the timing of a policy's effects. the certainty of results from
different tvpes of government actions. the degree of control that the public sector secks to retain. the
continuing cffectiveness of a policy in the face of cconomic fluctuations and growth. the responsivencss
to tcchnological change. and the degree and impact of intcraction among various concurrent policics.

o Private Sector Costs and Savings. Most policics will alter the costs recognized by the private sector.
including industry and consumcrs. Policics regulating technology usc. industry reporting. or ¢cmissions
taxcs. for cxample. will impose costs on the private scctor and ultimately on the consumers of affected
products. At the same time. these or other measures mayv promote cost savings through energy-
cfficicney and similar mechanisms. The timing. distribution between affected actors. and magnitudes
of costs may all b¢ important to consider.

o JPublic Sector Costs. New policics frequently require implementation. administration. and enforcement
support from statc agencics. This support costs the agencics. and thus the statc government. additional
resources in terms of direct financial expenditures. staffing. cquipment. and building space. These
costs arc cspecially relevant in terms of administering and coordinating programs and maintaining
adcquate records. For example. all policics will probably require some level of staffing for gencral
administration. and ccrtain non-voluntary ¢cmission reduction goals and directives may require
additional administrative and ficld resources for ensuring compliance.
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Instintional Capacity. In addition to general public scctor resource expenditures for program
administration. as notcd above. certain types of policics may require distinet institutional capabilitics.
like the ability to perform specific types of scientific or cconomic analvsis. Similarly. policics may
rcquire substantial levels of interageney or public- and private-scctor cooperation. An important
critcrion may be whether states have the existing or foresecable capacity to mect these tvpes of policy
implementation requircments.

Enforceability. In addition to imposing direct enforcement costs. some policics may require new legal
powers for state agencics to administer. while some policics may simply be difficult to enforce. This is
cspecially relevant given complications in measuring some greenhouse gas emissions and in measuring
the cffectivencess of certain policy options. Similarly. regulatory approaches that target large numbers
of decentralized emission sources. such as individual consumers who usc polluting products or
scrvices. may pose cspecially difficult enforcement problems. For these reasons. the general
enforccability of policy options may be an important critcrion.

Lconomic Lfficiency. Although many policics can reduce greenhouse gas cmissions. policy-makers
may want to cmphasize options that usc resources most cfficiently -- i.c.. achicve emissions reductions
using the least amount of private and public resources. Policics that focus first on sources that can
providc the lowest cost reductions usually promote these objectives. From a national perspective.
coopcration between states and regions may promotc Icast-cost cmission reductions.

Social I:quity. Both costs and other impacts may be distributed uncvenly across certain geographic
locations. income groups. or cconomic scctors. Policics that affect prices of basic consumer goods.
such as home hcating costs. may have a disproportionatc impact on low income individuals. Similarly.
some policics may adversely affect one cconomic scctor more than others.  For example. policics
targcted at nitrous oxide cmissions may affect agriculture more than they will affect manufacturing.
Additionally. since the impacts and costs relating to climate change extend far into the future. policy-
makers may need to grapple with intertemporal incquity between gencrations.

Political Impact and I-easibility. Public or political acceptability is an essential clement of a
successful cmission control program. Some recommended measures. such as taxes and other cconomic
incentives. for increasing cconomic cfficicncy or changing consumer and produccr behavior. can
gencrate significant popular resistance. Near- term policics or actions that include public ¢ducation or
that encourage public input and involvement in the climate change decision making process may help
build public support.

Legal Constraints. The introduction of some e¢mission reduction policics and goals may be constrained
by cxisting legal barricrs. For example. setting land aside for tree planting. requiring utilitics to
undcrtake Icast-cost planning. or addressing cnvironmental "externalitics™ may all require new or
revised laws. Some additional technical approaches for emissions reduction. such as methane recovery
from landfills and coal mings. have not been actively pursucd before. in part becausce of legal
complications arising from public safcty or other concems.® Frequently. these legal constraints can be

* As part of the CCAP. mcthane recovery from landfills and coal mining is being aggressively pursucd. These
programs focus on rccovering methanc for usc as an energy source. These programs. the Landfill A fethane
Outreach Program and the Coal Bed Methane Outreach Program. are federally-sponsored voluntary programs
committed to working with state regulators and industry representatives to maintain public safcty. revise current
statc and local rcgulations and industry standards. and promotc a cost-cffcctive alternative to flaring,
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overcome by modifving or broadening regulatory guidelines to permit new activitics that still promote
initial regulatory objectives. such as public safety. without excluding certain approaches to reducing
greenhouse gas emissions. For example. changing landfill methane emission laws to pemit recovery
and salc of mcthanc. as being pursucd in the CCAP. rather than requining methane flaning as the only
safc control measure. illustrates this point.

o Ancillary Benefits and Costs. Some climate change mitigation actions could affect other state
programs and prioritics. cither by design or unintentionally. Various potential emission reduction
policics produce ancillary benefits by enhancing environmental quality. promoting the sustainable usc
of resources. enhancing social welfare. enhancing food sccurity. or gencerating revenue for the
govermment. For example. increasing the use of renewable fucls gencrated within a particular state
could reduce cmissions of pollutants from fossil fucl combustion. increase cnergy independence. lower
the balance of trade. and contribute to a statc's cconomic well being. Altematively. ancillary costs can
occur when any policy indirectly works against the factors described above. For example. tree planting
programs that scquester carbon. halt crosion. and improve air and water quality may also require large
tracts of land to implement. potentially increasing land prices in agricultural arcas and thereby
increasing prices for agricultural commoditics.

In addition to the substantive criteria listed above. state policy-makers cxpericnced with climate change
programs have recommended two additional process-oriented criteria that may help provide focus for
cvaluating policy options.

o Measurabiliry. Policy-makers in the climate change ficld repeatedly emphasize the benefits of being
able to measure policy cffects. These bencfits include accurate emissions forecasting. a sound basis for
policy comparison now and for future program analvsis and modification. and increascd political
legitimization of ccrtain options bascd on their measurable impacts. In addition to the complications
surrounding mcasurability descnbed above. however. some powerful long term and qualitative policics
ar¢ inhcrently difficult to asscss. For example. it is difficult to quantifs the impacts of public and
consumer cducation and of long range land usc and urban planning changes. States should be carcful
not to climinate these policics from consideration becausc they are difficult to measure. but rather
should anticipate that such policics have different implications for analyvtic. administrative. and
political proccsses during program planning.

o [dexibiliry. Programs and policics will need to change and adapt over time as more is lcamed about
actual climate change impacts and about the ¢ffectiveness of various options for mitigating thosc
impacts. Similarly. flexible state programs mayv channel their intemal and extemal resources to the
most cffective applications. This underscores the importance of considering the appropriate time frame
in initial program development and is also onc of the primary reasons why states may benefit from
initiating climate change mitigation programs on their own terms now rather than waiting for less
flexible national or intcrnational standards. This may have direct implications for policy choice.



PART II

TECHNICAL APPROACHES AND POLICY OPTIONS
FOR REDUCING GREENHOUSE GAS EMISSIONS

The following two chapters provide an overview of specific steps states might take to reduce
grcenhouse gas emissions.

o Chaptcr 3. Technical Approaches and Source-Specific Policy Options. is broken into twelve
scetions. cach corresponding to a single emissions source. It provides background technical
information and offers policy options for addressing cach source.

o Chapter 6. Cross-Cutting Themes and Program Development. discusscs policy options and issucs
that arc relevant to more than one cmissions source and indicates arcas with the greatest potential for
comprchensive emission reduction measures.

These chapters are designed to be used as reference materials. providing sclf-contained information
on cach cmissions source. Each scction provides references to other sections where appropriate. These
chapters arc not necessarily intended to be read through in a comprehensive way.

These chapters present policy suggestions that generally follow the structure described in Chapter
2 for addressing specific barriers to greenhouse gas cmission reductions. In this context. the policy options
here fit gencrally into four categorics: education and information provision. restructuring of institutional
and lcgal barriers. development of financial incentives. and direct regulation.

Greenhouse Gas Sources Not Illaborated in this Document

This document docs not claborate on scveral sources of greenhouse gascs. such as methane
cmissions from wastewater treatment and wetland drainage and carbon loss from soils. These sources arce
difficult to address for various rcasons. In some cascs. the current scientific understanding of the cmission
source is insufficient to warrant thorough discussion. Similarly. the scientific uncertaintics surrounding the
cmission reduction options for these sources are often too great to consider such measures as viable
altcmatives. For other cmission sources. there are no viable technical approaches to reduce cmissions
cffectively.

Rather than to address these tangential sources. this document ecmphasizes arcas where states can
focus their cfforts and resources to mitigate significantly the threat of futurce climate change. States should.
however. still include these sources as part of a complete greenhouse gas cmissions inventory since they are
a part of a statc's overall contribution to global warming. The most significant sources not claborated in
detail in Chapters 3 and 6 arc summarized below.

o Wetlands Drainage: This document docs not contain ¢mission reduction measures for wetland
drainage because of the potentially offsctting cffccts of this activity on climate change. That is.
wetland drainage may decrease emissions of onc greenhouse gas. methane. while increasing cmissions
of anothcr. carbon dioxide. Wetlands drainage results in a reduction of methanc uptake and an increase
in carbon dioxide ¢cmissions as the soils change from an anacrobic to an acrobic statc. However.
depending on the fate of the drained wetlands. these soils may also become a net sink of methane. It is
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difficult. therefore. to quantify the nct effect of any reduction measures. Furthermore. while net
cmissions of nitrous oxide and carbon monoxide may be affected by this activity. the direction and the
magnitude of the cffects on these gases are highly uncertain. It mayv be more uscful for states to
implement policy measures that have a clearer mitigative impact.

o Conversion of Grasslands to Cultivated Lands: This document docs not address conversion of natural
grasslands to managed grasslands and to cultivated lands because of the scientific uncertaintics
associated with this cmissions source. Conversion of natural grasslands to managed grasslands and to
cultivated lands may affect net carbon dioxide. methanc. nitrous oxide. and carbon monoxide
cmissions. Conversion of natural grasslands to cultivated lands may result in carbon dioxide cmissions
duc to a reduction in both biomass carbon and soil carbon. Such a land usc change has been found (at
lcast in the semi-arid temperate zone) to also decrcase carbon dioxide uptake by the soils. The cffects
on nitrous oxid¢ and carbon monoxide fluxcs arc highly uncertain.

o Greenhouse Gases from Production Processes: Direct greenhouse gas cmissions from the industrial
scctor result from a variety of chemical. thermal. and mechanical processes that arc cmployved to
extract. refine. and process raw materials and produce a varicty of end-products. For ¢xample. aside
from the emissions resulting from on site power generation and heating. a significant amount of carbon
dioxide is released during cement production. Similarly. nylon production results in the relcase of
nitrous oxidc. Scction D in the Phasc | document contains a list of additional industrial processcs that
producc greenhouse gas emissions. Because there are few additional reduction measures currently
availablc. this document docs not address other greenhouse gas emissions reductions from this source
catcgory. The most cffective emissions reduction method for the industrial sector usually is to improve
cnergy cfficiency. which is discussed in Section 5.1.5.

o Methane from Wastewater Treatment Iacilities: Anacrobic treatment of wastes produces methane.
This is generally considered to be a bigger problem in many developing countrics than in the United
States. since most U.S. facilitics treat waste acrobicallv. In addition. many municipal waste water
trcatment facilitics in the U.S. alrcady capture the methane they do produce and usc it during on-site
cnergy production. While not addressed further in this chapter or the Phasc 1 .States Workbook. policy-
makers should consider this issuc as it applics to their local circumstances.

o [limissions of Ozone-Depleting Substances: This document docs not address emissions of CFCs and
other Ozone-Deplcting Substances (ODSs) that. in addition to depleting stratospheric ozone. also
function as greenhouse gascs. This document also docs not address the greenhouse cffect of many of
non-ozone depleting chemical replacements for the ODSs. such as hvdrofluorocarbons (HFCs). ODSs
and HFCs arc c¢mitted as a result of a varicty of processes. including refrigeration. air conditioning.
solvent cleaning. foam production. and aluminum production. Emissions of ODSs. except for thosc
stemming from aluminum production. arc¢ alrcady rapidly declining. They are being phased out under
the Clean Air Act Amendments of 1990 in coordination with U.S. obligations as a signatory to the
Montreal Protocol on Substances that Deplete the Ozone Layer. CFC replacements such as HFCs.
on the other hand. arc controlled under EPA's Safe New Alternatives Program (SNAP) and arc targeted
for certain actions undcer the Climate Change Action Plan.

Additional Information on Policies and Actions (o Reduce Greenhouse Gas Imissions

The CCAP presents a variety of programs and actions the federal government will be undertaking
to reduce greenhouse gas emissions. Exhibit 11-1 lists the specific actions highlighted in the CCAP. Manv
of these may supplement the policy idcas claborated in Chapters 3 and 6. A copy of the CCAP can be
obtained from EPA.
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Exhibit II-1: Actions Specified in the U.S. Climate Change Action Plan

Foundation Actions

e Launch the Climatc Challenge to encourage
clectric utilitics and other cligible firms to submit
voluntary greenhouse gas reduction portfolios

e Launch Climatc-Wisc Companics to cncourage
U.S. industry to take advantage of the
cnvironmental and cconomic benefits associated
with cnrrgy cfficicncy improvements and
greenhousc gas cmission reductions

Commercial Encrgy Efficicncy Actions

o Coordinatc DO/ Rebuild America and 1<P.1
[nergy Star Buildings

e Expand EPA's (ireen Lights Program

e Establish Statc Revolving Fund for Public
Buildings

e Expand Cost-Sharcd Demonstrations of Emerging
Technologics

e Establish Encrgy Efficicncy and Rencwable
Encrgy Information and Training Programs

Residential Encrgy Efficiency Actions

e Form Golden Carror Market-Pull Partnerships

e Enhancc Residential Appliance Standards

e Promotc Home Encrgy Rating Syvstems and
Encrgy-Efficient Mortgagces

e Expand Cool Communities Program in Citics and
Federal Facilitics

e Upgradec Residential Building Standards

e Crcatc Residential Encrgy Efficiency Programs
and Housing Technology Centers

Industrial Encrgy Efficiency Actions

e Crcatc a Motor Challenge Program

e Establish Golden Carrot Programs for Industrial
Air Compressors. Pumps. Fans and Drives

e Accclerate the Adoption of Encrgy-Efficient
Process Technologics Including the Creation of
Onc-Stop-Shops

e Expand and Enhance Encrgy and Diagnostic
Centers

e Accclerate Source Reduction. Pollution
Prcvention. and Recyceling

o Improve Efficiency of Fertilizer Nitrogen Usc

e Rceducce Pesticide Use

Transportation Actions
e Rcform the Federal Tax Subsidy for Emplover-
Provided Parking
e Adopt a Transportation System Efficiency
Strategy
e Promotc Greater Usc of Telecommuting
e Dcvelop Fuel Economy Labels for Tircs
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Encrgyv Supplv Actions

e Incrcasc Natural Gas Sharc of Encrgy Usc
Through Federal Regulatory Reform

e Promotc Scasonal Gas Usc for Control of Nitrogen
Oxides (Noy)

e Commercialize High Efficiency Gas Technologics

e Form Renewable Encrgy Market Mobilization
Collaborative and Technology Demonstrations

e Promotc Intcgrated Resource Planning

e Rectain and Improve Hydroclectric Generation at
Existing Dams

e Accclerate the Development of Efficiency
Standards for Elcctric Transformers

e Launch EPA Fnergy Star Transformers

¢ Rcducce Electric Generation Losses Through
Transmission Pricing Reform

Mcthane Reduction and Recovery Actions

Expand Natural Gas Star

Increasc Stringency of Landfill Rulcs

Expand Landfill Outrcach Program

Launch Coalbed Mcthane Outrcach Program

Expand RD&D for Mcthanc Recovery from Coal

Mining

e Expand RD&D for Mcthanc Recovery from
Landfills

e Expand.lgStar Partnership Program with
Livestock Producers

e Improve Ruminant Productivity and Product

Marketing

HFC. PFC and Nitrous Oxidec Reduction Actions

e Narrow Usc of High GWP Chcmicals Using the
Clcan Air Act and Product Stewardship to Reduce
Emissions

e Crcate Partnerships with Manufacturcrs of HCFC-
22 to Eliminatc HFC-23 Emissions

e Launch Partnership with Aluminum Producers to
Reduce Emissions From Manufacturing Processes

o Improve Efficiency of Fertilizer Nitrogen Usc

Forestrv Actions

e Reduce The Depletion of Nonindustrial Private
Forests

e Accclerate Tree Planting in Nonindustrial Private
Forests

e Accclerate Source Reduction. Pollution Prevention
and Recycling

e Expand Cool Communities Program in Citics and
Federal Facilitics
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CHAPTER 5
TECHNICAL APPROACHES AND SOURCE-SPECIFIC POLICY
OPTIONS

This chapter describes opportunitics for state policy-makers to control greenhouse gas emissions
from specific sources. To facilitate presentation. these opportunitics have been divided into technical
approaches and policy options. "Technical approaches” refer to technical or engineering methods which.
when implemented. will reduce emissions from the source category. "Policy options" arc instruments
through which onc or more technical approaches arc promoted. Exhibit 3-1 illustrates how these terms are
uscd in this chapter.

Exhibit 5-1
Examples of Terminology Used in Chapter S
Source Category Technical Approach Policy Option
Greenhouse Gascs from Reduce Vehicle Miles Traveled ¢ Improvc Mass Transit Systcms

the Transportation Scctor

¢ Providec Incentives to Employecs to
Establish Van Pools

¢ Dcvelop Tele-Commuting
Programs

Mcthane from Landfills Recover and Use Mcthanc Gas ¢ Sponsor Technology Demonstration
Projects

¢ Dcvelop Tax Credits for Mcthane
Reccovery Projects

¢ [nitiatc Rcgulatory Requirements to
Capturc Gas

Information r¢garding c¢missions. and approachcs to reducing cmissions. arc not always casily
catcgorized for policy analvsis. The emissions sources or grouping of gascs to preparc cmissions
inventories are often scicentifically based and do not necessanily support effective policy analvsis and
development. This part of the document is gencerally organized around the cmissions source catcgorics
from the States Workbook. but adjusts thosc categorics where appropriate to facilitate policy development.
Exhibit 5-2 shows the relationship between the emissions sources defined in the Stares Workbook and
catcgorics used to organize this chapter.

Within cach source catcgory information is presented in the following format:
e An introduction to the source catcgory summarnzes how specific greenhouse gases are gencrated

and ¢mitted by the source and discusscs federal. state. and local policy objectives that may be
rclevant to emission reductions.



Exhibit S-2

Emissions Source Category As Defined Source Categories Described in
in Phase 1 Workbook Chapter S of This Document
Greenhouse Gases from the Residential Scctor >
Greenhouse Gases from the Commercial Scctor > Greenhouse Gases from Encrgy Consumption:
Demand-side Mcasures
Greenhouse Gases from the Industrial Sector >
Greenhouse Gases from the Electric Utility Scctor > Greenhouse Gases from Electricity Generation:
Supply Side Mcasurcs
Greenhouse Gases from the Transportation Scctor > Greenhouse Gases from the Transportation Scctor
Greenhouse Gascs from Production Proccsscs > Not addressed in Chapter 5
Mcthane from Oil & Natural Gas Systcms > Mcthane from Oil & Natural Gas Systcms
Mcthane from Coal Mining > Mcthane from Coal Mining
Mecthane from Landfills > Mecthane from Landfills
Mecthanc from Domcsticatcd Animals > Mecthanc from Domcsticatcd Animals
Mecthane from Manurc Management > Mcthane from Animal Manurc
Mcthanc from Floodced Rice Ficlds > Mcthanc from Floodced Rice Ficlds
Nitrous Oxide from Fertilizer Use > Nitrous Oxide from Fertilizer Use
Greenhouse Gases Duc to Changes in Forests and > Emissions Associated with Forested Lands
Woody Biomass Stocks
Greenhouse Gas Reductions/Scquestration from >
Forestry Projects
Greenhouse Gascs Duc to Conversion of > Not addressed in Chapter 5
Grasslands to Cultivated Lands
Greenhouse Gas Emissions from the Abandonment | » Not addressed in Chapter 5
of Managed Lands
Mcthanc Emissions from Wastewater Treatment > Not addressed in Chapter 5
Greenhouse Gases from Burning of Agricultural > Greenhouse Gases from Burning of Agricultural
Wastcs Wastcs

e Each rechnical approach to emissions reduction is presented. including a general description of the
approach along with associatcd administrative and implementation considerations. such as
cmission reductions. cost. time frame. key drawbacks or limitations. possible ancillary cffects. and
rclated cxamples.

e [Policy options for cach technical approach suggest ways statc govermments might be able to
promotc and implement that approach. drawing from a wide vancty of perspectives and examplcs.

As the introduction to Part 11 of this document ¢xplains. "cross-cutting” issucs or policy options
that potentially affect more than one source category in this chapter arc ¢laborated in Chapter 6. Once
important cross-cutting issuc of which policv-makers should be aware. and that affects or is affected by all
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source catcgorics. is that greenhousc gascs arc linked to encrgy consumption in all sectors. While Scction
5.1 examings this issuc. it 1s important to notc that ¢ncrgy consumption in all scctors of socicty result in
greenhousce gas production. This encompasses. for example. agricultural. forestry. industrial. and
residential concerns. This issuc 1s too broad to cxamine exclusively and conciscly without considerning its
rclevance in the context of all other ecmission sources. Accordingly. the rest of this document makes
specific reference to energy consumption issucs where appropriate.

The information summarized in this chapter is designed to be used selectively. allowing policy-
makers to focus on the specific sources in which they are most interested.  This document docs not
advocatc particular approaches or options.

5.1 GREENHOUSE GASES FROM ENERGY CONSUMPTION: DEMAND-SIDE
MEASURES

Carbon dioxide is cmitted through combustion of fossil- and biomass-bascd fucls to produce dircct
heat and stecam. and to gencerate clectricity. cither at utility plants or directly on-site where the encrgy will
be consumed. The amount of carbon dioxide released to the atmosphere is directly proportional to the
carbon content of the fucl used. Coal is the most widelv used of all fossil fucls for clectricity gencration
and has the highest carbon content. natural gas is sccond in clectricity gencration usc while third in carbon
content. and oil is third for clectricity gencration but second in carbon content. In the U.S.. clectricity use
by the residential. commercial. and industrial scctors cach accounts for about onc-third of total carbon
dioxide cmissions.

Scveral perspectives may help policy-makers identifv measures to decrcase energy sector carbon
dioxide cmissions:

e  First. cmissions reductions can be achicved through actions taken cither to reduce energy
consumption or to alter cnergy supply.

e Sccond. these actions can reduce cmissions cither by reducing energy consumption or by
improving the cfficicncy with which energy is used. Decreasing the number of processes used.
commonly called energy conscrvation. requires a reoricntation of business practices and lifestyles.
such as utilizing different transportation networks or following non-tyvpical work schedules.
Encrgyv-cfficicney options. on the other hand. achicve the same level of output or activity while
using less energy. often through improved technology. A more cfficient fumace. for example. may
allow a houschold to maintain the same or ¢ven higher indoor temperature while using less fucl.

Third. cither encrgy conscrvation or encrgyv-cfficiency options on the consumption- or supplyv-side
can be cexcercised using a varicty of policy levers. At the state level this usually means cither
undcrtaking direct encrgy planning and programmatic initiatives through state energy. natural
recsources. and cconomic development offices (as many states have since the mid-to-late-1970s). or
using utility rcgulatory authority to ¢cncourage or mandate utility involvement in energy

"The burning of biomass-bascd fucls (wood. agricultural rcfusc. ctc.) also rclcascs carbon dioxide. However.
biomass burning rclcascs carbon that was scquestered from the atmosphere to begin with. rather than relcasing
carbon that was previously stored deep in the carth as is the case with fossil fucls. In this context. combustion of
biomass fucls that arc sustainably grown (mcaning cach time biomass crops arc harvested they arc replaced with
new plants and trees) does not significantly affect the atmospheric carbon balance while burning fossil fucls docs.



conscrvation. energy cfficiency. and load management programs (as has been done increasingly
since the 1980s).

The remainder of Scetion 5.1 addresscs encrgy consumption. It identifics technical approaches for
improving cnergy efficicney and bricfly outlines both direct state actions and regulatory ageney-driven
utility actions to implement those approaches. Scction 3.2 presents energy production issucs. Chapter 6
discusscs specific policy options for reducing energy demand and increasing supply of low-carbon or no-
carbon cnergy.

While separated here for descriptive clarity. these three sections are linked and should be
considered together during policy analvsis and development.  Each scction. for example. highlights how
both the consumers and the produccers of clectricity can take actions to affect encrgy demand and supply.
and cach scction also points out how. in many circumstances. certain facilitics can simultancously act as
cnergy consumers and producers. Because of wide variations among the states. the information provided
here should be considered as background to be investigated and clanificd further as it applics to distinct
statc circumstances.

Introduction To Consumption-Side Issues and Demand-Side Management

Between 1973 and 1986. conscrvation and cfficiency measures. combined with strategic energy
planning and increased usc of renewable energy sources. helped keep U.S. energy consumption at nearly
constant lcvels while the country's gross national product grew by thirty-five percent. This demonstrates
the significant potential for reducing the cconomy's energy intensity. Enormous opportunitics for further
demand reduction are still available using existing and newly developed conservation and cfficiency
measures.

Demand-side management (DSM) is the term for programs that focus on getting end-uscrs to
consume less energy. These programs arc administered by a wide range of entitics. ranging from utilitics to
state agencices. local govermments. community action agencics. and not-for-profit organizations. Basic
tvpes of demand-side management programs include:

e Building or business audits to identify potential energy savings:

e Pcrformance based rebates paid on a per-kilowatt or per-kilowatt conscrved basis:

e Tcchnology bascd rebates for specific encrgyv-cfficicncy measures such as compact fluorcscent
lights and occupant scnsing light switches:

e Reduced interest financing for energv-cfficicncy investments:
e Dircct installation of encrgyv-cfficient cquipment:
e Encrgy load management programs designed to shift consumption of cnergy to different times of

the day. including time-of-day pricing and peak-load pricing. imposition of demand charges. and
voluntary load shifting agrcements with particular commercial and industrial customers:



e Educational and advertising campaigns
targcted cither at the general public or at
specific commercial or industnal scctors:
and

o End-usc fucl substitution.

A large array of federal. state. and local
policics affcet the energy sector and influcnce
demand-side issucs. The Federal Energy
Regulatory Commission (FERC). for example.
has jurisdiction over wholesale (inter-utility)

power transactions and natural gas transportation.

whilg statcs have traditionally regulated utilitics
through public utilits commissions (PUCs). which
oversee rate sctting and approve energy supply
¢xpansion and power plant construction.
Additionally. pollutant discharges from utilitics
ar¢ regulated by an intertwined network of
federal. state. and local ¢nvironmental statutcs.
Federal laws that directly affect energy-related
cmissions and the operation of utility companics
include the Clean Air Act (CAA). the Public
Utilitics Holding Company Act (PUHCA). the

Public Utilitics Regulatory Policics Act (PURPA).

the Federal Power Act. the Natural Gas Policy
Act. and the Encrgy Policy Act of 1992 (EPAct).
Additionally. the federal government administers
scveral programs to encourage cnergy efficicncy
and demand-side management. These include. for
cxample. EPA's "Green Lights" program. which
providcs information. c¢ducation. and technical
assistance to businesses and state and local
govemments to cncourage usc of encrgyv-cfficient

Exhibit 5-3: EPA's Energy Star Buildings
and Green Lights Program

EPA's Encrgy Star Buildings and Green
Lights Program is dcsigned to reduce pollution.
promote public-private partnerships. usc market
forces. and recognize environmental leadership.
Participants in the Program sign a Mcmorandum
of Understanding committing them to perform
upgradcs where profitable — Green Lights
participants upgrade lighting within 5 vears. and
Encrgy Star Buildings participants fulfill Green
Lights commitments and perform whole-building
upgrades within 7 vears. In retum. EPA
providcs technical support targeted to overcome
barricrs. such as statc-of-the-art software to
support decision-making. technical information
on building syvstems. reports on lighting products.
and networking with equipment manufacturers.
EPA also provides opportunitics for public
rccognition.

As of August 31. 1997. there were 2.487
participants. whosc combined commitment to
perform lighting upgrades exceeded 3.5 billion
squarc fcet. The annual emissions avoided by
the program is cstimated at over 3 million tons of
CO-. 25.000 tons of SO-. and 11.000 tons of
NO.. In terms of cncrgy. over 4.5 billion kWh.
or $3335 million. has been saved. For more
information. contact the Encrgy Star & Green

Lights Hotlinc at 888/STAR-YES.

lighting. EPA has expandcd this voluntary program to include other encrgy uscs such as heating and
cooling. industrial motors. and computer cquipment in its Encrgy Star program. In addition. the
Department of Encrgy (DOE) scts minimum cnergy-cfficiency standards. under the National Appliance
Encrgy Conscrvation Act (NAECA). for certain appliances. DOE also administers many programs to
rescarch and promote encrgy cfficiency. including public information initiatives requiring disclosure of
cfficicney ratings for competing appliances and programs that target rescarch on energy use in buildings.

State and local govermments have cnormous opportunity to supplement federal actions because they
rctain jurisdiction in policy arcas. including utility rate reform. city and regional planning. and cstablishing
building codes (scc Chapter 6). In addition. proximity to local encrgy usc allows states to promote policics
that considers their unique opportunitics and constraints.

Through greenhousc-gas reducing actions in the energy sector. state and local govemments also
support other policy objectives. Foremost. policics that affect energy consumption and production can
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rcduce emission of air and water pollutants and support local cconomic development. For example. some
statcs arc promoting and supporting cnergy cfficiency as a way of lowering industry' costs in order to
attract investments and increasc their state's cconomic productivity and competitivencss.

However. demand-side management programs around the country' have often been slow to take
hold as an cffective mechanism for helping regions meet their energy needs. While the technologics to
support large-scale cnergy efficiency have existed for several vears. those technologics in most cascs have
not substantially penctrated the residential. commercial. or industrial scctors. This problem is rooted in a
sct of common institutional and political barners. summarized below. that cither prevent development of
more energy-cfficient practices or actually promote wasteful actions:

o Perceived High Initial Cost and Delayed Return on Investment in Inergy Lfficient Technology.
Many energy efficient technologics have higher up-front costs than the standard technologics they
could replace. Compact fluorescent light bulbs. for example. can cost up to fiftecen times as much
as standard incandescent bulbs: the value of the clectricity savings. however. significantly
outweighs these costs but may not be realized for some period of time. Consumers and firms may
accordingly choosc not to make the investment. Additionally. new technologics can require extra
time and cffort to install and potential consumers often view installation as contributing to initial
costs.

e Lack of Information. Consumers and firms arc often uninformed about the cost. performance. and
rcliability of cfficient technologics. Furthcrmore. preconceptions of problematic carly energy-
cfficiency technologics persist. and may dissuade consumers from choosing energy cfficient
products and processes. In general. people are also unaware of the connection between energy
usage and environmental degradation.

o Low Priority Given to Energy Consumption. Encrgy costs tyvpically represent a small fraction of a
firm's ovcrall budgct: busincsses focused on producing quality products for customers often
overlook opportunitics for savings through energy cfficiency.

e Low Inergy Costs. Low energy costs have the dual effect of reducing the need for energy
cfficicney in consumers' minds and reducing the retum of investments in energy-cfficient
technology.

e Limited Availability. Encrgv-cfficicney technologics in the residential. commercial. and industrial
scctors arc generally available only in selected geographic arcas. often where they are targeted by
government or utility programs. or where there exists substantial customer demand.
Correspondingly. retailers in rural arcas are less likely to stock unknown or risky products.

o JPopular Attitude and Consumer Habits. The use of unconventional technologics. such as wind
gencrators. solar clectric. solar thermal. or waste-to-energy plants may encounter resistance duc to
the "not-in-my-back-vard" syndrome. where communities reject the construction of some facilitics
in their neighborhoods because of acsthetic. health. or other concems.  Similarly. technologics or
processcs that require changes in established busingss or personal routines can encounter
resistance.

" While some cnergy -cfficient technologics cost more than their less cfficicnt counterparts. the usc of integrated
approaches to improving building cnergy cfficiency can lcad to lower up front costs through downsizing of heating,.
ventilation. and air conditioning (HVAC) systcm components.



o [naccurate Price Signals. The prices sct for clectricity and gas may not accurately reflect the
actual costs of supplving energy at different times of the day and vear. By not facing the actual
costs of cnergy service. consumers choose levels of consumption that arc suboptimal from socicty's
perspective.

Reducing these barriers is the objective of direct statec and PUC-driven DSM policics and
programs. The barricrs' complex and varied nature means that a successful state strategy for reducing
them must itsclf be multi-faceted and comprehensive. The next section describes bricfly the tvpes of
technical approaches available for reducing energy consumption in the residential. commercial. and
industrial scctors. Scctions 3.1.2 and 3.1.3 then outling the tvpes of state policy actions that can be taken
to cncourage adoption of these technical approaches. Scctions 3.1.4 and 3.1.5 provide additional details on
approaches for reducing encrgy consumption in the agricultural scctor and in urban arcas through the use
of tree-planting.

5.1.1  Technical Approaches for Improving Energy Efficiency and Reducing Energy Use
DESCRIPTION

Aggregate encrgy consumption is the product of millions of individual decisions on the tvpe and
level of energy service desired. the tyvpes of cquipment and fuel to usc to provide the desired service. the
tvpes of buildings in which we live and work. and the kinds of commercial services and manufactured
products w¢ buy. This includcs. for example. the amount of encrgy used to produce heat. light. hot watcr.
or manufactured products. Technical approaches for reducing greenhouse gas emissions represent energy
consumers' altemnatives for reducing the amount of. or altering the source of ¢nergy used to producce a
desired level of energy serviees.

These approaches fall into three gencral categorics: improving cnergy efficiency: shifting energy
consumption patterns (i.¢.. load shifting): and fucl switching. Encrgv-cfficicncy improvements can be
further divided along three lines: building measures (¢.g.. building shell measures to reduce heating/cooling
requirements): cquipment improvements: and process changes. Thesc are the exact technical approaches.
claborated in more detail below. that the policics outlined in the remaining parts of this section (5.1.2
through 3.1.3) aim to promotc. These measures offer significant opportunitics for reducing greenhouse gas
cmissions. Significant energy improvements are available for addressing cach of these factors.

Building Shell Measures. Approaches to improve the cfficicney of building shells include a wide range
of building dcsign. construction. landscaping. and retrofit actions. Major decreases in energy use
can be achicved by increasing insulation levels. installing improved window technologics. orienting
the building to take advantage of the sun for heating. using thermal mass for storing solar cnergy.
and minimizing north-facing window arca. Interior design can emphasize minimizing of ventilation
cnergy requirements. While many building shell approaches are practical onlyv during the design
and construction of buildings. significant cnergy savings arc available through shell retrofit
mcasures designed to reduce infiltration and heat loss.

‘In existing residential and commercial buildings. energy usc for heating and cooling accounts for around 57
percent of carbon dioxide cmissions. appliances account for around 20 pereent. lighting for about 14 percent. and
hot water for around 9 pcreent (OTA. 1991).



Device or Igquipment Measures. These measures replace existing energyv-using cquipment with
more cfficient technologics. and arc available for cvery energy end usc at cfficiencics substantially
above current levels. The applicability of energy cfficient cquipment in anv given casc. however.
can be limited by technical. operational or cconomic barncrs.

Process Measures. Substantial energyv-cfficiency gains can be achicved through changes in the
processes used to produce goods and services. Processes can range from substituting an energyv-
cfficient fax machine or clectronic-mail svstem for air couricrs to the adoption of clectric arc

fumaces and installation of cogencration
svstems to make usc of waste heat in
industrial and other facilitics.

Load Shifiing. Load shifting changes
energy consumption patterns to different
timgs of the dav to reduce excess energy
demand at peak hours. Load shifting
docs not dircctly increase energy
consumption cfficicncy. but it can lcad to
morc cfficicnt operation and reduced
cmissions by cnergy supplicrs. Electric
utilitics make significant usc of programs
to clectronically eyvele air conditioners
during pcak periods. and peak load
pricing programs to shift consumption to
off-pcak hours. to increasc the cfficicney
and lower the costs of power generation.
The potential for cmission reductions
from load shifting depends on the specific
fucl mix and operating charactcristics of
cach utility.,

Fuel Switching. The substitution of onc
cnergy source for another often is an
cffective way to reduce greenhouse gas
cmissions. This can occur at sites that
provide power. such as large clectricity
gencrating stations. or on a much smaller
scale such as in thec home. Substituting
gas for clectricity to heat watcr. for

Exhibit 5-5: Energy Efficient Library in
North Carolina

In 1982. the town commissioncrs of Mt.
Airv. North Carolina. planned construction of a
librarv that consumcs 70 pereent Iess energy than
a conventional building. By using clerestorics
(skvlights where the glass is mounted
perpendicular to the roof) across the top of the
librarv. the building provides glare-free. diffusc
light to all comers of the library without dircctly
illuminating the stacks. thereby climinating
unwanted heat and glare as well as minimizing
damage to the books from sunlight. As a result.
the clectricity used for lighting was reduced to
onlyv ong¢-cighth of the total cnergy consumption
for the building. as compared to the national
average of about onc-fourth. The building design
also incorporates insulation and a zoned svstem
of hcat pumps. Although the construction cost
was $88 dollars per squarc foot (as compared to
$79 per squarc foot for a conventional building).
the librarv was found to use 33 percent less
cnergy than a conventional design.  Furthcrmore.
the librarv uses 90 pereent less energy than the
Mt. Airv City Hall. a building of comparable
sizc.

cxample. can lcad to a reduction in power plant fucl consumption and ¢missions. Altcrnatively.
replacing current gas technologics with very efficient clectrotechnologics can produce net system
reductions in cnergy use and emissions. even after accounting for the losscs in the generation and
transmission of clectricity. As with load shifting. the energy and emissions reductions realized by
fuel switching depend heavily on the specific situation.




CONSIDERATIONS

Two general factors influence
whether any given technical approach is
feasible. The first concems whether an
approach can be implemented in new.
rctrofit. and/or replacement situations. Some
approaches are feasible only when a building
is being constructed since they are key
clements of the structure's design. Other
mcasurcs arc feasible whenever existing
cquipment is replaced duc to failure. while
still other options can be retrofitted at any
time. Encrgy used for heating buildings. for
cxample. is determined in large part by the
tvpe of building. the quality of its
construction. and level of thermal integrity
Although building thermal integrity can be
improved by retrofitting it with better
insulation. oncg built. the building's basic
heating and cooling requircment can scldom
be changed and thercfore applics for its
remaining lifc. measured in decades.

The sccond factor affecting the
feasibility of the technical approaches listed
abovc is that some cnergy—cfficicney options
arc not compatible with existing cquipment
or cnergy service needs. Replacing clectric
resistance heating in a home with an cfficient
heat pump. for example. may be impractical
if thc home docs not contain any duct work.
Certain commercial HVAC systems arc

Exhibit 5-6: Home Energy Rating System in
Indiana

The Indiana Department of Commerce. Office of
Encrgy Policy is coordinating the design and
implementation of a Home Encrgy Rating System/
Encrgy Efficicnt Mortgage (HERS/EEM) program.
The HERS/EEM mechanism will have two
components. The first is a rating svstem that will
classify new and cxisting homes according to their
cnergy cfficiency. This cfficiency rating will provide
cstimates of utility costs and may include
rccommendations for specific energy improvements.
The sccond component allows mortgage lendcers to
incorporate the lower energy bill expected in a more
cnergy-cfficient house when cvaluating mortgage
applications. The goal of the program is to improve
the energy cfficiency of Indiana homes and to allow
home buyers to make better informed decisions
rcgarding the costs of operating a home. Contract
ncgotiations have begun with Encrgy Rated Homes of
Amgrica to provide the rating system for this
program. Once the rating tool is customized for
Indiana's nceds. a pilot program will be initiated in
Lake and Porter Countics.  Significant progress is
being made in this effort because of the dedicated
coopceration of Indiana's builders. lenders. real estate
profcssionals. and utilitics.

suited only to certain applications and/or climate zoncs. or the lighting needs of a retail store may not be

compatiblc with the most cfficient tvpe of lighting systems available. The key to suceessful implementation

of energyv-cfficicncy options. therefore. is to target the sclected approaches to those segments of the market
in which the specific approaches are practical. feasible. and ¢conomic,

As stated above. the following scctions outline policy options for instituting these technical

approaches to reducing greenhouse gas cmissions.

5.1.2  Direct State Actions to Promote Energy Efficiency

DESCRIPTION

Dircct state actions to ¢ncourage adoption of the technical approaches described above usually fit

within five catcgorics:




e dircct actions to apply these approaches in statc-controlled facilitics:

o tcchnical assistance and similar cfforts to support houschold. busincss. and local government ¢fforts to
reduce energy consumption:

e financial incentive or dircct assistance programs. including tax credits. loans. and grants for cnergy-
cfficicncy investments:

e cnergyv=cfficiency rescarch. development. and demonstration projects: and
e cnactment and enforcement of building codes and energy use standards.
CONSIDERATIONS

States historically have plaved an active role in promoting cnergy cfficicney. Beginning in the mid-
1970s. most statcs took advantage of federal funding to create energy offices to develop and implement
federally-initiated programs. The federal programs gencerally allowed states substantial discretion in the
design and implementation of programs. lcading to a diversity of creative approaches to energy cfficicncey.

However. direct federal support for state activitics dropped off substantially in the 1980s. lcading
to a reduction in state activity. During this time the availability of monics from petrolcum violation funds.
combined with a number of individual state initiatives. allowed many states to continue promotion of
cnergyv-cfficicncy investments.

Although the availability of funding for dircct state actions may continuc to be constrained. state
and local governments posscss a wide array of policy options to assist houscholds and busingsses to reduce
cnergy consumption. Innovative use of these options can produce substantial energy. ¢cconomic. and
cnvironmental benefits,

A cntical rolc in this proccss for state and local governments is the adoption of broad encrgy usc or
cnergyv-cfficiency standards that guide building construction. often through mandatory statc or local
building codes. Onc sct of standards that is often used by states as well as the federal government is that
produced by the American Socicty of Heating. Refrigerating and Air-Conditioning Engincers (ASHRAE).
ASHRAE is a voluntary body of professional enginceers who are familiar with the technical and cconomic
issucs surrounding cnergy cfficicney. Additionally. a scrics of modcl building codes produced penodically
by the Council of American Building Officials provides guidance for statc and local governments on
cnergy-cfficicncy measures.

In most arcas of the country. however. states and localitics consider new standards and codes only
as they go through a normal building standards review cvele. This can create a lag of scveral vears
between the time a new sct of standards or modcl codes are produced and the time states and localitics
adopt them or integrate their recommendations. frequently delaving use of the most modem (and sometimes
the most profitable. because of related encrgy savings) building measures. Adoption of these standards and
codces is also frequently subject to high levels of political controversy duc to their impact on different
private and public scctor stakcholders and their varving geographical applicability. To remedy the problem
of statcs not upgrading their standards to the most encrgy cfficient measures. EPAct strongly ¢ncourages
statcs to adopt cncrgv-cfficicncy provisions that are at Icast cquivalent to the ASHRAE standards for



commercial buildings and to the 1992 Modcl Encrgy Code for residential buildings. States including
Florda. lowa. Indiana. New York. Washington and California have been particularly aggressive in
adopting and implementing cnergyv-cfficicncy standards.

Promoting cnergy cfficicney in
existing buildings (as opposcd to in new
structurcs) is complicated for several
additional rcasons. Forecmost. there have
traditionally been few cfficiency standards for
existing buildings. ASHRAE produced the
first of such standards to complement their
cstablished new building standards. In
addition. some arcas currently require
cfficicney upgrades when buildings arc
rcnovated. One Florida standard. for
cxample. now adviscs that existing structurcs
being renovated at a cost of more than fifty
percent of their value must be brought into
compliance with energv—cfficicney codes.

Exhibit 5-7: Light-Colored Roofing in Arizona

To help offsct the urban "heat island” cffect.
where asphalt and lack of trees raise temperatures in
citv arcas. the city of Mcesa. Arizona replaced or re-
coatcd the roofs of four buildings with light-colored
insulation board and sprav stvrofoam as part of an
cnergy retrofit. Because light-colored surfaces
rcduce the amount of heat that a city absorbs. thev
can improve the energy cfficiency of individual
buildings. Prior to the retrofit. cach of the buildings
had a dark green or black roof and no insulation.
The new light-colored roof will remain cooler on
sunny davs than a darker roof. reducing the cooling
load in the upper floors of the building. Additionally.
light surfaces radiate heat as cffectively as dark
surfaces and will radiate heat into a building. As a
result. the new roofs are expected to reduce the
heating and cooling load attnbuted to the roof by 20
to 30 pereent. The estimated pavback for this
mcasurc is quite long. about 20 vears. However. this
project was complcted as part of a retrofit that
included the installation of energy cfficient lighting
and heating. and improvements in ventilating and air
conditioning (HVAC) svstems. which all have much
shorter pavbacks. Thus. most of the savings from the
centire retrofit will be realized sooner.

Besides the general need for building
standards and codcs. the barricrs discussed
carlicr in this scction also affect consumer
willingness to improve energy cfficicncy in
existing buildings. Overall. the residential or
commgrcial landowncrs. managers. and
renters who may decide whether to improve
cnergy cfficieney in buildings frequently are
not awarc of the bencfits. belicve it will be
costly. or think it will interfere with their
schedules and operations.

Usuallv. the basic incentive to
upgrade the level of encrgy efficiency in a
building is to save money. However. two distinct tyvpes of disincentives often inhibit these tvpes of
upgradces from occurring. First. tcnants may feel that they will inhabit their building for short or uncertain
periods of time and therefore hesitate to make investments for which they may not capture the long term
benefits. Scecond. potential investors in energy cfficiency often do not pay the clectric bills and therefore do
not rcalize the benefits. For example. a landlord is rarcly concemed about his/her tenants”™ future ¢lectricity
bills and therefore has no incentive to upgrade energy-cfficiency.

Another distinct factor inhibiting cfficicncy upgrades in cexisting buildings is the slow replacement
ratc of existing cquipment. In the residential sector. for example. most homes in the U.S. already have
water heaters. refnigerators. clectric lights. and central heating and/or air conditioning. The replacement
ratc of these items with more cfficient oncs generally depends on the installed appliances' expected
lifctimes. which can range from five to twenty vears or more.



POLICY OPTIONS

o Develop Institutional Planning and Support Structures. States without existing agencies to deal
with energy issucs may consider developing them as a means for conducting planning and analvsis.
administering programs. and providing support for utilitics. industry. and consumers. In many
states these agencies have been instrumental in facilitating energy-cfficicncy measures.

o [Institute Long-Range Planning. Many states. including lowa. Illinois. New York. Vermont. and
Washington mandatc cnergy agencies to provide asscssments of state energy consumption as well
as potential wavs to increase cfficiency. reduce energy dependence. and increasce usc of renewable
energy resources. These plans provide valuable focal points for policy development through time
and across the cconomic scctors that affect a state's energy consumption.

o [acilitate Interaction Between DSM Program Sponsors and Potential Customers. States are in a
unique position to facilitate intcractions between a variety of important participants and
stakcholdcrs in the energy—cfficiency ficld. For example. states may act as the liaison between
federal energyv-cfficiency programs and local industrics and governments. or between utilitics and
potential commercial or industrial energyv-cfficiency clients. The "Super Good Cents" program in
the Pacific Northwest. for example. is a state-utility partnership that involves providing technical
information and training. as well as rebates to consumers for encrgy-cfficiency investments in their
homes.

e In addition. statc governments can Icad collaborative cfforts involving government agencics.
utilitics. cnergy service companics. customers. and advocacy groups to develop conscensus
approaches to energyv-¢fficicney policics and programs.

e Rationalize State Tax Policy. Although practice varics from state to statc. tax policics often favor
cnergy consumption over energy cfficiency. In some states. purchases of gas and clectricity are
cxempted from states taxes. while encrgyv-cfficiency investments (more cfficient cquipment.
insulation. ¢tc.) ar¢ not. At a minimum. tax policy may ccase to favor consumption over
cfficicney. but may further serve to discourage incfficient consumption.

e Provide Information and Iiducation. States can gather and disseminate information (often
working with utilitics) on the cnergy and financial implications of energy-cfficiency projects in
certain tyvpes of buildings and facilitics and promote rescarch. development. and demonstration
projects. Through their university svstems states may also promote energyv-cfficiency training in
professional planning and urban design programs.

o Take Dircet Action to Reduce Energy Consumption in State l-acilities. States can reduce cnergy
consumption on their own propertics. including schools and low-income housing projects. lowa.
for cxample. undertook an cenergy-cfficicncy improvement program designed to make all of its
public school buildings cnergy cfficient by 1995, Such programs may involve retrofitting cxisting
state facilitics. changing statc building and procurcment practices to require energy-cfficicncy
investments. and modifving state building design requirements.  For example. Florida has initiated
a broad cffort to reduce energy consumption in state facilitics by 30 pereent within three vears.
The statc also plans to usc this ¢ffort as a modcl for local governments and the private sector.



o [Istablish and Inforce Lificiency Standards and Codes. Statcs mayv wish to ¢ncourage more
intcgrated and aggressive approaches to promoting cnergy efficiency in buildings by supporting
and strengthening disparate and outdated building codes. In addition. states should develop
mcchanisms for agencics to enforce the codes they adopt. An initiative in Flonda. for example.
requires construction agencics to disclose the material content of their buildings to building
inspectors and to the buver: this cstablishes a stronger feedback loop and trail of lLability if
buildings arc not built to cnergy-cfficiency specifications. providing incentives for contractors to
adhere strictly to the codes. EPAct encourages states to adopt energy-cfficicney provisions at Icast
cqual to ASHRAE standards for commercial buildings and the 1992 modcl Encrgy Code from the
Council of American Building Officials for residential structures.

o Demonstrate Building Lfficiency Measures and lacilitate Inergy-Lificiency Programs. Statcs
arc uniquely situated to initiate energy-cfficicncy demonstration projects in buildings (often using
their own facilitics) and to publicize resulting information on ¢ncrgy and cost savings. Similarly.
states arc often well-situated to coordinate interactions between landlords and tenants. especially in
the commercial scctor. in order to facilitate cfficicncy improvements in existing buildings.
Programs to achicve these goals can include innovative approaches such as sctting minimum
cfficiency standards for rental propertics or developing shared savings programs where landlords
and tenants both benefit from energy-—cfficiencey investments.

o Provide l'inancial Incentives for Lificiency Improvements. States can provide financial incentives
for accelerating cquipment replacement rates through tax credits or low interest loans on ¢fficicncy
improvements. by taxing incfficient appliances and cquipment. or by working with utilitics to
sponsor rcbate programs that induce consumers to purchase cfficient products. Hundreds of these
tvpes of programs exist throughout the country. For example. the State of Orcgon offers a 35
percent Business Encrgy Tax Credit and a Small Scale Encrgy Loan Program. Similar programs
arc supported by the Indiana State Encrgy Office through innovative public and private
partnerships.

5.1.3 Policies to Promote Energy Efficiency, Renewable Energy, and Carbon Offsets
DESCRIPTION

In the recent past. state energy officials and utility regulators have promoted measures to increase
cnergy cfficiency. in order to reduce the energy costs bome by state residents. State officials have worked
with clectric and gas utilitics to promote energy cfficiency in programs termed cither demand-side
management (DSM) or integrated resource planning (IRP).

With dercgulation of the clectric utility scctor. the opportunitics available to state officials to
promote energy cfficicney arc changing. Once clectricity generation is dercgulated in a state. prices will be
sct by market forees. State officials will no longer regulate clectricity prices. and thus will not have the
opportunity to ¢nsure that utilitics cmploy conservation measures where these are less costly than new
genceration. Nor will state officials have much direct influence over new supplicrs of clectricity that enter
the market after deregulation.

At the same time. however. deregulation will provide opportunitics for states to indircctly influcnce
the markets for cnergy and encrgy conservation. These opportunitics can be uscd to promote energyv-
cfficicncy and fucls with relatively low GHG emissions.



CONSIDERATIONS

Electric and natural gas scrvice reaches virtually eveny houschold. and these energy sources supply
the majority of cnergy used by houscholds and businesscs. Policics that serve to reduce emissions from the
use of clectncity and natural gas can have a major influcnce on a state’s level of greenhouse gas cmissions.

POLICY OPTIONS

Chapter 6 discusses five policy options for reducing GHG cmissions through energy conscrvation.
renewable encrgy. and carbon offscts in the clectric utility sector. The following options arc described in
Section 6.1:

o [nsure Infrastructure Access for Small Power Producers. and Promote Purchase of “Green
Power”

o Institute a “Social Bencefits” Charge or a Carbon Tax on Electricity Generation

o Promote Voluntary Adoption of Energy-Saving Technologies

o [Istablish or Support Carbon Offset Programs

o Support Emission Trading Programs

As utility dercgulation proceeds. states may consider one or more of these policy options to reduce
greenhouse gascs in the energy sector: many of these options can reduce energy costs for state residents.

5.1.4 Conserve Energy Through Improved Industrial, Agricultural, and Municipal Waste
Management Processes

The preceding subsections have outlined technical approaches for improving encrgy efficiency. and
described general policy approaches -- Direct State Action and PUC Policies -- for encouraging these
actions. Most of the technical approaches and policy options apply cqually to the residential. commercial.
and industrial scctors. Howcever. the industrial sector presents a challenge to policy-makers because of its
diversity. the relative magnitudes of the savings available from individual industrial facilitics. and the
investment costs required to achieve these savings. The agricultural scctor presents challenges as well
because many of the policy options exercised in other sectors are not applicable to agriculture. Perhaps
morc important. PUC-directed utility DSM programs may not be available to rural customers who are
scrved by rural clectric cooperatives. In the municipal solid waste management sector. decisions are
tvpically made at the local government Ievel. For these reasons. industrial. agricultural. and municipal
waste management policy options arc considered apart from the previous discussion.

These scctors use large amounts of energy to produce goods. including heavy industrial products.
consumer products (which may result in generation of MSW). and food. Many industrial and
manufacturing technologics for extracting. refining. and processing raw materials and for building a variety
of finished goods arc extremely energyv-intensive. Similarly. modem farms grow. harvest. and refine crops.
maintain livestock. and process meat and dairy products using machinery and cquipment that draw large
amounts of cnergy. There is cnormous potential for conserving energy in these sectors by utilizing energy
cfficient machinery and processcs. and by increasing source reduction and recycling (because tvpically Iess
energy is used when reeveled inputs are used in place of virgin inputs). Actions to reduce energy use may
also bring significant ancillary: benefits. like reduced costs and improved productivity. and thercfore general
cconomic stimulation in the regions where the industries and farms arc located.



Because they span most tvpes of industries. manufacturers. and farms. the range of approaches for
rcducing cnergy consumption in these scctors is too situation-specific to present here. The general energy
conscrvation principle is that these energy consumers can cither improve their machinery and technologics
to utilize less encrgy. or they can use the byv-products (sometimes just heat) from their operations to
producc cnergy on-site. The latter process often utilizes formerly wasted resources and supplants the need
to draw so much power from traditional sources. Scction 5.2 claborates on these tvpes of renewable energy
production proccsscs.

Examplcs of the first category of energy cfficient processes include use of varnable speed motors
that adjust continuously to meet work load demand. thus saving encrgy when work loads arc light. and the
usc of infrared rather than more energyv-intensive thermal processes for drving grain or for drving fresh
paint on consumer products.

Several specific constraints. however. mayv inhibit cfforts to improve cnergy cfficiency. For
cxample. besides the genceral barriers that apply to adoption of all energy cfficient technologics. which the
beginning of this section discusscs. a relatively long time period is usually required for the replacement of
industrial cquipment. Most ¢nergy-intensive industrial processes arc capital-intensive and the rate of
cquipment turnover is often measured in decades. Additionallv. the diversity of technologics and operations
utilized in these sectors can sometimes make it difficult to apply one tvpe of cfficient technology in distinct
scttings.

POLICY OPTIONS

Programs to ¢cncourage cnergy cfficiency and conscrvation through improved industrial.
agnicultural. and municipal solid wastc management processes can be designed in two wavs. First. they
can concentrate on specific categorics of businesses. like steel producers. small engine manufacturers. or
dairv farms. Doing so requires understanding the cconomic and technical environment surrounding the
particular scctor being addressed. including how that scctor uses energy. available energv-cfficicney
technologics in that scctor. and how these technologics will affect product quality and production. By
addressing the distinct nceds of cach tvpe of business being targeted. states can enhance the prospects for
success in reducing energy consumption. States including North Carolina. Louisiana. and New York have
developed cffective programs of this tvpe.

The sccond approach is to promote encrgy cfficiency across all catcgorics of industrics or farms. or
in the cross-cutting arca of municipal wastc management. providing broad cducation or incentives to
cncourage innovation and energy cfficicncy in as many arcas as possible.  Specific policy options are listed
below.,

o Support Research and Provide Direct Assistance Targeted at Specific Businesses or Sectors.
States. often through encrgy agencics. can sclect particular energy-intensive industrics to assist
with rescarch. financial support. and technical assistance. For example. the Louisiana State
Encrgy Office works with the statc's aquaculture industry to develop innovative enginecring
approaches for increasing that industrv's encrgy cfficicney and simultancously enhancing their
cconomic productivity.

o Sponsor Technology Demonstration Projects. States. often working with lcading firms in a
targeted industry. may demonstrate the potential for using new encrgyv-cfficicncy technologics to



cvervong in that industry. The demonstrations can both provide good public relations and prove
the technology's success with an industry leader.

e Provide Broad Incentives for Inergy-Lificiency Research and Development. Broad programs to
solicit innovative ideas on cnergy cfficiency from all scctors can provide incentives for rescarch
and development in arcas that statc programs will never directly address. These incentives may be
rescarch grants. energyv-cfficicney loans. or direct financial or publicity rewards for independent
innovation.

o Provide Dircct Iinancial Incentives for Inergy-fficiency Investments. Similar to subsidizing
cnergy cfficiency in buildings and in other sectors. financial assistance. low interest loans. and
rcbate programs targeted at specific energyv-cfficiency investments can promotc technological
conversions. For example. the Bonneville Power Administration in the Pacific Northwest is
currently working with its industrial customers to encourage cnergy conscrvation through
cquipment rebate programs (Washington. 1993). Current program savings have consistently met
or ¢xceeded the Power Administration's goals. Thesce rebates arc often customized to mect the
distinct nceds of particular customers and situations. in contrast to standardized technologyv-basced
rcbates that apply in other scctors.

5.1.5  Promote Urban Tree Planting

Another mechanism for reducing demand for encrgy is through strategic planting of trees and
shrubbery in urban arcas. This tvpe of program. though potentially significant. is often not considered in
traditional demand-side management programs.

Landscaping offcrs the potential to reduce energy needs related to heating and cooling in two ways.
First. by providing shade and lowering wind speeds. vegetation. such as trees. shrubs. and vines. can
protect individual homes and commercial buildings from the sun's heat in the summer and cold winds in the
winter. Sccond. collective tree planting provides indirect carbon reduction benefits: cvapotranspiration (the
process by which plants release water vapor into warm air) from trees and shrubs can reduce ambicnt
temperatures and cnergy use for entire neighborhoods during hot summer months. Urban tree planting can
also gencrate direct carbon bencfits. Becausce half the drv weight of wood is carbon. as trecs add mass to
trunks. limbs. and roots. carbon is storcd in relatively long-lived structures instcad of being relcased to the
atmosphere. Thus. programs to support urban trce planting can help reduce greenhouse gas cmissions in a
varicty of ways.

Urban tree planting also provides a number of non-carbon bencfits. such as improving air quality.
improving acsthetics. providing wildlifc habitat. improving property values. and reducing noise. Trees may
also reduce runoff. prevent soil crosion. and slow the buildup of peak watcer flows during an intensive
rainfall. Residential planting can also promotc awarencss of the potential contribution that the general
public may make to reducing U.S. cmissions of carbon dioxide. Available data indicate that over half of
the available tree spaces in American cities are cmpty. At the same time. a vancty of constraints can
inhibit tree planting programs. These commonly include water restrictions in some arcas and the fact that
compacted soil and urban irritants such as salt can inhibit a tree's natural growth. Additionally. improperly
placed trees can reduce solar heat in the winter.

With carcful planning. however. tree planting programs can be highly successful. In Minncsota.
for cxample. the Twin Citics Trees Trust has blended the goal of cmploving disadvantaged adults with
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cnvironmental improvement in the form of urban tree planting and landscape construction (Minncsota.
1991)." The Sacramento Municipal Utility District in California has contributed over a million dollars
annually to the Sacramento Tree Foundation for tree planting activitics. Grants from the County and City
of Sacramento. together with an Urban Forestry' Grant from the California Department of Forestryv. also
support Trees for Public Places. a community tree planting program. At the national level. Cool
Communitics. sponsorcd by DOE. encourages the planting of shade trees to improve energy efficiency.
while simultancously scquestering carbon. The Cool Communitics program has been tested. and found
cffective. in Tucson. AZ: Dade County. FL: Atlanta. GA: Springficld IL: Frederick. MD: Tulsa. OK:
Austin. TX: and Davis-Monatham Air Forcc Basc. AZ. It is currently being further expanded under the
CCAP.

POLICY OPTIONS

Statc programs to support urban tree planting often involve providing technical assistance. grants.
and cducational services to local communitics and private organizations. More dircct programs may target
residences and business. Specific policy options include:

o [rovide Institutional Support to Communities. Technical assistance can aid communitics and
utilitics in designing residential tree planting programs and assessing their encrgy and carbon
benefits. This is ¢specially helpful in arcas where localitics do not have access to the technical
knowledge and resources necessany to coordinate programs.

o Provide I'inancial Incentives to Organizations and Individuals. States can ¢ncourage private and
local tree planting programs through cost-sharing or dircct payments to homeoswncrs or utilitics or
through dircct program financing for local organizations. Dircct or guaranteed loans to encourage
tree planting may also be successful. Utility demand-side management programs in California
dircctly subsidize residential and commercial tree planting activitics.

o Support Research on the Iffects of Tree Planting. Support for rescarch and development or pilot
testing. in the form of direct technical assistance. grants. tax incentives. or loans. can help answer
some of the outstanding questions in this arca pertaining to the potential benefits and feasibility of
tree planting programs in different regions. For example. state grants may encourage non-profit
organizations or university groups to investigate the strategic placement of trees in citics or
ncighborhoods to maximize vear-round encrgy savings.

o Regulate Tree Planting. Typically the purview of localitics. landscape ordinances requiring tree
plantings with new construction have been used in many citics.

5.2 GREENHOUSE GASES FROM ENERGY PRODUCTION: SUPPLY SIDE MEASURES

As described in Section 3.1, measures to decrease carbon dioxide emissions from the encrgy sector
may focus on cither reducing energy consumption or reducing emissions during clectricity production. This
scction addresses the clectricity production category. highlighting the critical role of utilitics and
independent power producers. Scction 3.1 addressed the consumption catecgory while Chapter 6 combincs
these issucs in a discussion of the cconomic framework that shapes the energy market in the U.S. While
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Minncsota has rescarched and produced a document entitled Carbon Dioxide Budgets in Minnesota and
Recommendations on Reducing New [smissions with Trees that specifically addresses reducing carbon dioxide
cmissions and encrgy demand through tree planting,



trcated scparately for case of presentation. these three sections of the document are closcly connected and
should be considered together.

Several federal statutes affect the level of greenhouse gas emissions from clectricity production
including the Public Utilitics Regulatory Policy Act (PURPA). the Public Utilitics Holding Company Act
(PUHCA). and the EPAct. Undcr PURPA. the federal government and state governments can ¢ncourage
cfficicney among power producers and can cncourage transitions to modes of power production that result
in lower greenhouse gas emissions. including use of renewable fuel sources. States can also affect
greenhouse gas emissions in the power supply scctor through their jurisdiction pertaining to environmental
protcction. as well as through regulation of powerplant siting and certification.  States have some
Jurisdiction in controlling natural resource usc. for example. upon which the power supply sector relics
heavily. and in protecting wildlife and wildlands. which some utility emissions or power development
programs may thrcaten.

This scction discusses approaches to reducing emissions from three types of encrgy produccrs:
utilitics. independent power producers that scll the encrgy they produce (mostly to utilitics). and industrial
and agricultural facilitics that usc their energy on-site to support their own operations. Although manv
policics to promote cmission reductions will affect all three of these producer categorics. resulting in some
overlap in the information presented below. the distinction between the three remains uscful because the
siz¢ and scale of their operations varies significantly and cach faces a distinet sct of potential motivations
for reducing cmissions.

There are three primary actions cach of the three tvpes of producers can pursue for reducing
cmissions. depending on the nature of their current operations:

o Transition Away from High Carbon Generating Technologies and I'uels. In a greenhousc gas
context. this frequently means utilizing natural gas. hvdroclectric. or nuclear encrgy instcad of coal
oroil. Universal constraints to switching to natural gas include the need for produccrs to have
access to this fucl. which may be limited by infrastructural or legal constraints in some regions. the
rclative price volatility of gas. and questions regarding deliverability, Other constraints inhibit the
large-scale non-carbon altematives. Hvdroclectric power development. for example. is often
limited by environmental concems such as ccosvstem damage through flooding and disruption of
water supplics. and nuclear power production is constrained by public safety and environmental
concems. as well as the cost of nuclear units and perceived financial risks. No new nuclear plants
have been commissioned in the United States for several vears.

o Use Renewable and Alternative Energy Sources. Altermative encrgy sources consist of non-fossil
fucl bascd power gencrating technologics and processces. including biomass. waste heat used for on-
sitc cogeneration. methane from non-traditional sources. wind. geothermal heat and pressure. solar
thermal and solar photovoltaic processes. and tidal currents.” Initial installation costs can create
constraints and vary significantly among sources: in many cascs these costs limit the ability to
compete with fossil fucls. Rescarch and development on technologics to utilize many of these
sourccs is gradually ¢nhancing their cost-cffectivencss.

o Reduce Emissions Regardless of Fuel Type Through Technology and Process Upgracdes. Using
the most cfficient clectricity generating technologics and processes can minimize the average

Chapter 6 cxamincs biomass cnergy programs in more detail. describing how agricultural and forest crops can be
uscd to gencrate power or to produce liquid. gascous. and solid fucls for other purposcs.



quantity of grcenhousc gascs emitted per unit of clectncity produced. This can be achieved cither
by operating cxisting cquipment at optimal rates of gencrating cfficicncey (swhich means attaining
the highest feasible energy output per unit of fuel input). or by installing new technologics that
offer higher levels of power gencrating cfficiency than are currently available. The most frequent
constraints on these processes are cquipment investment costs and fluctuations in encrgy demand
that make it difficult to maintain optimal gencrating cfficicncy. In addition. significant savings
may become available through reductions in transmission and distribution losscs as new
tcchnologics arc adopted. as well as through usc of cogencration and district heating.

The scctions below discuss cach of these three mechanisms as they apply to the clectricity
generation sector. and to on-site encrgy producers/consumers.

Altemative policics to promote cmission reductions may affect not only the different tyvpes of
power producers but also the time frames within which certain approaches arc implemented and their
greenhouse gas reduction benefits accrue. Some approaches are feasible and offer emission reductions
immediately. like capturing and utilizing methane at coal mines and landfill sites. while others may take
many vears to implement. as with certain renewables. whose costs must come down before they are
cconomical. Whilc long term projects in the energy supply sector often require large-scale capital
conversion. technological innovation. and infrastructure development. they also offer the highest potential
magnitude of cmission reductions of all greenhouse gas sourccs.

Common constraints or barricrs can inhibit approaches to reducing ¢missions during power
genceration across all tvpes of producers. These include high initial capital costs for new technologics.
lengthy government permitting processes for new or modified power production. and regulatory limitations
on the size or extent of power producing activitics. Other barriers include limited access to transmission
lines for remote energy sources (for example. wind or geothermal) and financial risks which require rates of
rcturn higher than for traditional power sources. Finally. tradcoffs with other state policy objectives (for
cxample. promoting cconomic stability by supporting utilitics or promoting acsthetic interests where
extensive solar or wind power generating facilitics are feasible) may also impede emission reductions. The
policy options outlined undcr the following technical approaches address these barriers.

5.2.1 Reduce Greenhouse Gas Emissions from Electricity Generation
DESCRIPTION

The clectricity generating sector can help reduce greenhouse gas emissions by improving the
cfficicney of clectricity generation or by generating power using low-cmission or no-cmission technologics.
As mentioned above. becausc the electricity gencrating scctor uscs substantial amounts of fossil fucl. there
arc opportunitics for significant GHG reductions in this scctor.
CONSIDERATIONS

Improving processes directly at clectricity generating plants can include two tvpes of actions:

o Switching to low-emission fucls and generating technologies. In the near term. the greatest
opportunitics for reducing emissions arc likely to involve utilizing natural gas. the fossil fuel with
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the lowest carbon content per unit of energy.” Natural gas can be converted to clectricity at high
cfficiency. using new combined cyele gas turbines. (Extensive literature is available on fucl-
switching and cfficient technologics for clectricity genceration.) Under utility dercgulation. market
forces will determine the extent to which such low-carbon technologics will substitute for coal- or
oil-burning generators. Scction 6.1 discusses potential policics that states could implement to favor
such tcchnologics.

o Switching to zero-emission technologies. When renewable energy sources (including
photovoltaics. biomass fucls. and wind) arc used for clectricity generation. no greenhouse gases arc
cmitted. (The carbon dioxide from biomass fucls is not counted because it is biogenic.) Although
costs of generating clectricity from rencwable sources is currently higher than costs for fossil fucls.
the costs of photovoltaics and other renewables are declining. Scction 6.1 discusses potential
policics that statcs could implement to favor renewablcs.

o Improving the cfficiency with which encrgy is produced using existing equipment and facilities.
Technological innovations may offer the opportunity to improve generating cfficiency bevond
commonly attained levels.

A statc may wish to examine the greenhouse gas emissions (and perhaps other pollution) associated
with producing clectricity. and reflect these “externality™ costs in the price of clectricity. Scction 6.1
discusscs two possible approaches -- a “socictal benefits™ charge or a carbon tax on clectricity gencration.

Policics designed to reduce emissions from clectricity gencration should account for several
additional issucs. Forcmost. the actions discussed above to reduce greenhouse gas cmissions generally
support othcr environmental objectives as well. such as producing less particulate air pollutants per unit of
cnergy produced. However. switching away from high carbon fucls. especially coal. will also have
significant impacts on cconomics in certain regions of the country that are rich in these resources.
Additionally. limited infrastructure for supplyving fucls like natural gas in some arcas may' inhibit the usc of
these fucls for large scale power generation.

POLICY OPTIONS

Policics to reduce greenhouse gas emissions from clectricity generation will ideally (1) promote
demand-side management to mitigate the need for new power sources: (2) support alternative low-carbon
energy sources to meet new power needs whenever possible: and (3) encourage the transition from ¢xisting
high-cmission fucls and technologics to low-carbon options. Specific options for pursuing these objectives.
which are discussed in Section 6.1. include:

o [nsure Infrastructure Access for Small Power Producers. and Promote Purchase of “Green
Power”

o Institute a “Social Bencefits” Charge or a Carbon lax on Electricity Generation

o Promote Voluntary Adoption of Energy-Saving Technologies

o [stablish or Support Carbon Offset Programs

o Support Emission Trading Programs

°While natural gas offers the lowest carbon cmission rates of the various fossil fucls used for producing clectricity.
switching to iy source with lower carbon content than the fucls currently used will vicld greenhouse gas benefits.
In some situations. for example. this could suggest switching from coal to oil rather than converting to natural gas.
although this choicc may not be desirable for other recasons. such as national sccurity and trade balance concerns.



In addition. statcs mayv wish to consider providing subsidics and markcting support for rencwable
cnergy:

o Provide Direct Incentives for Alternative Inergy Development. States can promote renewable
cnergy development through investment tax credits. cquipment subsidics. low-interest loans.
copavments with utilitics on ¢ncrgy produced from alternative sources. and other incentive
programs.

o Provide Information. Education. and Technical Assistance to Support Alternative Energy
Development. States can conduct demonstration projects. do financial analyvscs. and provide
information about altcrnative processes to the potential investment community. For particular
projects. states may also be able to provide direct services such as financial asscssment or
tcchnology upgrade audits.

5.2.2 Reduce Emissions Through On-Site Power Production

Various industrial and agricultural facilitics can help reduce net greenhouse gas cmissions and save
moncey by utilizing on-sitc resources to meet their energy needs. Coal mines can capture methane and usce it
to gencrate clectricity for their own usc. for example. and dainy farms may us¢ methance from livestock
wastes as an energy source. In ¢ssence. power consumers in these situations become small scale power
producers. They reduce greenhouse gas cmissions by mecting part of their energy needs that would
traditionally have been met by utilitics and. in many circumstances. by utilizing excess methane that would
otherwise have contributed dircctly to greenhouse gas emissions.

Two tvpes of energy may be gencrated through on-site processes: thermal heat and clectricity..
Where a site requires thermal energy. cogenceration of both thermal energy and clectricity should be
considered. because cogencration is a highly ¢fficient process.

CONSIDERATIONS

These actions can be considered as cither production side ¢cmission reduction measures or
consumption side encrgyv-cfficicncy measures. They reflect distinet characteristics of ¢ach. including
demand-side barriers to energy cfficiency and supply side constraints for renewable energy.

Additional information on specific opportunitics for using mcthanc for on-site cncrgy production is
presented in Scctions 3.3 through 3.9. Policv-makers should investigate the opportunity for promoting these
processes at both cxisting and new facilitics. because the incentive and support structures for retrofitting
cxisting facilitics may vary from those for initial investment.

POLICY OPTIONS

Many of the same policics listed in Scction 3.2.1 will apply to on-sitc power producers. In
addition. statcs can:

“Methane is an important greenhouse gas. Biomass wastes contribute to methanc and/or carbon dioxide cmissions
when they arc burned for disposal. left to decomposc. or placed in landfills.



o Provide Direct Assistance for Eguipment and 1-acility Conversion. States mav conduct
tcchnological and financial analvses for specific industrial facilitics in order to demonstrate the
valuce of cogencration and similar practices. States may also be able to provide ongoing technical
support to cnhance industry confidence in new processces. and can initiate the tyvpe of financial
support through taxcs and subsidics listed in the previous section.

o [Istablish Programs and Regulations to Reduce Risk to Iiirms. States may guarantee financial
support if new processes do not function as expected and may require utilitics to provide backup
power to industnal facilitics. like coal mincs. if those facilitics' on-site sources do not mect their
cnergy needs. Without these provisions utilitics may have incentives to distort prices or restrict
power access to customers who are considering producing their own energy.

5.3 GREENHOUSE GASES FROM THE TRANSPORTATION SECTOR

Carbon dioxide (CO») is the main byproduct resulting from combustion of gasoline and other
petrolcum-based fucls used by the transportation scctor. Carbon dioxide ¢missions arc directly
proportional to the quantity of fucl consumed: buming a gallon of gasolinc rclcases approximately 20
pounds of carbon dioxidgc into the air (OTA. 1991). In addition. the extraction. processing. transfer. and
combustion of fossil fucls produce other greenhouse gases. lcad. and other pollutants. and contribute to
acid rain and urban ozonc precursors.”

The transportation scctor consists of highway and off-highway vehicles. marine vesscls.
locomotives. and aircraft. Highway vehicles include automobiles and light-duty vans and trucks up to
6.000 pounds in weight. light-duty trucks between 6.000 and 8.500 pounds in weight. heavy-duty trucks
and buscs. and motorcyvcles. Off-highway vehicles include farm tractors and machinery. construction
cquipment. snowmobiles. and motoreveles. This section focuses on options to reduce cmissions from the
highway vehicles fleet.

Activity to the transportation scctor from all these vehicle categorics is fundamentally a product of
the demand for mobility of cither people or goods and services in our socicty. Traditionally. as this demand
for mobility increasces. so do related emissions of carbon dioxide and other pollutants. Policies to reduce
cmissions in this scctor. therefore. can be targeted cither at reducing the demand for mobility in general. or
rcducing emissions at current or increasing levels of transportation activity, Both of these approaches are
referenced throughout this section. In addition. Chapter 6 discusses the potential for reducing emission
from th¢ transportation scctor through land usc change and city and rural planning measurcs (sce section
6.3).

It is important to notc that this scction provides only a bricf introduction to transportation policy.”
In this complex field. in genceral. carbon dioxide emissions from the transportation scctor arc currently not

* These other pollutants include: mcthane. carbon monoxide. nitrous oxide. non-methane hydrocarbons. oxides of
nitrogen and sulfur. and particulatc matter. Nationwide. transportation is responsible for 70 percent of carbon
monoxide. 40 percent of volatile organic compounds. 40 pereent of nitrogen oxides. and 35 percent of lead.
particulates. and nitrous oxide. While these other gases from the transportation scctor arc also considered to be
greenhousce gases. they are not thought to be major contributors relative to the carbon dioxide cmissions: and.
unlike carbon dioxide. some can be partially mitigated through the application of ¢cmission controls (NAS. 1991).
" For a more comprchensive overview of the environmental implications of transportation mcasurces. scc Kessler
and Schrocer. 1993 and OTA. 1994. (Note: OTA gives an overview of the U.S. transportation system and options
to increasc cnergy -cfficicncy within this scctor.)
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regulated. while regulation of other transportation-related emissions and fuel consumption standards have
traditionallyv fallen undcr federal junisdiction. Criteria pollutant cmissions arc controlled through the Clean
Air Act (which is implemented at the state level through State Implementation Plans). while light-duty
vehicle fuel efficieney is regulated through Corporate Average Fuel Economy (CAFE) standards as
cstablished in the 1975 Encrgy Policy and Conscrvation Act. Some states. notably Califomia and those in
the New England region. have sought additional improvements in their urban air quality through various
mcasurcs to limit vehicle emissions (South Coast. 1991: New England. 1990). These measures include
transportation control and air cmissions standards that superscde existing federal standards. The South
Coast Air Qualitv Management District's Air Quality Management Plan for the Los Angeles Basin.
discussed in Chapter 2. represents an example of such a comprehensive plan for regional emission
reductions.

Technical approaches for reducing greenhouse gas cmissions from the transportation scctor include
reducing vehicle miles traveled. reducing emissions per mile traveled. and using altemative fucls. The
remaindcr of this scction discusscs these three approaches.

5.3.1 Reduce Vehicle Miles Traveled (VMT)
DESCRIPTION

Reducing total vehicle miles traveled involves decreasing the overall need or desire for driving.
replacing single-occupancy driving with alternatives such as mass transit or car pools. or shortening the
time and/or the distance required for cach trip. Collectively. these are known as transportation control
measures (TCM). Reducing vehicle miles traveled in other transportation categorics. such as heavy
vehicles transport and trains. also involves switching to altermative modcs of transportation or combining
modcs. increasing load factors (for cxample. reducing empty or partial-load trips for busscs and shipping of
products). reducing travel needs. and shortening of travel time and/or travel distances.

CONSIDERATIONS

The 1ssues associated with VMT reduction measures that influence how effective these measures
will be in attaining cmissions reductions include:

e nfrastructure Issues. Many regions. especially in the west and south. have less developed mass
transit svstems. Additionally. transportation control measurcs might not be feasible for states that
arc predominantly rural.

e [inancial Issues. Many citics and states currently do not have the financial means to implement
¢xtensive transportation control measures. urban light rail svstems. or intercity high speed rail.
While some measures can be cost-cffective by reducing the time workers spend in traffic.or
reducing the energy consumed per-passenger. implementing a transportation control measures
package requires significant advance planning and preparation. and may also require extensive
commitment from governments with limited resources.

" For example. the City of Denver. CO was able to reducce up to 40 percent of commuters' commuting time by
instituting high occupancy vehicle lanes and other transportation control measurcs.
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Instintional Issues. Manv Americans simply prefer driving over any other form of transportation
or prefer goods which must be shipped long distances. Switching to alternative transportation
modcs or reducing VMT in other wavs may require lifestyvle adjustments.

Experience from existing transportation control programs to reduce air pollution in various citics

offcers insights into some wayss these constraints can be addressed. These gencral insights should be
considered during the implementation of all tyvpes of policics. Foremost:

Transportation control measures are ofien most ¢effective when multiple complementary measures
are implemented simultancously as a single package. This may include. for example.
development of ecmplovee nde-share incentives. construction of high-occupancy vehicle lancs
(carpool lancs). and increases in rates charged for parking.

Transportation control programs achieve larger emission reductions when they are coordinated
throughout a region and over an extended period of time.

Transportation control programs function best if implemented locally. so that measures can be
tailored to traffic patterns. infrastructure. and zoning ordinances in cach individual area. In all
situations. critical charactcristics that transportation control programs nced to consider prior to
new program implementation include factors such as population and employment groupings.
highway capacitics and congestion levels. and major transportation routcs and altcrnatives (OTA.
1991). Chapter 6 presents information on additional land usc and city and regional planning
considerations as thev affect transportation control measures to reduce VMT.

An additional analvtic considcration relating to transportation control cfforts is that in many arcas

there is latent demand for access to primary transportation corridors. This implics that as congcestion
decreases because of the transportation control measures. some people who were discouraged from driving
before duc to congestion may begin to usc their cars as single-occupants. thus negatively impacting
cmissions reduction cfforts.

POLICY OPTIONS

include:

Options for reducing transportation demand. cspecially for reducing single-occupancy driving,

Information and education programs. Statcs may implement programs to cncourage altematives
to driving. including public cducation campaigns and various tyvpcs of demonstration or pilot
projects. For example. many states support campaigns to promote the bencfits of high-occupancy
vehicles lancs. nide sharing. and mass transit. In addition. states can work directly with emplovers
to develop new VMT reducing programs. Demonstrating to cmplovers the multiple benefits of
offering emploveces a choice of cash rather than subsidized parking spaccs. for cxample. can lcad to
decreased emplovee driving. increased use of mass transit. and therefore reduced carbon dioxide
cmissions. California has ¢nacted legislation requiring some busingsses to pursuc this tyvpe of
program (South Coast. 1991).

Instintional support programs. Statcs mayv also improve mass transit svstems. high occupancy
vchicle lancs (HOV). mass transit lanes. and enhanced traffic management svstems such as
svnchronization of traffic signals. Virginia. for cxample. has instituted HOV lancs on much of its



highway system in Northemn Virginia as part of its traffic control cffort. Similarly. the Connecticut
Department of Transportation has helped to establish nearly 12.000 car pools and 180 van pools
since 1980. saving an estimated ninc million gallons of gasoline vearly.

e ncentives to businesses and emplovers. These include financial incentives (tax breaks or low
intcrest loans) for busingsses to initiate car and van pools and ¢cncouragement to alter or stagger
work schedules and work modes. This may include ¢stablishing four-day work wecks or tele-
commuting where emplovees work from their homes or other non-centralized locations. thus
mitigating the need for travel to work. A pilot tele-commuting program involving 134 Anizona
statc employvees. for example. reduced an cstimated 97.078 commuting miles and saved over
$10.000 in gasoline and othcer costs in a six-month period. and is being recommended for expansion
(NGA. 1991).

e Jncentives to transportation consumers. These include incentives to use mass transit and bicyveling
or walking. parking management (higher parking fees and/or climination of subsidized parking).
conggestion pricing (tolls on heavily traveled roads during peak periods). auto use restriction (higher
rcgistration and licensc fees). and increased gasoline and road taxes. Onc example is the Federal
government's monthly cash allowance for its cmployveces within the District of Columbia
mctropolitan arca who usc public transportation.

e Dircet state action. States and citics may alter local institutional guidelines and regulations that
affcct transportation. Onc of the primary opportunitics in this arca is to zon¢ urban or central
arcas to exclude expansive development of arcas for parking. so that commuters have additional
incentive to car-pool or use mass transit. This approach. of coursc. depends on the ready
availability of the low-cmission transportation altcmatives to single-occupancy vehicles. In a
rclated measure. many state and city laws restrict private transportation syvstem development to taxi
cab scrvices. Looscning these restrictions. if in conjunction with other complementary actions.
may result in the development of alternative transport systems such as the van services that are
allowed for commuting between many urban centers and nearby airports.

Exhibit 5-8: Automated Traffic Signal Controls in Missouri

To move traffic more cfficiently in two of the state's major metropolitan arcas. the Missouri
Department of Natural Resources' Division of Encrgy granted $360.000 to the Missouri Highway and
Transportation Department to install automated traffic signals. The signal control system continually
monitors traffic and automatically adjusts signal timing for optimum opcration and traffic flow. greatly
reducing fucl consumption and travel time for motorists. Each control system is located along a main
corridor to allow the bulk of motorists to move cfficiently. One svstem was installed in Kansas City:
the other near St. Louis.

In Kansas City. the automated traffic signals have reduced fucl consumption by 87.000 gallons
per vear. reduced the number of stops by vehicles by 16 million per vear. and increased average traffic
speeds such that annual motorist travel time was reduced by 120.000 hours. Similarly. in St. Louis fucl
consumption has been reduced by 353.000 gallons per vear. the annual number of stops has been
rcduced by almost 33 million. and avcerage traffic speeds have increased to reduce annual travel time for

motorists by 336.000 hours. All of these factors reduce carbon dioxide cmissions.
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e Orher policy options. Additional options to reduce vehicle miles traveled include instituting auto
insurance reforms to reflect the costs of driving (pay-as-vou-drive auto insurance. for example) and
promoting freight transportation system least-cost planning and/or imposing a load-weight-distance
tax on hcavy trucks to make trucking more ¢xpensive and ¢ncourage other Iess energy intensive
modcs of freight transport. such as rail. Longer term measures for VMT reduction include urban
light rail development. intercity high-speed rail. and integrated and inter-modal transport systems.

As mentioned above. most of these transportation control measurcs function best when
implemented in packages so that they support and reinforee cach other.

5.3.2 Reduce Emissions per Mile Traveled
DESCRIPTION

Lowering emissions per vehicle per mile involves cither improving the fuel cfficiency of onc mode
of transportation (such as automobilcs or freight trucks) or substituting with a morc ¢fficient modc (such as
using trains rather than trucks). Carbon dioxide emissions arce linked directly to fuel efficiency. While
vehicle fuel efficiecncy standards historically fall under the federal government's purview. states can play a
rolc in maintaining or improving the cfficicncy of the existing fleet by accelerating the replacement of less
cfficient vehicles with less polluting and more efficient ones. Poor svstem intcgration between
transportation modcs is often the cause for higher energy consumption as well as lengthy delivery times for
freight transport. Thercfore. encouraging the inter-modal substitution of transportation mechanisms. such
as using trains or ships for long distance freight and trucks for local distribution. can also act to promote
cfficicncy.

CONSIDERATIONS

Emission reductions from gains in fleet cfficiency can take longer to realize than the gains
achicvable through transportation control mcasures described in the previous section. Improving fleet
cfficicney is dependent on the vehicle replacement rate. The most promising programs. therefore. might
specifically target high emitting vehicles. such as light duty trucks or older. less fuel cfficient automobilcs.

Various institutional issucs also affcct cfforts to increase cfficicncy. A primary one is behavioral:
people maintain well-cstablished habits and preferences. Customers prefer vehicles with amenitics and
powerful acceleration. for example. while vehicles with higher efficiency often are associated with a lack of
amenitics. slow acccleration. or certain safety concermns.

The two most significant technological barriers to the propagation of fucl efficient technologics in
vehicle engines are reliability and availability. Generally. technologies to increase fucl efficiency also
increasc the degree of technological complexity and often require a higher level of maintenance and
support. As with anv newly introduced technology. qualified technicians and/or replacement components
may not be widely available. especially in rural arcas. Additionally. policv-makers should consider that
current and future mandated safety and smog control devices often counteract fuel cfficiencey gains.
impeding carbon dioxide emission reductions. Decisions on cfficieney will have to balance these altemative
benefits.

POLICY OPTIONS
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e Jublic information programs. Statcs may work with industry and other groups to cducate
consumers on the multiple benefits of fuel cfficiency. This may include campaigns to stimulate
demand for more fucl cfficient vehicles and educate people on optimal driving practices. For
cxample. states mayv consider expanding the EPA's current milcage rating svstem for new cars to
apply to used vehicles as well and to include additional information such as ¢stimated vearly fuel
cost.

e Jncentives to vehicle users. These include fuel cfficicney purchase incentives ("fecbates” or "gas
guzzler” taxcs. for cxample) and registration fees pegged to vehicle fucl efficiency. gross weight.
cngine horscpower. or cmissions control equipment. Other innovative measures. such as programs
to retirc older automobiles in some arcas. including Southem Califomia and Northemn Virginia.
have proven to be ecconomic on the basis of air quality improvements alone.

o Wide-scale transportation planning. States can support wide-scale transportation planning.
including supporting on-going rescarch on transportation cfficicney and participating in federal and
regional dialogucs on fucl cconomy requirements. Connccticut. for example. has recognized and
addressed the potential for traffic congestion and pollution from population growth and increased
vchicle traffic through innovative pubic and private rescarch partnerships since 1980, This tvpe of
planning most often results in regional development of new transportation modes.

e [fficiency regulation. Statcs mayv choose to cstablish cfficieney standards for vehicles. Because
of political sensitivitics surrounding this issuc. the most successful programs of this tyvpe often
targct distinet scctors. such as cstablishing flect fucl cfficiency standards for fleets or cmission
limits for fleets. This mayv include fleet-specific promotion and use of clectric and altemative fucl
powecred vehicles. although the bencfits of these vehicles may vary between regions for a variety of
rcasons.

o Support and sponsorship of institutional development. This may include c¢stablishing incentives
for shifting between modcs of freight transport. supporting regional ¢fforts for rail clectrification in
arcas where clectricity is produced with little greenhouse gas emissions. and working with industry
and other organizations to promotc cfficicney and support other innovative measures.

o Juel efficiency regulation and enforcement. This includes establishing and enforcing speed limits.
cstablishing and enforcing statc emission and inspection/maintenance standards. and instituting
used car cfficiency standards.

5.3.3 Use Alternative Fuels

DESCRIPTION

In the long run. altemative transport fucls -- fucls with lower carbon emissions -- offer
opportunitics to reduce greenhouse gas emissions per unit of travel.” The National Academy of Scicnces'
Muitigation Pancl divided altemative fucls into three categorics (NAS. 1991):

" Emissions from fucl production. such as the extraction and processing of fossil fucls. mining and processing of
uranium for clectricity gencration (and rcactor waste). as well as ecmissions from the cultivation. harvesting. and
processing of encrgy crops for cthanol fucls arc factors to consider while estimating long-tcrm cmissions from
gasolinc and altcrnative fucls.



1) Those that could (a) result in increased greenhouse emissions relative to gasoline.
including: mecthanol from coal. clectricity from coal-fired power plants. and cthanol from
biomass but (b) arc produccd and transported using fossil fucls.

2) Those that will reduce emissions less than 23 pereent. relative to gasoline. including:
dicscl. natural gas in any form. methanol from natural gas. clcan/rcformulated gasoline
with up to 23 percent biomass-derived additives. clectricity from gas-fired power plants.
and clectricity from current power plant fucl mix.

3) Thosc that climinate or nearly climinate greenhouse gas emissions. including: methanol and

cthanol from wood biomass using biomass fucl to produce and transport. hvdrogen from
non-fossil fucl-generated clectricity. and clectrcity from non-fossil fucls.

Conversion to altemative fucls may be controversial because it requires long-term planning.
additional capital investment. infrastructure changes. and high levels of political commitment.

CONSIDERATIONS

General consensus indicates that. of the altemative fucls that arc under development. thosc that are
most rcady for the marketplace will not reduce substantially greenhouse gas cmissions from the
transportation scctor. Thosc that offcr the largest potential reduction in ¢cmissions arc the furthest from
large-scale technical viability. and present the most challenges to wide-scale distribution.  Additionally. the
successful implementation of any of the available altemative fucls could limit prospects for others in the

future. since the delivery systems or required
infrastructurc may not b¢ compatible. The
altemative fucls under consideration also offer
shorter operating distances. which may require
more extensive supply/filling station networks.

Also. at current oil prices. no single
fucl listed above can compete in the
marketplace against gasoline. In order for any
fucl to displace or ¢ven supplement gasoline.
investments must be made in the scale of the
manufacturing process. in the distribution
networks. and in flect conversions.
Environmental or toxicity characteristics may
be associated with the new fucl.

Institutional resistance to alternative
fucls could be significant: converting to any of
the altemative fucls at this point docs not offer
additional. tangible. and recognized bencfits to
vehicle operators. Without the certainty of a
customer basc. few supplicrs would venture
into the altemative fucls arcna. Altemative
fucls policics may. therefore. need to address
both supplicr and customer concerms to cnsure
program success. An example of a federally-

Exhibit 5-9. Clean Cities

Clcan Citics is a voluntany program
sponsored by the U.S. Department of Encergy. 1t is
designed to accelerate and expand the use of
alterative fucl vehicles (AFVs) in urban
communitics and to provide refucling and
maintcnance facilitics for their operation. Under the
Clcan Citics program. local governments arc
cncouraged to form a partnership with public and
private stakcholders. such as utilitics. fuel supplicrs.
cnvironmental groups. flect managers. vehicle
manufacturers. consumers. and federal. state. and
local government agencics. Stakcholders
cooperatively draft an implementation plan that
quantifics program goals and outlings mcasures to
achicve these goals. DOE provides assistance by
opcrating two national hotlincs (Clean Citics Hotline
and Altemative Fucls Hotline) and maintaining ten
rcgional support offices throughout the U.S.
Additionally. fleet operators interested in acquiring
AFVs can coordinatc their purchascs with the federal
acquisition program under the Federal Vehicle
Replacement Program. As of September 1997, there
were 38 designated Clean Citics. Atlanta was the
first of these and has established a goal of having
25.000 AFVs in opcration by 1996. Intcrested partics
shidfild contact the Clean Citics Hotline at 1-800-
CCITIES for morc information.




sponsored program designed to address concerns of all stakcholders is Clean Cities (sce box 3-9 for a
description).

POLICY OPTIONS

Policy options for promoting usc of alternative fucls varv depending on time horizons. govermment
commitment levels. and emission reduction goals. Options include:

o Target programs to utilize local alternative fuel sources. The Com Belt states currently subsidize
and publicize fucls made from com. such as cthanol: other states could similarly promote and
develop local resources. These programs may provide expenence and knowledge needed for the
implcmentation of larger programs.

o (Convert state or city-owned fleets to alternative fuels. Governments mayv directly reduce
cmissions and demonstrate altemative fucl feasibility by converting their own state vehicles and
mass-transit vchicles to usc alternative fucls. For example. Burlington. Vermont. and Portland.
Orcgon. arc converting their fleets.

o Support research and development programs. including rescarch of non-fossil fucls. rescarch of
promising "transition" stratcgics. and rescarch and incentives for clectric/hyvbrid design and
development. Despite the barriers associated with alternative fuels. states could consider
sponsoring pilot programs for demonstration and feasibility study purposcs.

o Provide incentives to support institutional development_ including incentives for vehicle
conversion. filling station/distributor conversion. altemative fucl vehicle purchase. alternative fucl
us¢ in private and government flect vehicles. and innovative programs to replace gasoling.

5.4 METHANE FROM NATURAL GAS AND OIL SYSTEMS

Mcthane is the principal component of natural gas. Any lcakage during the production. processing.
transmission. and distribution of natural gas will therefore contribute to methane cmissions. Natural gas is
often found in conjunction with oil. and thus gas lcakage during oil production and transportation is another
source of methane. though minor in the United States. Therefore. options for reducing methane cmissions
from oil production and transportation ar¢ not addressed here.

The U.S. natural gas svstem is subject to both state and federal regulations controlling Icakage.
primarily out of public safcty concems. As a result. the U.S. natural gas industry is onc of the most
cfficient svstems in the world. in terms of methane emitted per quantity of gas produced. More recently.
stringent regional air quality regulations (e.g.. controlling VOCs and NOx cmissions) impact the opcration
of natural gas svstems. and compliance with these regulations will undoubtedly affect cmissions of methane
from various stagcs of the gas svstem. The rate regulation of the U.S. gas industry by FERC and state
PUCs can also help determing the cconomic feasibility of actions taken by gas companies. State policics
designed to reduce emissions from natural gas systems will need to consider the influences of existing
cconomic and safcty regulations.

A number of technical approaches exist to reduce methane emissions from natural gas svstems.

Many of these approaches can be cost-cffective for firms in the natural gas industry and ultimately
beneficial to natural gas consumers. In fact. many of the approaches discussed here are alrcady in use by
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companigs in the U.S. natural gas industry. Statc programs addressing informational and institutional
barricrs to the continued implementation of these technologics could reduce methane emissions in the short
term.

DESCRIPTION

The natural gas svstem includes production sitcs. processing and storage facilitics. and
transmission and distribution networks. Mcthanc is cmitted from a wide varicty of components. processcs.
and activitics in cach of these stages. Because the majority of emissions occur in the production.
processing. transmission. and distribution stages. options for storage facilitics are not considered here.
This scction focuses on cmission reduction options with the highest potential impact. in terms of both the
technical and cconomic feasibility of reducing methane emissions.

The production and processing of natural gas accounts for about 40 percent of methane cmissions
from U.S. natural gas svstems: transmission of gas to distribution facilitics accounts for another 33
pereent: the distribution of gas to end uscrs through smaller. lower pressure pipes accounts for around 10
pereent: and compressor engine exhaust accounts for about 13 percent. The majority of these cmissions
result from lcaks (fugitive emissions). venting from cquipment such as pncumatic devices and gas
dchydrators. venting during routine maintenance. and compressor ¢ngine ¢xhaust (U.S. EPA. 1993a).
Options arc availablc for reducing emissions from all of these sources.

o Pneumatic devices are gas-powered devices used on heaters. separators. gas dehyvdrators. and
gathering pipelines which control the flow of gas through the facility. Many designs vent (or
"bleed") the gas which is used to operate these devices. Options to reduce cmissions from these
devices include replacing high-bleed pneumatics (devices with high ¢missions) at the end of their
uscful lifc with low- or no-bleed designs where technically appropriate throughout the production
stage.

o [augitive emissions ar¢ unintentional and usually continuous releascs associated with lcaks caused
by the failure of the integrity of the svstem. such as a damaged scal. a corrosion pit resulting in a
pinholc lcak in a pipeline. or inadequately scaled valves. fittings. and assemblics. The primary
option for reducing fugitive emissions is the implementation of directed inspection and maintenance
programs.

e (s dehydrators. which usc a desiccant such as glveol to remove moisture from produced gas.
c¢mit methane when the saturated desiccant is regencrated. Options for reducing these cmissions
include installing flash tank scparators before the regencrating unit. and recovering and using the
scparated methane for boiler fucl (in the regencrating unit).

o Reciprocating engines arc used throughout the industry to drive compressors that transport gas.
These engines emit considerable quantitics of methanc in their exhaust duc to incomplete
combustion. The primary option to reduce these cmissions is to usc turbing engines. which cmit
significantly less methanc. as new transmission lines are constructed and old reciprocators are
replaced. This determination needs to be made on a site-specific basis.

o Venting during routine maintenance of pipelings occurs when the natural gas must be removed
from a scction of pipe for safcty reasons during repairs. Options for reducing these cmissions
include using portablc ¢vacuation compressors to pump the gas from the scction of pipe to be



repaired to an adjoining scction. rather than venting the gas to the atmosphere. With current gas
prices. however. this technology may not be cost-cffective in the United Statcs.

In addition to these near-term options for reducing cmissions. a varicty of technologics and
practices that arc currently under development may become available commercially over the next decade.
Thesce options include: (1) metallic coated scals would be used in place of the rubber scals currently used
on moving shafts -- such as shafts in production wells and compressors: (2) "smart regulators” which
adjust the pipeline pressure to better accommodate demand at a given time: (3) clock spring composite
wraps which can be used to repair lcaks on major pipelings without venting the gas: and (4) catalyvtic
converters. which would oxidize the methane released from reciprocating engines. Catalyvtic converters are
increasingly required to comply with air emission regulations for NOx and hyvdrocarbon emissions.

CONSIDERATIONS

The implementation of options to reduce methane cmissions from natural gas systems should focus
on high impact applications. such as thosc discusscd above. Because these options can usually be
implemented in a short period of time. they will have an immediate impact on reducing emissions. The
cxperience of gas companics in the U.S. shows that many of these options can be cost-cffective. Morcover.
the cconomic feasibility of these options will likely improve with the anticipated increases in gas prices over
the next decades.

The benefits of the options discussed are not solcly related to reduced methane emissions. In
addition to being profitable in their own right. these options improve operational cfficiency and further
rcduce safety risks associated with gas leaks. Options to reduce engine exhaust will also reduce the
cmissions of local air pollutants that form low-level ozone -- NOx and VOCs.

POLICY OPTIONS

o Provide Information. A significant barricr to reducing methanc cmissions from natural gas systems
is that information on th¢ ¢cconomic benefits of ecmission reduction techniques has not been
dissecminated widely throughout industry. The other benefits associated with these options have
also not been disseminated.  States could develop information campaigns to advertise successful
programs to industrv. regulatory institutions. and other relevant organizations.

o Address Institutional Barriers. In many cascs. public utility rate structures provide little incentive
for reducing methane cmissions to the atmosphere.  Allowing most of the cost of unaccounted-for-
gas to be passcd through to consumers. for cxample. provides little incentive for a company to
exceed existing safety standards.  State regulatory agencics could develop incentives and remove
disincentives to applyving technologics and practices that reduce methane emissions. For example.
a statc public utility commission could adopt rcgulations that would allow a distribution company
that has demonstratcd methanc emissions reductions to receive a higher ratc-of-retum on
investment so that the value of the gas saved could be allocated to sharcholdcrs rather than
CONSUMCTs.

o Support Research and Development. States could fund targeted rescarch to reduce costs and to
develop improved technologics and practices.

5.

n

METHANE FROM COAL MINING



Mcthanc and coal are formed together during coalification. a process in which biomass is converted
by biological and geological forces into coal. Mcthanc is stored within coal scams and also within the rock
strata surrounding the scams. Decp coal scams have a substantially higher methane content than shallow
coal scams. because geological pressure intensifics with depth and prevents increasingly larger amounts of
mcthane from cscaping. Mcthanc is released when pressure within a coalbed is reduced. cither through
natural crosion or faulting or through mining.

Statc and fedceral regulations conceming

the release of coal mine methane have been

developed as a result of safety. rather than Exhibit 5-10. Jim Walter Resources: Methane

environmental. concerns: methane is explosive in | Recovery Projects

low concentrations and hazardous in

underground mines. State mine inspectors and Since the carly 1980s. Jim Walter Resources

the federal Mine Safety and Health (JWR) has recovered methane from four coal mines

Administration (MSHA) sharc responsibility for in Alabama. Each ycar. about 13 Bef of high-quality

monitoring mcthane levels in underground mcthanc is produced from a varicty of mine

mines. decgasification approachcs sold at a ncarby pipeline.

JWR cstimates that this program has reduced mining

For both safety and environmental costs by more than $1/ton and cnabled the continued

rcasons. other aspects of coal mining arc heavily | ¢conomic operation of these coal mines. In addition.

regulated. Federal and state cnergy. the company is preventing a significant amount of

cnvironmental. labor. land management. and methane from being emitted cach year.

other agencics regulate different aspects of the
coal mining industry. Significant federal controls include the Coal Mine Health and Safcty Act. which
rcgulates virtually all aspects of mining methods and ¢quipment design in order to reduce the dangers of
roof falls. ¢cxplosions. ¢xposurc to respirable coal dust. and mechanical accidents. Environmental impacts
associatcd with coal mining -- including geological and hyvdrological disturbances. blasting. coal
preparation. and waste disposal -- arc subject to rcgulation under the Surface Mine Reclamation and
Control Act (SMCRA) and statc laws and rcgulations. Additionally. regulations targeting cmissions from
coal combustion for clectricity production significantly impact the coal mining industry. State policics
designed to reduce methane emissions from coal mining will need to be coordinated with existing federal
and state safety and environmental regulations.

There are two technical approaches for reducing methane emissions from coal mining. The first
approach is to rccover methane before. during. or after mining and to usc it as an cnergy source. The
sccond approach is to reducc coal-fired cnergy consumption. which would reduce the amount of coal
produced and. accordingly. the amount of methane relcased from coal mining.

5.5.1 Methane Recovery and Use
DESCRIPTION

Dcpending on the portion of coal that i1s produced by large and gassy mings in a statc. encouraging
utilization of coal minc methanc can significantly reduce methane emissions. Mcthane relcased from
undcrground mings can be recovered and sold to pipeline companics or used as a feed stock fucl to generate
clectricity for on-site usc or for sale to off-sitc utilitics. For pipeling salcs. a coal minge would nced to install
gathering lincs to transport the methane to a commercial pipeline. For power generation. a mine would
nced to install cither an intermal combustion ¢ngine or gas turbine. both of which can be adapted to gencrate



clectricity from coal mine methane. Most methane recovery and utilization technologics can be installed
within a vear.

Coal mine methanc is recovered in a range of puritics. Pipeline sales require nearly pure methanc.
while power generation is a technically viable option for methane concentrations as low as 30 pereent (U.S.
EPA. 1993b). Techniques for recovery include drilling wells before. during. or after mining. Wells drilled
scveral vears in advance of mining will generally be the most expensive. but will recover large amounts of
ncarly purec methane (up to 70 percent of the methanc that would be othenwise emitted). Wells drilled
during or aftcr mining can also recover substantial quantitics of methance (up to 30 percent of emissions).
but th¢ mcthane may be contaminated with mine ventilation air (U.S. EPA. 1993b). While such a
mcthane/air mixture is normally suitable for power generation. injection into pipelines would require
cnrichment of the gas. which may not be cconomically feasible.

Established techniques exist for recovering methane. In fact. over 30 U.S. mings already use
rccovery wells as a supplement to their ventilation systems to ensure that methane concentrations remain
below acceptable Ievels (U.S. EPA. 1993a). However. this recovered methane is normally released to the
atmosphcere.

In addition to the highly concentrated methane produced by recovery wells. methanc that 1s emitted
in low concentrations in ventilation air also could be utilized. Ventilation air may be used as the
combustion air in an on-sit¢ turbinc or coal fired boiler. However. at the current time. utilization of
ventilation air has not been technically demonstrated.

In cascs wherg it is not possible to utilize the recovered methane as an energy source. the gas could
potentially be flared. which involves buming the methanc so that primarily carbon dioxide. rather than
mcthane. is cmitted. However. flaring is not currently considered to be a feasible option for coal mines duc
to safety considerations. although rescarch is being conducted on this topic. For example. the Encrgy
Policy' Act of 1992 includes a provision for further study of this technical approach.

CONSIDERATIONS

Implementation of methane recovery svstems should focus on large and gassy mincs: in general.
recovery and usc will be economic only for mines with high coal production and high methane emissions
per ton of coal mined. A majority of these mines arc located in the Central and Northern Appalachian
basins (primarily Pennsyvlvania. Virginia. West Virginia. and castern Kentucky). the Warrior basin
(Alabama). and a few southwestem states. However. other statcs may also have mines for which methane
rccovery and use may be cconomic.

A few large and gassy mings can account for a very large portion of total statc coal mining
cmissions. and cncouraging their use of coal mine methane can significantly reduce cmissions.
Furthcrmore. developing methane recovery and utilization projects will have an immediate impact on
reducing greenhouse gas emissions. Recovery wells and utilization cquipment can usually be installed
within a vear.

Implementation of programs to encourage recovery and use of methanc is facilitated by the fact
that such projects can be profitable for coal mincs. Currently. ten mings located in Alabama. Virginia. and
Utah ar¢ making a profit by sclling recovered methanc to pipelines (Sce Exhibit 5-10). In 1993, these ten
mincs recovered for sales to pipelines about 25 bef of methane that would other wise have been emitted to
the atmosphere (U.S. EPA. 1994b). On-sitc power gencration may also be profitable for coal mincs.



Given their large clectricity requirements. coal mines may realize significant cconomic savings by
generating power from recovered methane. Nearly every picee of cquipment in a mine operates on
clectricity. including mining machincs. convevor belts. ventilation fans. and clevators for workers.
Furthermore. the gassicst mines may be able to gencrate power in excess of their own on-site needs: this
cxcess power could be sold to a utility.

Finally. the benefits of methane recovery and usc are not limited to reducing emissions. Recovery
and usc of methane reduces the risk of cxplosion in mines. reduces costs for mine ventilation. contributes to
cnergy cfficiency by utilizing an otherwise wasted resource. and may create additional financial revenucs
for coal ming¢s and additional jobs in mcthane production.

POLICY OPTIONS

Policy options described here focus on programs that could cither best be dc\ clopcd at the state
level or that could augment federal programs that are planned or already in progress.’

o Provide Information. The utilization of recovercd methang is still a relatively new coneept in the
coal mining industry. States can disseminate information on methane recoveny options and
highlight instances of successful methane recovery projects. State agencics may also find a role in
identifving and attracting investors in coal mine methane projects and facilitating linkages between
local coal companics and potential partners.

e Support Research and Development. Scveral technologics that might help reduce coal mine
mcthance emissions -- such as gas enrichment processes and utilization of mine ventilation air as
combustion air -- lack technical demonstration. Additional rescarch is also needed on flaring.
States may be able to support rcscarch on the potential application of such tcchnologics at coal
mings within their |unsd1ctlons

o Address Legal Barriers. Unresolved Iegal issucs conceming the ownership of coal mine methane
resources constitute one of the most significant barricrs to coal mine methane recovery. For
cxample. ambiguity regarding who may demand compensation for resource development provides a
disincentive for investment in coal mine methane projects. Potentially. entitlement could rest with
the holder of the coal rights. the owncr of the oil and gas rights. the surface owner. or a
combination of the three. As part of the Encrgy Policy Act of 1992 states will be required to
develop a mechanism to address ownership issucs.” Onc option. cnacted by Virginia. is to force
pooling of all potential interests in the resource. Under foreed pooling. until such time as
ownership is decided. payment of costs or proceeds attributable to the conflicting interests arc paid
into an ¢scrow account. This legislative cffort resulted in the rapid development of coal mine
mcthanc projects in Virginia (U.S. EPA. 1993b).

* Under the National Encrgy Policy Act of 1992. the Sccretary of Encrgy. in consultation with the EPA and the
Department of Interior. is instructed to study the technical. cconomic. financial. legal. regulatory. institutional and
other barricrs to coalbed methane recovery. This study is to be submitted to Congress in October 1994.

" States should be aware that the Encrgy Policy Act of 1992 mandates the cstablishment of a federal demonstration
and commercial application program for advanced coalbed mcthanc utilization technologics.

" As part of the Encrgy Policy Act of 1992. thosc states determined by the Sccrctary of Interior as not having
statutory or rcgulatory procedurces for addressing owncrship concerns will have three vears to ¢nact such a
program. If the state docs not act. the Sccretary of Interior will imposc a forced pooling mechanism similar to that
cnacted in Virginia.



o Address Institutional Barriers. Pipeline capacity is severely limited in many coal producing
rcgions. which can make it difficult for coal mine methane produccrs to gain reliable access to
pipclines or may necessitate the construction of extensive gathering systems. Accordingly. states
with limited pipeline capacity may wish to encourage or expedite new pipeline construction.
Similarly. clectric utilitics in many coal producing regions have cxcess capacity and low gencerating
costs. Accordingly. utilitics may have low "buv-back” rates for power generated from coal mine
mcthane. Furthcrmore. duc to concem over losing a large customer. utilitics may discourage coal
mingcs from generating power for their own use. States could consider adopting provisions to
cncourage power generation from environmentally preferred power producers. such as coal mine
mcthane projects. States may also cvaluate the need for actions to ensure that utilitics do not
inappropriatcly discourage power genceration for on-site use. Scction 3.2 of this document. which
addresses "supply-side” mcasures for reducing greenhouse gas cmissions from the clectric utility
scctor. discusscs these policy options in greater detail.

o Provide I'inancial Incentives. Though methane recovery and use may be immediately profitable
for some mings. others may find these projects cconomically feasible only if given appropriate
financial incentives. For example. low interest loans for investment in recovery and utilization
projects could encourage recovery methods that would capture the greatest amount of methane. A
statc-issucd production tax credit could also encourage methanc recovery (e.g. a $/mef of gas or
cents/kwh of clectricity produced credit against state tax liability).”

o [lnsure Appropriate Operating Standards. Coal mine methane wells. although similar to
conventional natural gas wells. have important technical differences that may necessitate the
development of state regulations specifically addressing this tvpe of production. These regulations
may be related to well spacing. coal mine safety. and produced water treatment and disposal.
Statcs without an ¢xisting coal mine methane industry may need to investigate the adequacy and
applicability of existing regulations and modify them as appropriate to ensure the safe.
cnvironmentally beneficial. and cffective production of coal mine methane. The coalbed methane
industry has cooperated with regulators in states like Alabama and New Mexico to facilitate the
rapid development of appropriate regulatory frameworks. Such regulations may serve as a model
for statc initiatives to expedite coal mine methane development.

o Require Methane Recovery and Use. States could directly require underground minges to recover
and usc mcthane. However. this may not be a viable policy option for scveral reasons. including:
(1) methane recovery and usc is most ¢cconomic for mings with high methane emissions: and (2)
rccovery and use could not be mandated unless there were guaranteed gas or clectricity markets for
the recovered methane.

5.5.2 Reduce Coal-Fired Energy Consumption
A sccond technical approach to controlling coal mine methane emissions is to reduce coal-fired

energy consumption. This approach would reduce the demand for coal and thus reduce the level of mining
activitics and the resulting methane emissions. Importantly. this approach could be adopted by most states.

" In 1979. the U.S. Congress cnacted the "Scction 29" tax credit in order to encourage the development of
unconventional gas resources. The cligibility of coalbed methanc production under the Scection 29 tax credit has
expired as of the end of 1992 and gas produced from coalbed mcthane wells will only be cligible for the credit if
they are drilled prior to the expiration date.



rcgardless of the amount of coal they produce because nearly all states consume clectricity from coal-fired
power plants. Reducing coal-fired encrgy consumption could be achicved by encouraging cnergy cfficiency
and/or by cncouraging fucl switching from coal-fired clectricity production to less polluting ¢nergy sourccs.
Programs designed to reduce coal-fired energy consumption would likely be implemented in conjunction
with general policies targeted to encourage encrgy efficiency and fuel-switching. See Scctions 3.1 and 3.2
for morc information on cnergy consumption and production.

5.6 METHANE FROM LANDFILLS

Landfills arc the largest single anthropogenic source of methane emissions in the United States.
Municipal solid wastc (MSW) landfills account for over 95 percent of landfill methane ¢missions. with
industrial landfills accounting for the remainder (U.S. EPA. 1993a). Mcthane is produced during the
bacterial decomposition of organic matcerial in an anacrobic (i.c.. oxyvgen deprived) environment. The rate
of landfill methane production depends on the moisture content of the landfill. the concentration of nutrients
and bactena. temperature. pH. the age and volume of degrading maternial. and the presence or absence of
scwage sludge. Once produced. methane migrates through the landfill until a vertical opening is reached
and the gas cscapes into the atmosphere.

There are two basic approaches for reducing methane emissions from landfills. The first approach
is to recover the methanc and to cither flare the gas or usc it as an encrgy source. The sccond approach
involves reducing the quantity of degradable organic waste produced and deposited in landfills. In addition.
these approachcs support other state environmental and public health prioritics. such as protecting air.
surface water and ground water resources.

5.6.1 Methane Gas Recovery

DESCRIPTION

Landfill gas produced in a scaled landfill can casily be captured by installing a gas recovery
svstem. Landfill gas is tvpically 30 percent methane (along with 43 percent carbon dioxide and 3 pereent
other gases including hvdrogen sulfides and volatile organic compounds (VOCs)). and is therefore a
medium quality gas that can be: (1) recovered. purified. and used to generate clectricity: (2) used as a
source of natural gas for residential. commercial. or industrial heating needs: or (3) combusted in a flare.
In addition. there are several emerging utilization technologics that may be commercially available in the
ncar term. including using landfill gas as a vechicle fucl and/or in fuel cell applications. Gas recovery
cssentially involves "mining” the trapped methane. This process consists of drilling wells into the landfill.
withdrawing the gas under negative pressure. and gathering the recovered gas at a central processing
center. Unlike strategics concentrated on reducing the amount of degradable waste landfilled (which curb
future methanc emissions). methane gas recovery reduces current methane emissions. Recovenng methane
has other environmental and safety bencfits as well. such as reducing the nisk of explosions. reducing odor.
and rcducing cmissions of air toxics and non-mcthanc volatile organic compounds.

Mcthane gas recovery and utilization technologics are widely available. and projects have costs
. . . . 16 ey
similar to other relatively small renewable energy technologics. The profitability of landfill gas energy
recoveny projects depends on a range of factors. including the volume of recovered methane. the price

* Costs for methane recovery range from $3.000 to $10.000 per acre for installation. Combustors for flaring range
from $15.000 to $90.000. To purifv the gas for usc in internal combustion engines costs from $30.000 to $300.000
for purification (IPCC. 1992b).



obtaincd for clectricity (or gas) sales. and the availability of tax incentives. Currently. there are more than
150 fully operational landfill gas recoveny and utilization projects in the United States. recovering about
1.3 teragrams. or 66 billion cubic feet. of methane gas per vear. Nearly 100 additional gas recovery
projects arc underway around the country. EPA ¢stimates that there may be an additional 300 profitable
landfill gas cncrgy recovery projects that could be developed in the U.S.. but arc constrained by
informational. regulatory. and other barricrs. Mcthane can also be flared. which almost completely
climinates the methane contained in the gas. but wastes the encrgy value of the gas.

Before recovered landfill gas can be used as a fucl source. it must be processed to remove water.
particulates. and corrosive compounds. Processed landfill gas can be used to power an clectric gencerator.
such as a gas turbine or an intemal combustion engine. Thermal energy from combustion can also be used
to drive a stcam turbine to increase clectricity production.  Altematively. landfill gas can cither be used
dircctly for industrial. commercial or domestic ¢nergy purposcs. or upgraded to a high-Btu fucl suitable for
supplving a natural gas pipcline.

CONSIDERATIONS

Implementation of landfill gas recoveny and utilization projects should focus on large landfills (over
I million tons of waste-in-place). which will most likcly have a high enough gas flow to support a
profitable project. While landfill gas recovery will be particularly relevant for states with large urban
centers. and their associated large municipal solid waste landfills. all states will have several landfills at
which landfill gas rccovenv may be a viable option.

Landfill gas projects can provide many important cnvironmental and cconomic benefits. They
improve the global environment by reducing methane emissions. and the local environment by reducing
c¢missions of volatile organic compounds (VOC). while simultancously displacing emissions associated with
fossil fucl usc. They also provide a sccure. low-cost energy supply that can reduce dependence on non-
local energy. Thev also reduce the waste of valuable natural gas by preventing it from being emitted to the
atmosphere. In addition. these projects can provide cconomic bencfits. such as creating jobs and generating
revenuces.

Traditionallv. landfill methane has been viewed as a safety hazard and a genceral nuisance.
However. there is an increasing awarencess on the part of state and local governments. landfill owners and
operators. utilitics. and industry. of the environmental. energy. and cconomic benefits that can result from
rccovering. rather then emitting or flaring. this gas. For example. utilitics. which arc a major market for
clectricity generated at landfills. can play an important role in encouraging cconomically attractive projects.
The benefits of these projects to utilitics include: promoting a diversified fuel mix: obtaining additional

Acid Rain Credits: and fulfilling Climate Challenge commitmcnts.]7 Utilitics can also markct power
gencerated from landfill gas as “green power.” thereby appealing to consumers” increasing interest in
cnvironmentally benign products. Landfill owners and operators can benefit by reducing regulatory costs
and improving landfill safctv. EPA's New Source Performance Standards and Imission Guidelines.
promulgated on March 12, 1996, require many landfill owners and operators to collect and. at the very
lcast. flarc their landfill gas. Utilizing the collected gas for an energy recovery project may offer owners

" Climate Challenge. sponsorcd by DOE. is a CCAP initiative targeted at clectric utilitics. This action encourages
clectric utilitics and other cligible firms to submit voluntary greenhouse gas reduction portfolios to DOE for
inclusion in the Encrgy Information Administration's databasc. Through Climate Challenge. DOE is also
attempting to stimulate the development and application of clcan. sustainable energy technologics. strengthen the
U.S. position in the global environmental technology marketplace. and contribute to overall environmental quality.



and opcrators an opportunity to offsct regulatory costs or cven generate a profit. Local industrics can also
benefit from encouraging or participating in landfill gas energy recoveny projects by obtaining an
incxpensive source of medium quality fucl (or stcam. if the project is generating clectricity).

POLICY OPTIONS

o Provide Information. Statcs can provide landfill owners. project developers. and other interested
partics with information on landfills that arc candidatcs for methane recovery projects. on potential
clectricity purchasers (i.¢.. utilitics and industrial ¢nd-uscrs). and on relevant regulatory policy and
permitting issucs within their statc. EPA's Landfill Mcthane Outrcach Program (LMOP) works
cooperatively with states to encourage landfill gas encrgy recovery projects by developing and
disseminating these tvpes of information. For this purposc. the LMOP has developed many
publications and tools.” including;

*  [-PLUS decision support sofiware: assists landfill owners and operators in evaluating the
costs of landfill gas collcction and usc.

*  [nd-user locator software (currently under development): helps landfill owners and opcerators
and project developers find buyvers for the encrgy they produce by identifving potential end-
uscrs. including schools. prisons. industrics. and others.

*  Stare Primers: developed for every state that becomes an ally to the program. Primers
facilitatc communication and coopcration between states and project developers by identifving
project opportunities. detailing pertinent regulations. and providing contact information for
individuals at relevant state agencics.

*  Landfill Profiles database: lists all landfills that arc candidates for gas utilization projects in
sclected states. The database includes many factors relevant to the development of projects.
including landfill name. location. sizc. gas generation capacity. regional ¢lectricity prices. and
whether or not the landfill has a gas collection system in place.

*  Guidance Documents and periodic reports: can be provided by states to project developers
and interested landfill owners. These documents include a guide to understanding the Landfill
Rule. the Ally Report and the Ally Update (periodic reports providing information on issucs
affccting development of landfill gas cnergy recovery projects). project financing guidance
documents and brochures. and “Tuming a Liability into an Assct: a Project Development
Handbook™.

LMOP representatives also meet with state agencics throughout the country to discuss way's that
statcs can support and cncourage development of landfill gas-to-cnergy projects.

o Address Institutional Barriers. Electricity pricing and transmission line access and capacity may
confound the development of landfill gas recovery projects. States with limited pipeline capacity
may wish to encourage or expedite new pipeline construction or grant environmentally beneficial
produccrs preferential access to existing clectric power lings.  States could consider adopting

8
1 LMOP products. including E-PLUS. statc primers. and other guidance documents. can be ordered by calling the
LMOP Hotlinc at 1-888-STAR-YES (782-7937).



provisions to cncourage power production from landfills and cvaluate the need for actions to ensurc
that utilitics do not inappropriatcly discourage power generation for on-site usc or for sale to the
utilitics (sce also Scctions 3.1 and 3.2).

State regulatory policy and permitting procedures can also present barriers to landfill gas projects.
For example. the siting of the clectricity gencration cquipment associated with a project can be
extremely difficult in some regions. even though these projects have positive impacts on local air
quality. In general. the permitting process for small unconventional power projects can hinder the
implementation of these projects. In some cases. regulations conceming the placement and
opcration of collection wells. developed for gas migration control. can interfere with optimal well
placement for gas recovery and utilization. States can review their policics and procedures in order
to reduce unneccessary barriers to these tvpes of projects. EPA's Landfill Mcthane Outreach
Program is working coopcratively with state allics to conduct interagency reviews of state
rcgulations and permitting procedures.

o Provide Financial Incentives. Mcthane recovery projects can be encouraged through tax credits.
loans or grants for capital investment in methane collection cquipment. and state and private
investment in rescarch and development of landfill gas recovery technology. States can provide
production tax credits to landfill operators that initiatc methane recovery for power production or
offcr consumption tax credits to utilitics that purchase methane from landfill projects. Statcs may
also subsidiz¢ clectric transmission ling upgrades. pipeline upgrades. and offer other incentives to
extend gathering lines to allow for transport of additional capacity. Additionally. statcs could
imposc an cmissions tax on methane released to the atmosphere or diversion credits for cmissions
avoided through methane recovery.

5.6.2 Keeping the Organic Fraction of Municipal Solid Waste Out of Landfills
DESCRIPTION

When organic matenials are landfilled. some of the carbon is converted by methanogenic bacteria to
mcthane. carbon dioxide. and other gascs. and some of the carbon is sequestered. Organic matcerials that
producc significant amounts of methane include paper. vard trimmings. and food scraps. Preliminary
rcscarch by EPA indicates that when office paper. corrugated cardboard. food scraps. or grass clippings
arc landfilled. the GHG emissions from methane generation outweigh the GHG sink duc to carbon
scquestration (EPA. 1997). By keeping these materials out of landfills (through recyveling or composting).
states can reduce net GHG emissions from the waste management scctor.

There are several approaches to reduce the amount of these organic materials landfilled. These
include source reduction. recveling. composting. and combustion. Source reduction and recycling also
gencrally reduce the use of fossil fucls in manufacturing. further reducing GHG ¢missions. This scction
focuscs on keeping the organic fraction of municipal waste out of landfills. Further information on methods
to reduce GHGs from municipal wastc management (including a more comprehensive discussion of the
opportunitics for source reduction and recyvcling) may be found in Section 6.2,

CONSIDERATIONS

The simplest method of managing vard trimmings is “grasscyvcling.” or lcaving grass clippings in
placc on the lawn to decomposc. Some homeowners prefer to use a “mulching mower™ for this purpose. In
a statc with a population of 3 million. and the national average rate of genceration of grass clippings.



grasscyveling will reduce GHG emissions by 10.000 metric tons of carbon cquivalent (MTCE) per vear.
compared to landfilling the grass clippings.

Yard trimmings may also be composted. cither in a backvard compost pile or bin. or in a
centralized composting operation. Backvard composting climinatcs GHG emissions from waste
transportation. Centralized composting by a municipality requires land. labor. and a distribution svstem for
the finished compost. Much of the compost may be used for municipal landscaping or highway projccts.
Altematively. centralized composting mayv be done by farmers. In such cases. the municipality typically
transports vard trimmings to a farm. where the fanmer accepts them at no cost to the municipality. The
farmer then makes compost from the vard trimmings. and uscs the compost on the farm.

Food scraps may. similarlv. be composted cither in backvards or in a centralized operation.
Commercial composting of food scraps is bccoming more common.

Paper may be kept out of landfills through reeyveling. Prices for recovered office paper and
corrugated boxes. in particular. have been consistently good. suggesting that it is particularly cost-cffective
to rcevele these tvpes of paper. An added advantage for recveling office paper and corrugated boxcs is that
they arc gencerated by commercial sources. so that collection cfforts vicld high quantitics.

Altemativelv. paper. food scraps. and vard trimmings may be combusted. Particularly when the
combustor incorporates cnergy recovery. this waste management method gencrally results in lower GHG
cmissions than landfilling.

POLICY OPTIONS

States have a numbcer of policy options for keeping organic materials out of landfills. The most
popular policy among statcs to date is a ban on landfilling of vard trimmings: by carlyv 1997 23 states had
instituted such bans. Yard trimmings in these states are cither composted. combusted. or left on the ground
to dccay naturally.

States may also promote or require recveling of paper and other materials. To promote recyeling,.
Orcgon requires haulers to collect recvelable materials from businesses. and requires that collection service
be provided at a cost that docs not exceed refuse collection costs.

Composting of food scraps is a significant arca of opportunity for further reducing the amount of
organic wastc going to landfills. Some communitics offer houscholds free recyeling bins for this purpose.

An cducational campaign can be instituted to promote any of the options discussed above. A
rclatively low-cost policy option would be an ¢ducational campaign to promote grasscyvcling. as well as
backvard composting of vard trimmings and food scraps. Minncsota and Pennsylvania are two states that
have extensive educational campaigns to promote recveling and composting.

5.7 METHANE EMISSIONS FROM DOMESTICATED LIVESTOCK

Mcthane is produccd as part of the normal digestive processes of animals: this process is referred
to as "enteric fermentation."  Of domesticated animals. ruminant animals -- including cattle. buffalo. sheep.
goats. and camels -- arc the major source of methanc emissions. Ruminant animals arc characterized by a
large "forc-stomach” or rumen. Microbial fermentation in the rumen cnables these animals to digest coarse
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plant matcerial that monogastric animals. including humans. cannot digest. Mcthane is a byproduct of this
microbial fermentation.

In the U.S.. cattle account for ncarly all methane emissions from enteric fermentation.  Factors
affccting methane production from individual animals include: the physical and chemical characteristics of
the feed. the feeding level and schedule. the activity and health of the animal. and possibly genctic traits
(U.S. EPA. 1993a). Of thesc factors. the feed characteristics and feed level most influence the amount of
mcthane produced.

In general. methane production by livestock represents an incfficieney because the feed energy
converted to methane is not used by the animal for maintenance. growth. production. or reproduction.
While cfforts to improve cfficicney by reducing methane formation in the rumen directly have been of
limited success. it is recognized that improvements in overall production cfficiency will reduce methane
cmissions per unit of product produced. A wide varicty of techniques and management practices are
currently implemented to various degrees among the U.S. livestock producers which improve production
cfficiency and reduce methane emissions per unit of product produced. More widespread use of these
tcchniques. as well as the implementation of new techniques. will enable methane emissions from livestock
to be reduced.

No cxisting federal or state regulations specifically focus on reducing methane emissions from
domesticated livestock. However. govermment and industry efforts designed to promote animal production
cfficiency will also indircctly reduce methane emissions. Several techniques including genctic
improvements and the use of productivitv-cnhancing agents as well as changes to the marketing svstem for
milk and mcat products. including the milk pricing svstem and the beef grading svstem could potentially
rcduce methane ecmissions from livestock (EPA. 1993b).

5.7.1 Improve Production Efficiency Per Animal
DESCRIPTION AND CONSIDERATIONS

Improving livestock production cfficicney so that less methane is cmitted per unit of product is the
most promising and cost cffcctive technique for reducing emissions in the U.S. While U.S. livestock
production is among the most productive in the world. opportunitics for improvement exist for all sectors of
the cattle industry that can reduce methane emissions substantiallv. In many cascs these options can be
profitablc because they reduce costs per unit of product produced.

Specific stratcgics for reducing methane cmissions per unit product have been identificd and
cvaluated for cach scctor of the beef and dainy cattle industry. Throughout the industry. proper veterinary
carc. samtation. ventilation (for enclosed animals). nutrition. and animal comfort provide the foundation for
improving livestock production cfficicncy. For many produccrs. focusing on these basics provides the best
opportunity for improving production cfficicncy. Within this context. a vancty of techniques can help
improve¢ animal productivity and reduce methane emissions per unit of product.

o Dairy Industry. Significant improvements in milk production per cow are anticipated in the dairy
industry as the result of continucd improvements in management and genetics.  Additionally.
production-cnhancing tcchnologics. such as bST. arc being deployved that accelerate the rate of
productivity improvement. By increasing milk production per cow. methane emissions per unit of
milk produced declines (EPA. 1993b).



e BeefIndustry. Improving productivity within the cow-calf sector of the beef industry requires
additional cducation and training. The importance and value of better nutritional management and
supplementation must be communicated. Encrgy. protein. and mineral supplementation programs
tailored for specific regions and conditions need to be developed to improve the implementation of
these techniques. The special needs of small producers must also be identified and addressed
(EPA. 1993b).

In addition to these near term reduction strategics. several veny long term options may become
availablc as the result of ongoing rescarch. including: the transfer of desirable genctic traits among specics
(transgenic manipulation). the production of healthy twins from cattle (twinning): and the bioengincering of
rumen microbes that can utilize feed more cfficiently,

POLICY OPTIONS

Though significant cfforts by the dain and beef industrics and the U.S. Department of Agriculture
arc alrcady undenway to rescarch and/or promote adoption of practices that will improve animal cfficicncy
and rcduce methane emissions per unit product. states can also implement policics designed to reduce
mcthane ¢cmissions from ruminant livestock.

e Provide Information. Through the USDA Coopcrative Extension Scrvice. states may be able to
develop information campaigns to encourage the usc of techniques that improve production
cfficiency and reduce methane emissions per unit product. States could develop and make
information available on the best management practices for different regions of the state. provide
feed analysis services to determing actual protein and drv matter content of feeds. and provide
information about and acccess to feed balancing computer programs.

o Support Research and Development. States could promote further rescarch on genctic
improvement in beef cattle. on identifving critical nutritional deficiencics that could be corrected
through mincral or protcin supplementation. and on determining the nutrient content of feeds.
States may be able to work with industry on these cfforts.

o Provide Incentives. Generally. the most profitable livestock management practices do not vicld
maximum biological productivity from the animals (¢.g.. maximum milk per cow or maximum
weaned calf weight per cow). Targeted financial incentives (fees and rebates) tied to verifiable
productivity measurcs could be used to encourage producers to improve productivity. which would
then reduce emissions per unit product produced. Significant rescarch remains to design such an
incentive system. including: choosing appropriate and verifiable measures of productivity:
developing funding and fee collection mechanisms: and sclecting appropriate levels for the
mcentives.
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5.7.2 Improve Overall Production Efficiency of Animal Products by Matching Animal
Products to Customer Preferences

DESCRIPTION AND CONSIDERATIONS

The existing svstems for marketing milk and meat products in the U.S. have important influences
on production cfficicncy. and hence methane emissions. Refinements to the existing marketing svstems
hold the promisc of improving the link between consumer preferences and production decisions. thereby
reducing waste and improving cfficicncy. Proposed approaches include the following:

e Dairy Industry. Dairv industry emissions can also be reduced by refinements in the milk pricing
svstem. By climinating reliance on fat as the method of pricing milk. and moving toward a more
balanccd pricing svstem that includes the protein or other non-fat solids components of milk.
mcthane cmissions can be reduced as the result of changes in dairy cow rations and genctics.
There is already a trend to reduce reliance on fat in the pricing of milk (EPA. 1993b). To realize
mcthane cmissions reductions from this trend. the cffectiveness of alternative ration formulations
on protcin svinthesis must be better characterized.

e Beeflndustry. Refinements to the beef marketing svstem are needed to promote cfficiency and
shift production toward less methane emissions intensive methods. To be successful. the
refinements to the marketing svstem require that the information flow within the beef industry be
improved substantially. Techniques are required to relate beef quality to objective carcass charac-
teristics.  Additionally. the carcass data must be collected and used as a basis for purchasing cattle
so that proper price incentives are given to improve cattle quality and reduce unnecessary fat accre-
tion.

The beef industry has several programs under way to achicve these objectives. Carcass data
collection programs have been initiated that provide detailed data on carcass quality to partici-
pating produccrs. Also. a major initiative 1s ongoing to cducate retailers regarding the cost-
cffectiveness of purchasing more closcly trimmed beef (Iess trimmable fat). As these programs
become more widcely adopted. the information needed to provide the necessary price incentives to
producers will become available.

POLICY OPTIONS

The beef and milk marketing svstems are principally regulated through existing federal programs.
States have few opportunitics to influence these svstems through regulatory mechanisms. However. as
significant purchascrs of milk and meat products. Statcs and related State-influenced institutions (such as
schools and hospitals) have an opportunity to purchase milk and meat products in a manner that provides
the price signals that lcad to improved production cfficiency. Significant rescarch remains to be done to
fashion an appropriate State-level policy in this regard. but there is substantial potential to influence
production practices through the usc of specifications in purchasc contracts. Altcmatives for specifving
product characteristics should be ¢xplored and opportunitics for lcveraging purchasing decisions need to be
identificd.
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5.8 METHANE FROM MANURE MANAGEMENT

When livestock manure is handled under anacrobic conditions (in an oxyvgen free environment).
microbial fermentation of the waste produces methane. Liquid and slurry waste management svstems are
cspecially conducive to anacrobic fermentation and to methane production. Because confined livestock
operations such as dairv and hog farms relv on liquid and/or slurny systems to manage a large portion of
their manure. they account for a majority of all animal manure methane emissions in the U.S. Emissions
depend on farm characteristics (including number and tyvpe of animals. manure management practices. and
animal dict) and climatic conditions (including temperature and relative humidity).

In addition to mcthane cmissions. livestock manure can cause surface and ground water pollution.
air pollution (¢.g.. ammonia and strong odors). and human hcalth risks. Statc and federal regulations
require proper manure management practices to avoid these potentially adverse environmental problems.
In particular. under Scction 319 of the Federal Clean Water Act (CWA). confined livestock operations are
regulated as potential point sources of water pollution and arc required to control rainfall run-off and to
apply manure prudently. This scction of the CWA is enforced by individual states through a permit
process designed under the National Pollution Discharge Elimination System (NPDES) program.

In order to comply with these federal and state regulations. many confined livestock operations
(i.c.. non-grazing opcrations) arc utilizing anacrobic lagoons or pits to contain runoff and to manage their
manurc. These systems are simple. cost-cffective. and relatively safe. However. because anacrobic
svstems produce more methane than acrobic systems. their increased usc could significantly increasc
mcthane cmissions from livestock manure.

5.8.1 Methane Recovery and Use

DESCRIPTION

Feasible and cost-cffective technologies exist to recover methane produced from the liquid manure
management syvstems used at dairy and swine operations. Mcthane can be captured. for example. by
placing a cover over an anacrobic lagoon. A collection device is placed under the cover and methanc 1s
removed by a vacuum. Alternatively. methane can be recovered from mixed tank or plug flow digesters
that producc methane. These and other technologics can be used on individual farms or at centrally located
facilitics.

Because methanc is a fucl. methane gas recovered by any of the available methods provides a
renewable energy source. The methane can be used in a varicty of cquipment:

e nternal Combustion (IC) Engines. 1C engines are rcliable. available in a varicty of sizes. and can
be operated casily. Electncity generated can be used to replace energy purchased from a local
utility or can be sold to the local clectricity supply svstem. Additionally. waste heat from these
engings can provide heating or warm watcr for farm usc or for reeyveling into the recovery system.

e Boilers and Space Heaters. Boilers and space heaters fired with methane can produce heat for use
in livestock operations. Although this is an cfficient usc of the gas. it is gencrally not as versatile
as clectricity generation and most farms do not require the amount of heating that can be generated.



e Chillers. Gas-fired chillers are commercially
available and can be used for milk refrigeration
on dairv operations. Bcecause dairv farms usc
considcrable amounts of cnergy for
refrigerating milk. chillers may provide a
profitable opportunity for on-farm methane
utilization.

Exhibit 5-11: Methane Recovery in North
Carolina

The Southcast Regional Biomass
Encrgy Program (SERBEP) recently
supported a successful demonstration project
on methane recovery at a dairy fanm near
Ralcigh. North Carolina. Mcthanc captured
from animal wastc is a biomass fucl that can
be uscd as a substitute for natural gas or
propanc. The demonstration project used a
mcthanc recovery technique called lagoon
digestion. which involves the construction of a
deep carthen lagoon in which animal wastc is
collected. A scaled cover is placed over the
lagoon to allow for the collection of methane
from the normal digestion of the waste by
bacteria. The benefit of the digestion
approach is that it docs not require clevated
temperaturcs. Furthcrmore. this technology
displaved low operating costs. On average.
the project produced 5000 cubic feet of gas
per dayv. with a methane content of 69 percent.
which was used to fucl a boiler that provides
hot water for the farm's milking parlor.

e Jipeline Sales. Available methane can be sold
to pipelines for distribution through the existing
natural gas pipcline network. However. gas
produced from livestock manure is tyvpically
composcd of about 40 to 30 pereent carbon
dioxide (CO») and trace quantitics of other
gascs such as hydrogen sulfide (H»S). which
nced to be removed before the gas can be
injccted into a pipeline. The cost of upgrading
the gas to pipeline quality makes this option
uncconomical at the current time.

Mcthane must be processed before it can be
uscd in most cquipment. The amount of processing
nceessary depends on the specifications of the
cquipment and the characteristics of the gas.

Depending on the number of large dainv and
swinc opcrations in a state. utilization of livestock
mcthane can significantly reduce methane emissions. These svstems can reduce emissions at individual
farms by up to 80 percent (U.S. EPA. 1993b). Furthermore. developing methane recovery and utilization
projects will have an immediate impact on reducing cmissions since these svstems can be installed within
ong vear.

It should be noted that policics regarding methane recovery svstems may be compatible with
policics encouraging the usc of manure instcad of commercial fertilizer. Mcthane recovery svstems could
be emploved during the storage period before application to ficlds.

CONSIDERATIONS

Recent trends in manure management. such as using anacrobic lagoons to mect requircments of the
Clean Water Act. have prompted interest in developing and installing on-farm methane recovery svstems.
Many of the operational problems initiallv experienced with methane recovery svstems in the carly 1970s
have been overcome during the past two decades through advances in the methane recovery industry.
EPA’s AgStar program focuscs on providing support to farms considering implementing methane recovery
svstems. As of late 1997 there were 40 farm operations participating as AgStar partners.

Implementation of recovery svstems usually focuses on large dairy or hog farms (for example.
farms with over 300 milking cows or over 1.500 hogs) that usc liquid or slurmy manure management
svstems which are especially conducive to methane production. The current trend in livestock production is
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away from the small family farm (less than 200 cows) with limited manure storage capabilitics toward
large production farms (over 300 cows) that usc manure storage systems as a matter of routine.  This trend
may mcan that an incrcasing number of farms will find it cconomic to capturc methane. Additionally.
mcthane recovery and use may be more cconomical for farms located in a relatively warm climate.

POLICY OPTIONS

Policy options described here focus on programs that could cither best be developed at the state
level or that could augment federal programs planned or alrcady in progress.

e Provide Information. Onc of the most significant barricrs to the development of methane recovery
projects is lack of information. Current recovery systems must be demonstrated to show that the
problems that plagued the carlicr svstems have been resolved.  States can potentially disseminate
information on successful methane recovery projects and provide training in the design.
construction. and operation of methance recovery svstems. For example. states could distribute the
AgStar FarmWare software to farmers: this software cstimates the net present value of a farmer’s
investment in a project to capture methane from manure. and use the methane to produce
clectncity,

o Support Research and Development. As recovery technology improves. more farms may find it
cost-cffective to recover and utilize methane produced from livestock manure. States may further
the advancement of these technologics by supporting rescarch and development projects.

o Address Institutional Barriers. Scveral cconomic barricrs that limit the adoption of methane
rccovery systems arc common to other small power producers. cogencrators. or other independent
power producers. Ong problem is low utility "buy back” ratcs. which limit the valuc of the energy
produced. In the case of methane recovery from livestock manure. low buy back rates may be less
significant because usually the energy produced can be used to displace the encrgy purchased by
the farmer from the utility. However. if utilitics were to lower their clectricity rates in order to
compcte with these recovery projects. the profitability of these projects would be reduced:
profitability 1s extremely sensitive to clectricity rates. States could cvaluate the need for actions to
cnsure that utilitics do not inappropriatcly discourage power generation for on-site usc.

e [valuate Existing Regulations. Some existing regulations may hinder the development of recovery
svstems. In some states. cquipment uscd at livestock operations located near large metropolitan
arcas must mect air cmissions standards that reduce the profitability of the projects. These air
cmission standards may not consider that these systems are being used to mitigate other harmful
cmissions. Further. adding a methane recovery system to an existing manurc management system
may require permit modifications. The cost of applyving for and obtaining changes in opcrating
permits reduccs the profitability of developing a recovery system.  States could cvaluate the need
for modifving existing rcgulations that may constrain the wider development of recovery projects.

e Provide Financial Incentives. Though methanc recovery and use may be immediately profitable
for somg¢ farms. other farms could find projects to be cconomically feasible if given appropriate
financial incentives. For example. inadequate capital financing may limit the ability of farmers to
purchase a recovery and utilization system: this barricr could be addressed through the provision of
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low intcrest loans. A statc-issued production tax credit would improve the cconomics of recovery
. . 19
projects and could encourage more farmers to develop projects.

o Require Methane Recovery and Use. States could require confined livestock operations to recover
and usc methane. However. numerous factors -- such as climate. farm layvout. current clectricity
ratcs -- may impact whether projects will be cconomical. When conditions are not conducive to the
profitablc recovery and usc of methane. a recovery requirement could imposc a substantial
cconomic burden on some farms. particularly those with the lowest emissions.

5.8.2 Increase Aerobic Treatment of Livestock Manure

DESCRIPTION AND CONSIDERATIONS

A sccond technical approach for reducing methane emissions from livestock manure is to
encourage acrobic treatment of livestock manure at confined livestock operations. Normally. the manure
produccd from these operations is eventually spread on land which is part of the livestock operation. Land
application ratcs must be matched to the carrving capacity of the soil. which is influenced. for cxample. by
crop nceds and the scasonal schedule of the producer. Although manure is produced throughout the vear.
in most cascs it cannot be applicd to land at all times of the vear. such as when the land is wet or frozen or
during the crop growing scason. During these times. the manure must be stored until it can be applied to
land. which results in anacrobic conditions and methane formation. Alternatively. livestock manure can be
composted before it is applied or sold as an organic fertilizer. In most cascs. however. the amount of
compost that can be produced greatly exceeds the current demand.

Increasing acrobic treatment (¢.g.. composting) of livestock manure. therefore. could be achicved
cither by: 1) encouraging acrobic treatment of manure while it is being stored: 2) finding altemative uscs
for the manure when local application is not possible: or 3) expanding the market for composted manure as
a fertilizer. The first option -- ¢cncouraging acrobic treatment of the waste -- may not be viable in many
arcas becausce it would be in conflict with regulations that encourage confined livestock operations to treat
manure anacrobically in order to prevent both air pollution and surface and ground water pollution. For
some states. the sccond and third options may be worth consideration if a sufficiently large market for the
manure can be identified.

POLICY OPTIONS

e [rovide Information. Through the Cooperative Extension Service. states may be able to develop
information campaigns to cncourage the usc of acrobic manure treatment. In addition. statcs could
providc manure nutricnt analysis scrvices to farmers to determing the nitrogen. phosphorous. and
potassium contcnt of the manure produced on an individual farm and. therefore. maximize manure
fertilizer usc.

o Support Research and Development. States could investigate the potential for altcmatives to
livestock manure storage and the most ¢fficient methods of composting manure. Further
information on the nutricnt content of composted manure could assist in ¢valuating its potential as
a complcte replacement to inorganic nitrogen fertilizers and encourage its use by non-livestock

" The Encrgy Policy Act of 1992 includces a rencwable energy production incentive. Qualificd rencwable energy
facilitics. which would include facilitics producing clectricity from livestock manure. will be cligible to reccive a
subsidy of 1.5 cents per Kwh of clectricity produced.



produccrs. This could expand the market for composted manure and decrease the amount stored
anacrobically.

o Provide I'inancial Incentives. Acrobic trcatment of manure and the transport of manure to other
arcas may not b¢ cconomical for small farms that currently spread manure on a daily basis.
Financial incentives may be necessary to encourage the use of acrobic trcatment and to assist in
cxpanding the market for composted manure fertilizer.

5.9 METHANE FROM RICE CULTIVATION
DESCRIPTION

Mcthanc is produced in flooded nce ficlds durning the bacterial decomposition of organic matenal.
Non-flooded rice ficlds and deepwater floating rice ficlds (i.¢.. greater than 1 meter floodwater depth) arc
not believed to produce significant quantitics of methane. Rice paddy methane production depends on
scveral factors in addition to watcr depth. including the concentration of nutricnts and bacteria. soil
temperaturc and pH. and the oxidation reduction potential.” These factors are strongly influcnced by
agncultural management practices. such as the application of organic matter which can alter the nutrient
content of the soil and increase the soil temperature during its decomposition. Once produced. methane can
¢scape by plant-mediated transport or diffusion or bubbling through the water column. In general. rice
cultivation is not as large a contributor to methane cmissions in the United States as in other parts of the
world. duc to differences in climate and farming practices.

CONSIDERATIONS

No federal standards cxist to limit emissions of methane from rice cultivation. The Department of
Agriculture. however. recommends certain agricultural management strategics that affect rice cultivation
practices. including (under certain circumstances and particular production arcas). shortened rice ficld
flooding periods. which can reduce methane production. Of the six U.S. states that produce significant
quantitics of rice. including Arkansas. California. Louisiana. Mississippi. Missouri. and Texas. non¢ have
implemented direet regulations to reduce methane emissions from rice ficlds. However. some state
rcgulations restrict water use in agriculture. which may in tum reduce methane production and ¢cmissions.
These regulations also scrve to protect surface water and ground water from pollution.

Scicntific uncertainty surrounds the potential to reduce methane emissions from nce production.
Scveral technical approaches including the sclection of cultivars (i.e.. plant varicty or strain). nutricnt
management. and water regime management have been identified as potential methods to decrease methane
cmissions from rice cultivation. However. the ability of these methods to decrease cmissions is based
mainly on cxperimental data. which often conflict.

Cultivar Sclection

The development of rice strains that produce fewer root exudates may help to limit methane
production. although rescarchers are uncertain about the magnitude of this cffect. In addition. modem
short-stemmed rice varictics have a grain-to-straw ratio that is about 50 percent higher than traditional
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Oxidation reduction potential in this instance refers to the clectrical potential of the watcr-scdiment
cnvironment. In reducing conditions. not cnough oxyvgen is available to sustain acrobic bacteria. and anacrobic
bacteria populations prevail.



vaneties. and therefore. produce less "wasted” organic material (7.¢.. rice straw that cannot be harvested).
These varictics may potentially reduce greenhouse gas emissions. because they decrease the amount of
organic matenal available to decompose in the soil. Different cultivars. however. may adversely affect the
ccology of rice ficlds and may be more costly than ¢xisting strains. Even if the cost of methane-reducing
cultivars docs not significantly differ from cxisting strains. ricc farmers may be unwilling to accept the
costs of conversion or the risks associated with cultivating a different strain. such as potentially reduced
viclds or poorer quality or tastc.

Nutricnt Management

Nutricnt inputs to rice ficlds affect methane emissions by altering the methane production rate.
Application of nitrogen-based fertilizers. ammonium sulfate. and urca generally reduce methane emissions
compared to application of non-commercial fertilizers. Conversely. application of organic fertilizers. such
as rice straw and animal wastes. has been found to increase methane emissions.

Many rice growers in the U.S. practice multi-vear cropping that involves plowing the crop residuc
(i.c.. rice straw) into the soil before planting a different crop. This management practice. which increases
mcthanc emissions. is fairly tvpical in Texas. The altemative -- reducing organic nutrient input to rice
ficlds -- may reduce methane cmissions. but may also decrcase rice vields. In addition. rice straw or other
organic matter that is not used to fertilize the rice ficld may cither be combusted. composted. or landfilled.
all of which produce greenhouse gas emissions.  Unlike organic fertilizers. mincral fertilizers (such as
nitrogen fertilizers) reduce methane emissions to the atmosphere. However. they contribute nitrous oxide. a
greenhouse gas. to the atmosphere and cost considerably more than composted rice straw and other readily
availablc organic waste. Scction 5.10 specifically addresses nitrous oxide emissions from fertilizer
application.

Water Management

Only through continuous flooding do rice paddics remain sufficiently reduced (lacking in oxvgen)
for mcthanc production to occur. As water is drained from rice ficlds. the oxidation reduction potential
incrcases and methane emissions decrcase. For examplc. rice cultivated under drv upland conditions docs
not producc mcthane cmissions: however. production levels may decrease using this production method.
Thus. floodwater depth and the length of the flooding period arc factors that affect methane production.

The tyvpical practice in the U.S. is to cultivate rice on flooded ficlds. These ficlds arc flooded at
depths of approximately 5 to 10 cm. However. these ficlds are not flooded for the entire growing scason.
Usually. sceds are placed into drv land with limited irrigation for approximately 30 days. The land is then
flooded for the remaining growing period. This helps to reduce total scasonal methane emissions.” Federal
and statc water management regulations may limit the amount of water that can be used for agriculture.
indircctly limiting methane cmissions.

POLICY OPTIONS

Because the potential to reduce methane emissions in rice production is limited and scientific
uncertainty surrounds the data on the cffectivencess of different methods in reducing methane emissions.
more rescarch mayv be needed before policy changes are implemented.

21 .. . U . . N
Mecthanc cmissions incrcasc with incrcased water levels over the range of flooding levels tyvpically used in rice

cultivation in the U.S.
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o Provide Information and Technical Assistance. State agricultural agencics and the Cooperative
Extension Scrvice may be able to provide information to rice growers on the benefits of different
cultivars. provide on-sitc technical assistance. develop demonstration programs on cultivar use and
optimal nutricnt applications. and on water management regimes.

o Support Research and Development. States can support rescarch at universitics. non-profit
organizations. or dircctly with farmers to conduct studics that better define the impacts of different
cultivars. nutricnt. and water management practices on methane cmissions.

o Provide Iinancial Incentives. Although statcs do not tvpically get involved in rice programs.
statcs encourage the use of short-stemmed rice varictics and management practices that contribute
most to reducing methane ¢cmissions through tax credits. direct payvments. grants. or loans.
Increased production of rice in drvland conditions can be promoted directly through subsidics.

o Regulate Water Use. States can restrict the amount of water allowed to be used in nice production.
thus decreasing the amount of methane produced. However. requiring the use of drv upland
mcthods or limiting watcr us¢c may decrease rice viclds. This policy option may be compatible with
current state regulations that scrve to protect surface water and ground water.

5.10 NITROUS OXIDE AND OTHER GREENHOUSE GASES FROM FERTILIZER USE

Fertilizers. whether industrially svnthesized or organic (like animal manure and leguminous plant
residuc). add nitrogen to soils. Any nitrogen not fully utilized by agricultural crops grown in these soils
undcrgocs natural chemical and biological transformations that can produce nitrous oxide (N>O). a
greenhouse gas.

Scientific knowledge regarding the precise nature and extent of nitrous oxide production and
cmissions from soils is limited. Significant uncertaintics exist regarding the agricultural practices. soil
propertics. climatic conditions. and biogenic processes that determine how much nitrogen various crops
absorb. how much remains in soils after fertilizer application. and in what way's that remaining nitrogen
cvolves into nitrous oxide cmissions. Amid these uncertaintics. the policy challenge for reducing
greenhouse gascs is to determine how to manipulate the nitrogen fertilizers and the time and manner in
which these fertilizers are applied in order to minimize nitrous oxide cmissions.

In addition to helping mitigate climate change. the policics that promote reduction of nitrous oxide
cmissions frequently support other state environmental and public health prioritics. For example. in many
cropping syvstems between 3% and 30% of the nitrogen applicd can escape soils through lecaching and water
runoff. in addition to producing nitrous oxide. This fugitive nitrogen often pollutes ground water and
surfacc watcr supplics. In this context. climate change mitigation policics aimed at reducing nitrogen losscs
to water coincide with many existing and proposed statc initiatives to usc fertilizers more cfficiently and to
rcduce fertilizer use in order to protect water quality. The lowa Agricultural Encrgy Management Initiative
(described in Chapter 7). which was developed from the lowa Consortium on Agriculture and Water
Quality. 1s an example of a program that addresses improvements in nitrogen fertilizer use to enhance
groundwater quality and save moncey in the agricultural scctor. and that also decreascs nitrous oxide
cmissions.

Technical approaches for reducing nitrous oxide cmissions from fertilizers include improving
nitrogen-usc cfficicney in fertilizer applications. Improvements mean reducing excess fertilizer application



by applving only the amount crops will use. and replacing industriallv-fixed nitrogen fertilizers with
renewable nitrogen source fertilizers.

5.10.1 Improve Nitrogen-Use Efficiency in Fertilizer Applications
DESCRIPTION

At many sites. more fertilizer is applied than can be cffectively used by crops.  Further. poor
fertilization timing or placement often Icads to additional nitrogen loss or unavailability to the plant. Onc
major rcason for the application of ¢xcess nitrogen in the ficlds is the lack of simple ficld testing for
nitrogen. Also. many farmers believe that some "excess” may be necessary to ensure peak production.
This is because precise crop needs are not always known. and weather and climatic conditions that affect
crop growth and nitrogen requirements arc unpredictable. For these reasons. many farmers apply
additional fertilizer to ¢nsurc crops have the nutrients they need.

Matching fertilizer formulation and application more precisely to the uptake needs and capacity of
crops can improve nitrogen-usc cfficiency. Thus. matching can reduce nitrous oxide cmissions by
decreasing overall fertilizer consumption and by minimizing the quantity of nitrogen left in soils or
sacrificed to water leaching and runoff. While the direct relationship between fertilizer application rates
and nitrous oxid¢ ¢cmissions is not well understood. current estimates suggest that better fertilization
practices could reduce nitrogen fertilizer use by as much as 20 percent with low risk of vicld penalty and
with possible input-cost savings to farmers. However. these estimates assume an ability to project ficld-by-
ficld and crop-byv-crop nitrogen needs that probably exceeds existing extension. testing. and management
capabilitics. This highlights the primary nced for further rescarch and institutional development in this
arca.

CONSIDERATIONS

Seven fertilization management approaches and three specific fertilizer technologics offer
opportunitics for cnhancing nitrogen-use cfficiency. Several mayv be integrated into altermative agricultural
svstems that incorporate lower fertilizer usage and also achicve energy savings by reducing the need for
plowing and other energy intensive practices.

Management approaches

o Improve fertilizer application rate. Matching fertilizer application with specific crop requirements
would reduce excess fertilization. thus producing immediate greenhouse gas reduction bencfits.
Typical fertilizer application rates vary depending upon crop tyvpe. soil conditions. fertilizer
pricing. and c¢nvironmental policics. Better record-keeping to asscss actual viclds on a ficld by
ficld basis can help to fine-tunce fertilizer rates that arc both cconomically and environmentally
sound. Soil testing. visual inspection. or plant tissuc testing could allow farmers to apply nutricnts
more closcly following crop requircments. rather than following broad guidclines that often
rccommend excessive fertilization. However. ¢fforts to provide adequate nutrition to crops may be
hindered by inadequate understanding and forecasting of factors that influcnee nutrient storage.
cveling. accessibility. uptake. and usc by crops during the growing scason.

o [mprove the frequency of soil testing. Regular soil testing (¢.g¢.. annual testing of all ficlds in
production) could decreasc fertilization use. Because this process can be expensive and time



consuming. farmers may test soil only every two to five vears. Regular soil testing to improve
nitrogen management would involve new tvpes of soil and tissuc testing. such as the pre-sidedress
(latc spring) soil tests being calibrated in most com belt states. Innovative technologics can assist
in improving this proccss. For example. in Kentucky an experimental soil testing and fertilization
applicator called the "Soil Doctor" tests soil nitrogen needs and automatically adjusts the fertilizer
application ratc accordingly. Whilc the initial capital output for a machine like this could be high.
it has been shown to decrcase application rates by as much as 41 pounds per acre. a potentially
significant savings to farmers.

e Improve timing of fertilizer application. Limited studics suggest that timing of application affccts
nitrous oxide cmissions. For ¢xamplc. on a broad scalc. cmissions from fertilizer applied in the fall
exceed those from fertilizer applied in the spring. With better understanding of these processes and
their implications for crop production. fertilizer timing could be adjusted to reduce greenhouse gas
cmissions.

e [mprove placement of fertilizer. Some surface placement and broadcasting of fertilizers results in
¢xcess or overlapping fertilizer application. Decep rather than surficial placement of fertilizers can
curb nitrogen loss. though this may not be compatible with no-till production practices. In these
practices. irrigation after fertilization could incorporate the fertilizer more deeply into the soil.

o Switch to fertilizer compounds with lower nitrogen content. Although nitrous oxide production
ratcs of diffcrent fertilizers in relation to their benefits for various crops are highly uncertain.
switching from fertilizers with high nitrogen content. especially anhvdrous ammonia. to fertilizers
with lower nitrogen content can reduce emissions. unless farmers increase fertilizer application to
maintain the previous nitrogen levels. Preliminany data on nitrogen content and nitrous oxide
cmissions for various fertilizers arc presented in the appendices to EPA's Phase 1 document. Stares
Workbook: Methodologics for Istimating Greenhouse Gas missions.

o Improve crop management for more complete nitrogen uptake. Crop management techniques can
supplement the improved fertilizer application techniques described above. For example. comn is
susceptible to high rates of soil crosion becausc it is a row crop. After the harvest of com.
substantial amounts of nitrogen generallv remain in the soil. The surplus nitrogen can be captured
by inter-cropping with a grain crop such as rve. which could then be plowed back into the soil.
More information on the usc of organic fertilizers is presented in section 3.10.2 below.

o (Conscrvation tillage. Altemative land tillage svstems. such as low-till. no-till. and ridge-till reduce
soil losscs and associated loss of nitrogen contained in the soil. Tillage practices also affect the

cfficicncy with which the fertilizer can be applicd and incorporated into the soil.

Technology approaches

e Use nitrification inhibitors. Nitrification and urcase inhibitors arc fertilizer additives that can
increase nitrogen-use cfficicncy by decreasing nitrogen loss through volatilization. Nitrification
inhibitors can increasc cfficicncy by around 30% in some situations.

o Use fertilizer coatings. Limiting or retarding fertilizer water solubility' through supergranulation
or by coating a fertilizer pellet with sulphur can double cfficieney. depending on the application.
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o Reduce nitrogen release rate in fertilizers. Techmques that limit fertilizer availability. such as
slow-rclcase or timed-release fertilizers. improve nitrogen-use cfficiency by relcasing nitrogen at
ratcs that approximate crop uptake. This reduces the amount of ¢xcess nitrogen available at any
given time for loss from the soil svstem. In addition. slow-rclease fertilizer can potentially decrease
the number of applications. resulting in an energy and cost savings.

POLICY OPTIONS

Farmers mayv pursue proven and familiar fertilization practices without understanding the negative
cnvironmental impact of excess nitrogen application or potential benefits of reducing commercial nitrogen
usc. Concurrently. scientific and technological uncertainty inhibits program development in this ficld. In
this scctor. policy options ar¢ generally oniented around these two barricrs to nitrous oxide emission
reduction.

The tvpes of policy options listed below can be combined and integrated in a varicty of ways to
control nitrous oxidc ecmissions. For ¢xample. cducational and agricultural support programs for farmers
in combination with financial or regulatory incentives applied to specific fertilizers may be an cffective
comprchensive mechanism for encouraging better nitrogen-usce cfficiency.

e Provide Information. Through cducational programs or farming and tcchnology demonstration
projects. states can communicate to farmers critical information on fertilizer use and farm
management practices. Farmers' lack of basic information on nitrogen processes in soils is
frequently cited as a major barrier to nitrous oxide reductions. Education programs can target
cfficient fertilizer usc. with particular attention to appropriate application ratcs based on realistic
vicld expectation. monitoring of nitrogen levels. and cffective application techniques. These
programs help address barriers posced by the "insurance value” to farmers of high fertilizer usc
levels. as well as by farmer habit and tradition. However. states should be cautious about
advocating farming techniques and fertilization practices that are surrounded by high levels of
scicntific uncertainty,

o Provide Institutional Support. The Extension Scrvice is an additional mcans of providing
adcquate and accessible technical capability for determining precise fertilizer needs by crop tyvpe.
soil characteristics. moisturc. weather. and other variables. For example. states could cncourage
the usc of the soil testing services provided through land grant colleges and extension services by
decreasing fees. increasing farmer awarencss of the programs. or increasing farmer awarencss of
fertilization cost savings associated with annual soil testing. Again. however. certainty regarding
farming practices to reduce greenhouse gas ecmissions and maintain crop productivity is limited at
the current time.

o Support Research and Development.  Little ficld rescarch is being conducted on nitrous oxide
cmissions from fertilizers in the United States. Many of the technological approaches presented
above have not been tested extensively. Rescarch in this arca is generally expensive because it is
labor- and/or cquipment-intensive.

e Provide linancial Incentives. Low pnces for fertilizers. cspecially in states where fertilizer
subsidics cxist. cause excess consumption and nitrogen application. States may be able to revise
fertilizer and crop subsidy structurcs to curb the usc of nitrogen-intensive fertilizers or the growth
of nitrogen-intensive crops. Similarly. state programs may levy taxes or other price increases to
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cncourage farmers to better monitor and reduce nitrogen application. A few states have also
imposcd fees on fertilizers to support rescarch and education programs. although these fees are not
intended to be nor arc they considered large enough to directly affect fertilizer demand.  This tvpe
of policy may conflict with some statc policy goals (such as support of the agricultural scctor).
while complementing others (like surface and ground water protection).

Regulate Fertilizer Use and Production. Regulating fertilizer application rates and practices is
difficult duc to the lack of substantial ¢vidence regarding the greenhouse gas benefits and to side
cffects on crop production. These uncertaintics could increase political sensitivitics surrounding
this issuc. In addition. difficultics surround widespread enforcement of the regulation at farm sitcs.
However. regulating nitrogen content in synthetic fertilizers may aid reduction of nitrogen
consumption. particularly if accompanicd by education and information programs for farmers.

5.10.2 Replace Industrially-Fixed Nitrogen Based Fertilizers with Renewable Nitrogen
Source Fertilizers

DESCRIPTION

Animal manures. as discussed in Scction 3.12. and leguminous crops are potential organic nitrogen

fertilizers. Traditional crop rotation. dual-cropping or intcr-cropping. for example. involves rotating lands
undcr cultivation with legumes (such as alfalfa and sovbeans) in order to store nitrogen in soils. as an
altcrnative to svnthetic fertilizer use. Current data suggest that direct nitrous oxide ¢missions from organic
process uscs may be as high or higher than from synthetic fertilizers. In an overall greenhouse gas context.
however. replacing industriallv-fixed nitrogen based fertilizers with renewable nitrogen source fertilizers
may' still help reduce comprehensive greenhouse gas cmissions in two way's:

D)

2)

Organic fertilizers can be used to replace svnthetic nitrogen fertilizers where both are currently
applicd. In current agricultural systems. farmers frequently' do not consider the nitrogen content of
the organic fertilizers they apply. In these situations. they add additional synthetic fertilizers.
resulting in excess levels of nitrogen in soils. Nitrous oxide reductions would occur if farmers took
full advantage of organic fertilizers and only used svnthetic fertilizers when needed as a
supplement. To adhere to this process. farmers must know and understand the nitrogen valuc of
the organic fertilizers. Benefits from this approach would accrue immediately upon reduction of
excessive nitrogen application in soils.

Using organic fertilizers can conserve significant amounts of energy that would have gone into
svnthetic fertilizer production. Aside from direct nitrous oxide cmissions. energy savings from
rcducing production of high-cnergy industriallv-fixed nitrogen bascd fertilizers will result in
decreased greenhouse gas emissions. The 1991 report of the Missouri Commission on Global
Climatc Change & Ozone Deplction suggested that it would be "prudent to usc livestock wastes as
fertilizer rather than incurring the costs of waste trcatment and using additional encrgy to produce
chemical fertilizers and causing greenhouse gas cmissions.” Quantification of nitrous oxide
cmissions from organic fertilizers per unit of nitrogen supplicd to the soil is required to make this
determination. as current cstimates of nitrous oxide cmissions from these sources cover a wide
range. The emission reduction bencfits from this type of program may be difficult to quantifyv. and
would not accruc until currently active syvnthetic fertilizer plants ccased production.

CONSIDERATIONS



The most likely renewable fertilizer for replacing svnthetic fertilizer is manure. This may cause
shortages of manure in arcas where manures arc productively applied to other uses. while it may help
alleviatc manure and waste management problems in other locations. Economical way's or incentives arc
nceded to distribute manure to arcas where it can be beneficially used. Such programs have sometimes
been discussed as manure brokering. arranging ¢xchanges among farms to transport the ¢xcess manurc to a
farm that can advantagcously and cconomically utilize it as a nutrient source. Similarly. in programs
where farmers may come to relv on organic fertilizer usc. it would be necessary to guarantee a constant and
dependablc fertilizer supply from the rencwable sources.

The scientific uncertainty regarding nitrogen uptake from renewable fertilizer sources also makes it
difficult to develop renewable fertilizer programs. Programs that both help farmers accurately asscss the
nceds of their crops and provide reliable information on the nitrogen replacement value of renewable
fertilizers scem most promising,.

Broad guidelines. based on the solids content and source of manure. have been designed in
Wisconsin and Michigan to determine the nitrogen. phosphorous. and potassium levels of manure. Using
these guidelines in experiments in Minnesota. manure has been shown to be a sufficient fertilizer for alfalfa.
Likewise. some dairv farmers in Georgia have used manure for several vears to produce both com and
wheat. In addition. experiments in Minncsota have demonstrated that the use of cither manure or
leguminous crops. in rotation and plowed under. can increase the drv matter content of the crops grown.
This could be advantageous to dairy and cattle farmers. because increases in drv matter content can
increasc feed efficiency.

POLICY OPTIONS

Potential policy mechanisms for promoting the use of renewable fertilizers are similar to those
presented in Scction 5.10.1 above. The same policy approaches. especially rescarch programs and farmer
cducation and cxtension services. could be crafted to encourage a switch from industrially based fertilizers
to organic oncs. For example. improved methods for determining the fertilization quality and the
application of manur¢ could be developed. Similarly. broad subsidy or tax programs. or regulation of
fertilizer production could provide additional incentives for rencwable fertilizer use.

5.11 EMISSIONS ASSOCIATED WITH FORESTED LANDS

Trees and other vegetation remove. or sequester. carbon dioxide from the atmosphere as they grow.
storing it as carbon in trunks. limbs. roots. and soil. Through this proccss. forests provide an important
terrestrial "sink" for carbon dioxide. Furthermore. wood products are relatively long-lived structures that
stor¢ carbon. which makes up about half the drv weight of wood. rather than allowing it to be relcased back
to the atmosphere. Forest-related land use changes can affect the concentration of greenhouse gasces in a
number of ways.

e [worest Clearing by Burning results in immediate emissions of CO» and other by-products of
combustion. such as CO. CHy. and N»O. While CO> will later be sequestered during regrowth.
cmissions of these other combustion by-products (which can include N»>O and mcthanc) represent a
nct increasce to the atmosphere.
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e [orest Regeneration will. over time. result in uptake of CO». The net impact of forest clearing on
cmissions depends on whether the forest regrows to its original level of biomass density (i.e.. the
quantity of biomass per unit of land arca).

e Conversion of I'orests to Other Land Uses can result in net emissions of CO» because land uscs
such as crops. pasturcs. or suburban development scquester and store less carbon than do forests.

e Mechanical I'orest Clearing changes the cmissions profile of CO» and other by-products of decay.
such as methane. The magnitude and timing of these emissions depend on the fate of the biomass
(¢.g.. whether it is Ieft on-site to decay or used for longer-lived wood products).

e Disturbance of l'orest Soils can Icad to CO» cmissions as organic matcrial in soils is oxidized.
Losscs of nitrogen. possibly in the form of N> O. are also thought to occur. Some data indicate
that conversion of forest land to other vegetative uses diminishes the capacity of soils to absorb
mcthanc. thus potentially increasing atmospheric methanc levels.

Approximately 39 pereent of timberland in the U.S. is owned by nonindustrial private forest
owners. 27 pereent is publicly owned. and 14 percent is owned by the forest industry (RPAA. 1990).
Much of the publicly owned forest land is controlled federally through the U.S. Forest Service (USFS). the
National Park Service. the Burcau of Land Management (BLM) and the Department of Defense. While the
ability of states to affect the usce of federal forest land may be limited. states can play a key role in affecting
the usc of both privately owned and state owned forests within their borders. Opportunitics for state action
described in this section are not mutually exclusive and frequently offer other significant benefits. such as
increascd timber productivity. reduced soil crosion. improved water quality. increased biodiversity.
improved fish and wildlife habitat. and recrcational opportunitics.

This scction presents five basic technical approaches to controlling cmissions of greenhousc gascs
associated with forested land. The first approach addresses maintaining the carbon storage capacity of
existing forested lands. The sccond addresses opportunitics for enhancing the long-term potential to
scquester carbon in existing forests through increases in productivity. The third and fourth suggest that
climatc change issucs be intcgrated into state stratcgics for firc management and pest control. respectively.
The final approach addresscs policics that affect the demand for forest products.

5.11.1 Maintain Carbon Storage Capacity of Existing Forests
DESCRIPTION

During the past 23 vears. the United States has maintained a relatively stable arca of forest land.
(EQ. 1993). If forests were being converted to other uscs with lower biomass densitics. there would be a
rcduction in carbon scquestration. since the carbon stored in vegetation and soil is greater for forested lands
than for altcmative land uscs (such as crops. pasturcs. or commercial and suburban development).
Therefore. maintaining existing forest and timberland can significantly contribute to stabilizing carbon
sinks.

* Two-thirds of the Nation's forcsts (490 million acres) arc classificd as timberlands. Timberlands arc defined as
forests capable of producing 20 cubic fcet per acre of industrial wood annually and not reserved from timber
harvest. An additional 36 million acres is reserved from harvesting and is managed as parks or wilderness. Total
forest land in the U.S. for 1992 was approximately 737 million acres. of which the USFS owned 19 percent. the
BLM 5 percent. other federal agencics 18 percent. and non-federal cntities 66 pereent.



State policv-makcers may be able to maintain cxisting forests to preserve forest carbon sinks by
e Slowing or stopping the conversion of forested lands to less-biomass densc. non-forest land uscs:

e Ensunng. for forest lands where timber harvests do occur. that replanting occurs to replace the
carbon scquestration potential of the harvested forest:™ and

e Ensuring. for extremelv carbon-densc forests (e.g.. some old growth forests) where replanting may
not offcr the same level of carbon-density. that harvesting does not occur and the land is preserved
as a sct-aside.

In addition. whilc there is considerable uncertainty about the net cffects of logging on long-term
soil carbon ¢missions. logging can causc soil crosion which may contaminate water supplics. disrupt
wildlifc habitat. and deplete acsthetic value of the forest. Because of these concems and the possible
climate change benefits. states may find it desirable to undertake policics to minimize soil ¢rosion in
cxisting forests.

CONSIDERATIONS

Whether maintaining a specific forest ultimately reduces net emissions of carbon depends on the
potential for change in its biomass density. Halting conversion of forests to non-forest land uses almost
certainly will provide significant bencfits because alternative land uses store considerably Iess carbon than
do forests.

It is important to remember. however. that if over the long run harvested lands are replanted or
allowed to regrow with trees of similar carbon content and to a similar biomass density. net cumulative
cmissions may be closc to zero. Determining the emissions reduction value of policics targeted at timber
harvesting on lands that remain dedicated to forestry therefore requires a casc-byv-case assessment.

The carbon benefits of maintaining cxisting forests will vany by region and specics. For example.
forests of the Pacific Coast states. comprised principally of Douglas fir. contain on average 102 tons of
carbon per acre. while forests of the South Central region of the country. primarily oak-hickory forests.
contain an average of 38 tons per acre (Birdsey. 1991). In addition. state policy-makers will need to
characterize the process of reforestation (cither natural or assisted) and assess whether new growth timber
will offer the same carbon sequestration capacity as the existing forest,

Halting all timber harvests in certain forests. such as old growth forests. may vicld carbon
reduction benefits because these forests tend to have greater biomass densitics and therefore store greater
amounts of carbon than do the vounger. sccondary. forests that may replace them. The effectiveness of
halting old growth timber harvesting in licu of converting old-growth to sccondary growth. in terms of
carbon storage potential is. however. subject to some debate (Harmon. ct al.. 1990). Further. the uscs for
harvested material may themselves provide a carbon pool. as in the case of long-lived wood products. such
as fumiturce or construction.

" Because of the potcntial to offsct carbon cmissions from any source. opportunitics to crcatc newly forested arcas
arc described in Chapter 6 as a cross-cutting policy option.



Statc policy-makers should also consider that the net change in the carbon pool over time depends
on the extent to which reduced harvests are offsct by increased harvests clsewhere. For example. even if
nct carbon dioxide cmissions from U.S. forest land may be reduced by harvesting restrictions. global
carbon dioxide emissions from logging mayv remain the same or perhaps cven increasc if the demand for
wood products docs not change. Policv-makers should carcfully weigh these issucs when evaluating
altcrnative policy options.

As noted above. cfforts to control soil crosion may vield multiple environmental benefits. Federal
water pollution control statutes have been a major impetus behind state cfforts to control timber harvesting
activitics ncar strcams. Statc controls range from voluntary compliance with guidclines developed as "best
management practices” to mandatory legal restrictions. For example. states may require that roads be
constructed away from strcam banks. that cross drainage be provided for roads with significant slope. that
crosion control bars bc installed throughout a site. and that roads or adjacent arcas be sceded after
harvesting. In addition. since clear cutting is associated with significantlv more soil crosion than sclective
harvesting. some states have restricted its usc.

Reduced timber harvesting. reforestation requirements. and forest management standards may
crcate unwanted cconomic impacts. Without a decrease in demand for forest products. harvest restrictions
may result in higher wood prices and lower levels of production. Given this potential consequence. states
in which forestry is a Icading industry arc unlikely to have the political support to significantly restrict
harvesting. though less costly forest management measurcs mayv find support. In addition. harvest
restrictions may reduce revenuges to state and local governments from Icase pavments and taxes on timber
production.

POLICY OPTIONS

o Support Research and Development. Statcs may support or conduct forest carbon life ¢yvele
analvsis to resolve the debate on carbon bencfits of forest sct-asides and on the change in carbon
scquestration capacity associated with harvesting and subscquent reforestation. Such studics could
be conducted on a regional basis. considering specics composition. and physiographic and climatic
features of the region. as well as cconomic issucs. where appropriate.

o Provide linancial Incentives. States can offer private owners of forest land incentives to keep
their lands out of production. to employ best management practices. or to ¢cncourage prompt ¢fforts
at reforestation.” In North Dakota. the Woodland Tax law provides tax relicf for landowners who
agree to prohibit clear cutting. grazing. burning. and destructive cutting on woodlands. Similarly.
the Statc of Missouri provides tax relicf to land owners who agree to maintain property as forest
cropland.

e Control Development. Some states have issued tradeable property allowances for privately
owned forest arcas that thev wish to preserve. For example. New Jersey has been successful in
capping development in the Pine Barrens through this tyvpe of svstem (Task. 1991). In addition.
statc and local governments may be able to usc their land usc planning authoritics to restrict the
conversion of forested lands to other land uscs. States could also establish a fund for forest land
purchasc and subscquent sct-asides.

* Chapter 6 provides additional information on options for ecncouraging the planting of trees.



o Promulgate Regulations. Statcs may limit the amount of timber that may be removed from a given
site. specify logging practices. or impose reforestation and best management requirements.  States
can do so cither with a permit svstem or as part of lcasc provisions for timber harvests on public
lands. Statcs could also require that Icast cost planning that incorporates cnvironmental benefits be
conducted for timber harvests on state lands.

e Monitor I'orests. Some statecs monitor private industry implementation of best management
practices. particularly at timber stands ncar strcams. Florida monitors these harvests by air.
targcting countics where foresters fail to use best management practices for increasced technical
assistance.

o Address Institutional Barriers. States should recognize that. in arcas where local cconomics are
heavily dependent on timber production. state and local policy-makers often exert significant
pressurc on ficld managers of federal forest lands to maintain harvests. perhaps at unsustainable
levels. States may wish to consider whether such pressures might undermine the goals of their
climate change policics.

5.11.2 Improve Productivity of Existing Forest Lands
DESCRIPTION

By increasing the productivity of forest specics. demand for forest products could be met with
fewer trees extracted. less carbon relcased to the atmosphere. and potentially: more carbon sequestered.
Management approaches that can be uscd to improve timber stand productivity and carbon scquestration
include: thinning trees to decrcase competition and stocking additional trees to achicve optimal forest
density. planting or replanting unstocked timberland. and enhancing planting sites by providing drainage
and/or adding fertilizer. The USFS estimates that if current commercial forests were fully stocked. their
nct annual growth could increase by about 635 pereent. These techniques have been extensively rescarched
and arc readily available.

In addition. the usc of improved sced stock from cross-breeding or genctic manipulation can
cnhance productivity. The USFS credits genctic improvements in sced stock. achicved primarily through
plant breeding and silvicultural techniques. with substantial increascs in annual tree growth in southern
conifers.

Wood utilization tcchnology is also being developed by the forest industry and the federal
government to meet the demand for wood products with low value. previously underutilized timber. Doing
so may mean that less wood residuc is left on the forest floor or discarded at the mill to decay.  The carbon
benefits denved from improved wood utilization depend upon the degree to which such utilization allows
for rcduced harvests of virgin timber.

CONSIDERATIONS

Scveral federal and state programs encourage improved forest management. The principal federal
programs arc the Cooperative Forestry Assistance Program and the Federal Incentives Program (FIP). The
Cooperative Forestry Assistance Act of 1978 authorizes federal financial and technical assistance to state
forestry agencics for nursery' production and tree improvement programs. reforestation and timber stand



improvement activitics on nonfedceral lands. protection and improvement of watersheds. and programs to
provide technical assistance to private landowners and others.

FIP authorizes cost-sharc pavments for reforestation and timber stand improvement. site
preparation for natural regencration. and fircbreak construction. FIP is jointly administered by the U.S.
Forest Service and the Agricultural Stabilization and Conscrvation Service within the U.S. Department of
Agriculturc. A number of statcs also have cost share programs similar to FIP. In addition. the Cooperative
Extension Scrvice has traditionally been the primary channel for disseminating new rescarch findings to
forestry professionals and landowners.

While public timberland is generally intensively managed. most nonindustrial timberland is not.
Various studics identifv a number of reasons why nonindustrial timberland owners may not manage their
forests for higher productivity. First. many landowners arc not aware of what can be done to improve
forest growth. Sccond. among those who arc aware of the opportunitics. many may be unwilling to
undcrtake projects with a long payback period or relatively modest rates of return. Third. many lack the
up-front capital nceded to invest in a crop that. although profitable. may not gencerate income for 10 to 135
vears. Additionally. landowners may resist investing in improving their forested land because of the low
financial liquidity of voung stands and an inability to usc future forest valucs as collateral. Last. some
landowners usc their timberland for other purposes. such as recreation. which do not require high
productivity.

Not all timber stand improvement practices support the goal of reducing greenhouse gas emissions
or other environmental goals. For example. increased use of nitrogen-based fertilizer in forests could
increase direct cmissions of nitrous oxide (a greenhousc gas). causce ground and surface water
contamination from its application. producc carbon dioxide cmissions from its manufacture. and lcad to soil
mcthance emissions. by slowing the activity of methane consuming bactcria acting at the soil surface.
Intensive management disturbs forest soil which may increase soil crosion and thus reducce water quality.
Also. methods such as stand thinning cxposc the forest floor to more light. increasing soil surface
temperature and accelerating decomposition which liberates carbon.

In contrast to timber stand improvement techniques. some sced stock improvement techniques are
currently unavailable for widespread use. For example. while cross-breeding is widely used. genctic
manipulation for trec improvement is still in its infancy. Like certain stand improvement techniques. some
uses of gencetically improved sced stock mayv also work against the goal of increasing carbon scquestration
and storage. Monoculture plantings. for cxample. lack biodiversity and may be more susceptible to factors.
such as pestilence and discase. that reduce forest health and long term carbon storage potential.

POLICY OPTIONS

o Provide Information and Technical Assistance. States may disseminate information on the
multiple benefits of improved productivity in conjunction with the Cooperative Extension Scrvice.
State foresters could act as the clecannghousc for new developments in timber stand and tree
improvement techniques or provide direct technical assistance to private landowners on how to
managge their forests to achicve a varicty of objectives. Presently. some states have initiated forest
management and sced stock improvement demonstration projects.
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o Support Research and Development. States could support rescarch laboratories for rescarch and
development in stand improvement techniques. tree breeding techniques. and sced stock. that would
be particularly appropriate for use in the state and private forests within their jurisdictions.

o Provide linancial Incentives. States could also provide tax incentives to private landowners and
forest industry to improve productivity through timber stocking or other methods. Direct
pavments. tax incentives. and loans could be used to provide encouragement to nonindustrial
owners of private timberlands to improve forest management and breeding techniques. or to
cncourage the testing and usc of new sced stock. Some states may be able to implement cost-
sharing programs modcled after FIP.

5.11.3 Integrate Climate Change Concerns into Fire Management Policies

DESCRIPTION

Carbon storcd in biomass is rclecased upon combustion during forest fire. Soil carbon is liberated
both during and after fire disturbance. Some of the forest carbon lost is recaptured during the rapid
rcgeneration of plants following wildfirc. However. the direct and post-fire soil carbon ¢missions from
wildfire arc thought to outweigh the carbon scquestered by regrowth. Wildfire bumed more than 3 million
acres of U.S. forest land in 1990: fortv-five pereent of this land was state and privatelv-owned forests
(USDA. 1992).

A statc's firc management strategy is likely to address multiple concemns in addition to the potential
for carbon ¢missions. Such concems include protection of life and property. conscrvation of valuable
timber. prescervation of specics habitat. air quality issucs. and maintenance of recreational arcas. as well as
a countervailing concem that wildfire can scrve an important ccological benefit by clearing the land of dead
and discascd vegetation and allowing opportunitics for new growth. Because of the significance and
importance of these other considerations. it 1s suggested here only that the impact of forest fircs on climate
change be considered when developing state fire management policics.

CONSIDERATIONS

Two principal firc management strategics can be employved to reduce carbon emissions from fire.
including;

e Active fire suppression -- which halts direct carbon cmissions. Some rescarch. however. suggests
that firc suppression results in an accumulation of dead and dyving timber on the forest floor and a
grcater fire risk. Firc management by suppression may also affect specics composition.
particularly of fir¢ adapted forest communitics.

o Controlled or "prescribed” burning -- which contributcs to dircct carbon ¢missions in the short
term. but reduces fucl accumulated on the forest floor and may prevent or lessen the extent and
intensity of future wildfircs. Prescribed burning also fosters goals to improve wildlife habitat. and
cradicate forest discasc and pests.

More rescarch on firc management is required to determine which strategy or combination of
stratcgics is best for minimizing carbon emissions over the long term. Some consideration must be given to
the fact that fircs. in addition to liberating carbon. also liberate particulates and other air pollutants. Statcs



may want to consider the climate. physiography. forest specics composition. and air quality within their
Jurisdictions to asscss the optimal firc management strategy .

POLICY OPTIONS

o Support Research and Development. States could undertake studics of fire pattems in forests in
their jurisdictions to asscss stratcgics for optimizing carbon storage in coordination with other
forest management goals.

o nter-Agency Cooperation. State policv-makers responsible for climate change issucs may work
with fire officials to cnsure that climate change issucs are reflected in fire management decisions.

5.11.4 Integrate Climate Change Concerns into Pest Management Policies
DESCRIPTION

Forest insccts and discases attack tree foliage. bark. and woody biomass. ¢ventually killing trecs.
Downed trees are decomposed by microorganisms and in the process biomass carbon is eventually retumed
to the atmosphere as cither carbon dioxide or methane. Becausce of the threat to valuable timber and to
agricultural opcrations. virtually all states alrcady have some form of pest management program. Because
minimizing the impact of pests and discascs on existing forest land helps enhance carbon storage potential
as well as reduce emissions from biomass decay. it may prove uscful to integrate climate change concerns
into pest management policics.

CONSIDERATIONS

Scveral methods can be used to check the development or spread of forest pests and discase.
Prescribed fire. chemical controls. biological controls. and salvage clearing have all been used successfully
in forest ccosystems. Although they contribute to reducing forest losses. cach of these controls may have
long term impacts on the integrity of the ccosvstem. For some infestations. nonc of these control methods is
successful. More rescarch is required to find appropriate control methods for unmanaggable forest pests
and discasc.

The Forest Health Monitoring Program. jointly administered by the USFS. the Burcau of Land
Management. and EPA. providcs assistance to statc foresters in monitoring discasc and inscct infestation in
statc forcsts. In addition. most statcs routingly monitor forest health and provide assistance to private
landowners and state land managers for the control of pests. such as training on tree health and on the
cffects of environmental stress on trecs.

POLICY OPTIONS
Pest management policics must be tailored to the specific specics composition. climatic. and
geographic conditions of the forest in which they are implemented.  Policy options in this arca include the

following;:

e Provide Information. Many states work jointly with the Cooperative Extension Service to provide
information to private landowncers on methods to prevent and reduce forest pestilence and discase.
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In addition. forest health demonstration projects may be sponsored by some states. States may also
supply pest and discasc resistant seed stock to landowners.

o Provide Iinancial Incentives. Statcs mayv help develop a market for timber salvaged from private
forests and provide incentives for monitoring pest incidence and downed timber on forest lands.

5.11.5 Institute Policies to Affect Demand for Forest Products

States may be able to reduce emissions associated with forested lands by pursuing policics that do
not dircctly affect forest land but that instcad focus on the demand for forest products. This scction
addresses three options for implementing this approach. The first addresses opportunitics to improve the
cfficicncy of wood buming to reduce the demand for fuclwood. The sccond focusces on policics to
cncourage the use of long lived durable wood products. The third addresses recveling of paper products to
reduce demand for timber.

Improve Wood Burning Lfficicncy
DESCRIPTION AND CONSIDERATIONS

Wood can be used as a direct source of heat for homes and small buildings or as a source of
clectric power. In addition to producing carbon dioxide. wood combustion produces particulates. nitrous
oxides. sulfur dioxide. and carbon monoxide. Improvements in wood combustion ¢fficicney can reduce
fuclwood consumption and decrease carbon dioxide emissions. cmissions of other pollutants. and ash
accumulation. For large scale wood combustion facilitics. emissions of non-carbon pollutants can be
mitigated by a combination of improved combustion cfficicney and air pollution control devices.

POLICY OPTIONS

Statcs can employ several policics to encourage more cfficient wood buming. Thesce include the
following;:

e Provide Information and Lducation. States may educate residents and businesscs on technologics
availablc to increasc wood combustion cfficicney.

o Support Research and Development. New technologics. such as high cfficicney wood stoves for
home heating. combust fuclwood more completely and reduce fuchvood consumption relative to
less cfficient wood stoves. States can support the development of wood combustion cfficicncy
tcchnology for both residential and commereial uscrs of fuclwood.

o Promulgate Regulations. Statcs may cstablish technology-based standards for wood buming
stoves. Altematively. states mav restrict fuel consumption or limit allowable pollutant cmissions in
order to control greenhouse gas emissions from wood buming and to encourage improvements in
wood buming tecchnology. For example. for large scale wood combustion facilitics that produce
morc than | million Btu per hour. New York State requires air permits that limit the allowable
cmissions for cach pollutant. including carbon dioxide.



Incourage the Use of Durable Wood Products
DESCRIPTION

The potential for forests and forest products to absorb and storc carbon dioxide can be expanded
by increasing the usc of timber products as construction materials. furniture. and other durable wood
products. which continuc to storc the wood carbon after harvest. Carbon contained in wood products may
remain for scveral decades before returning to the atmosphere through decomposition or buming. Some
rescarch indicates that the average life and. therefore. duration of carbon storage for certain wood
construction materials is approximately 70 vears (Row and Phelps. 1991). Particularly if the timber
harvest used for these products comes from afforested or reforested lands. rather than depleting existing
stands. the aggregate carbon pool may be expanded. Switching from non-rencwable construction products
-- many of which arc energy intensive in their production. such as steel -- can also reduce carbon dioxide
cmissions by reducing energy consumption.,

CONSIDERATIONS

Timber is used for a varicty of products. including lumber. structural and non-structural pancls.
pulpwood. silvichemicals. fuclwood. and other miscellancous industrial products. such as poles and piling.
posts. and minc timber. A large portion of the total timber harvest. about 38 pereent. is used to produce
lumber. and 27 percent is used in pulp (including paper) products. U.S. consumption of timber has
increascd stcadily over the past three decades. from about 12 billion cubic fect in the carly 1950s to 20
billion cubic feet in 1988,

Because the trees that are planted may eventually be harvested and release their stored carbon.
timber end-use can be an important component in increasing long-term sequestration. Wood end-uscs that
ar¢ most rclevant to long term carbon storage include new residential and commercial building materials.
materials for building repair and remodelling. and material for fumiture. cabincts. and fixtures. Increased
usc of these durable wood products can offsct carbon emissions both by promoting a sink for carbon and
by substituting timber for cnergy intensive construction matcrials.

The use of durable wood products can be expanded in several ways:

e By encouraging longer tree rotations. which vield timber that can more casily be converted into
durable wood products:

e By encouraging the demand for durable wood products. through price or other incentives: and
e By encouraging the supply of durable wood products directly .

Because wood cannot be substituted for non-wood products used in construction on a onc-for-onc
basis. fcasibility' constraints may reduce achicvable carbon savings or limit the applicability of
substitutions. In addition. statc policv-makers nced to take a broad view of the potential costs and bencfits
of cfforts to cncourage the usc of durable wood products. Keyv considerations include: regrowth of the
forest's original biomass density: the energy related emissions associated with harvesting. transporting. and
using the wood product: and the cmissions associated with production and use of the non-wood product
being replaced.
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POLICY OPTIONS

Scveral policy options are available to encourage cither the supply of or the demand for durable
wood products.

o Provide Information. States can ¢ncourage the production and use of durable wood products by
disscminating information on the carbon bencefits of their use. or by assisting local governments in
cxamining altemative specifications for building codes.

o Support Research and Development.  States can support rescarch to develop wood-utilization
tcchnologics or forestry methods that reduce the cost of producing timber for durable products.
States can also study the extent to which wood can be substituted for non-wood products. with an
c¢mphasis on its cost and technical feasibility and on the associated change in total greenhouse gas
cmissions.

e Provide Appropriate Iinancial Incentives. Financial incentives promote both the supply and the
demand for durable wood products. Potential incentives include tax credits for the production
and/or usc of durable wood products. cnergy or carbon taxces to raise the relative price of energy-
intcnsive construction materials. and timber subsidics to ¢ncourage longer harvest rotation periods.

Lncourage Paper Recyveling and Recyeled Paper Use

By replacing virgin fiber sources with wastepaper. reeyvcling has the potential to reduce net carbon
cmissions by reducing levels of timber harvesting.  Ultimately. the amount of carbon that can be
scquestered depends critically on the effects recyveling has on both planting and harvest decisions and. thus.
on timber inventorics as a whole. Because paper and paperboard products currently account for 32 percent
of the municipal solid wastc strcam and contribute to methane formation. recyeling may relieve some of the
pressures of solid waste disposal on landfill space (U.S. EPA. 1993a). Policy options for cncouraging
recveling are presented in full detail in Scction 3.6.

5.12 GREENHOUSE GASES FROM BURNING OF AGRICULTURAL WASTES

Large quantitics of agricultural crop wastcs (such as straw. stubblc. lcaves. husks. and vines) are
produccd from farming svstems. In preparation for cach cropping cycle. this waste must be climinated.
This is most often donc through open ficld buming. which increascs the ficld's production capacity by
rclcasing nutrients into the soil. climinating troublecsome weeds and discases. and removing dead matcrial
which may block sunlight or impede crop growth. The buming of agricultural crop wastes. however. also
results in significant cmissions of CHy. CO. NOy. and NO.” Emissions reductions from this source can
be achicved through the disposal of agricultural waste through alternatives to buming.

Previous concern over agricultural waste burning has focused primarily on ¢missions of particulate
mattcr rather than greenhouse gases. To control particulate cmissions as regulated under the Clean Air Act
(CAA). some states have instituted smoke management programs. These programs are gencerally
administcred by state health. cnvironmental. or air quality agencics. or a consortium of agencics.

* Burning of crop residucs is not thought to be a nct source of carbon dioxide (CO5) because the carbon relcased to
the atmosphere during burning is rcabsorbed during the next growing scason.
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Because agricultural crop waste burning is uncommon in many parts of the U.S.. little federal
action has been taken in this arca. Under the CAA. biomass buming is regulated to the extent that it affects
air quality standards. Bevond that. reducing the buming of residues has primarily been a state concemn.
Recently some arcas have sct limits on the buming of agricultural crop wastes. particularly in the Pacific
Northwest. For example. Oregon has passed legislation to gradually phasc-down the buming of
agrcultural residucs until 1998, at which time the maximum number of acres which can be burnt will be
sct at 40.000 (an 80 percent reduction from current levels) (Oregon. 1990).

The viability of any buming altecmative depends on several factors. including: 1) its ability to mect
the same objectives that prescribed burning accomplishes. 2) cconomic competitiveness with prescribed
burning. and 3) technical feasibility. Options available for reducing cmissions in this arca include plowing
residues back into the soil. removing crop residucs for other uscs. using altemative buming techniques. and
replacing with altemative crops.

5.12.1 Plow Residue Back Into Soil

DESCRIPTION

Onc option for rcturning nutrients to the soil without burning is plowing the agricultural wastcs
back into the ficld. For ¢xample. plowing com husks back into the ficld will ¢nhance soil quality. which is
onc of the pnmarv objectives of open ficld buming. This method is limited. however. because many crops
arc perennial. Such crops. like rve grass. will continue to live and produce over several scasons and
therefore cannot be plowed for several vears. An altemative is slot-mulching. where slots are carved
throughout the ficld and farmers incorporate as much residue as possible into these slots.

CONSIDERATIONS

The potential for the incorporation of crop residucs into the soil as a buming altemative is limited
primarily by cconomics. lack of adcquate pest and discasc control. and decomposition rate. The relative
importance of these factors varies with crop tvpe and geographic location. For example. California straw
is not rcadily degradable. whercas rice straw in the southem nice belt rapidly decomposes. Straw
decomposition rates can vary even among soil scrics within individual states. In genceral. high straw vields.
densce clay soils. and wet environments arc not conducive to straw decomposition. Improvements in straw
choppers can help overcome such adverse conditions.

Another potential problem with soil incorporation is pest. discase. and weed control. Soil
incorporation of weed sceds increases the need for weed control treatments. and can jeopardize product
quality in the marketplace. In cases where stem rot discase is a problem. continued plowing under often
results in substantial vicld reductions (U.S. EPA. 1992b).

POLICY OPTIONS

o Support Research and Development. Additional ficld rescarch on the bencfits of crop residuc soll
incorporation is nceded before widespread aceeptance can be expected.

o Provide Information. Statcs can disseminate more information describing the soil benefits

achicved with this practice. cffective use. and optimal situations. In doing so states may use
re¢sources such as USDA's Soil Conscrvation Scrvice and the Cooperative Extension Service.
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e Provide linancial Incentives. States could also implement a fee structure to encourage the use of
cmissions reduction techniques and alteratives to buming. For example. states may establish the
use of registration fees ($/acre bumed) or cmissions fees ($/ton cmitted).

o [stablish Legal Limits. States can also limit the amount of acres burned through legislation. For
cxample. Oregon currently sets the maximum acreage that can be bumed at 250.000 acres per vear
(U.S. EPA. 1992b). In addition. a statc may ¢lect to restrict the time of vear when buming can be
conducted or prohibit certain tvpes of buming during historical scasons of nonattainment (with
respect to particulate cmissions). Washington and Idaho are additional cxamplcs of statcs that
have set restrictions on burning. specifving when residucs can be buned as a function of
mctcorological conditions and other constraining factors. Specifving the time when residucs can be
bumed will reduce emissions only when such restrictions reduce the quantity of the residucs
bumed. Greenhouse gas emissions occur regardless of the time the residues are buned.

5.12.2 Remove Crop Residues and Develop Alternative Uses
DESCRIPTION

Historically. it has been difficult for grass straw to compete in existing markets as a raw matcerial
resource. Low bulk density of the straw (which requires costly densification). high transportation costs.
uncertainty of long-term supply. and low volume of supply in fiber markets have usually made straw non-
competitive with other raw materials. particularly wood wastes (U.S. EPA. 1992b).

The potential uscfulness of agricultural waste includes not only composting prior to rcapplication
to the soil but other uses such as altemative (biomass) fucls or building matcrials. Such applications
require the mechanical removal of residues from the ficld. While compliance with some commodity
support programs may prohibit this removal. if no conflicts or restrictions exist the crop residucs can be
uscd and marketed in a varicty of ways.

Composting. Composting involves gathering agricultural wastes and sctting them aside to decompose.
Residue collection methods with this application include raking. residuce flail-chopping. and vacuuming into
sacks with soil and nitrogen sources such as chicken manure. and crew-cutting.  After the waste has
decomposed. the decaved matenal can either be marketed or returned to the soil as fertilizer.

Supplemental I'eed Market. Agricultural crop wastes such as grass straw can be collected and sold in a
supplemental feced market. The straw must be gathered. baled. stored. and compressed so that it can be
shipped on order. This practice is currently onc of Oregon's primary alteratives to buming.
Approximately 130.000 - 250.00 tons of straw arc shipped to Japan cach vear (Britton. 1992). Untreated
straw makes for poor quality livestock feed because of low protein and high fiber content. With
appropriatc treatment (¢.g.. ammoniation). the digestibility and palatability of straw can be increascd
substantially. making straw a potential component of maintenance dicts for ruminant livestock.

Alternative Iuel Source. Agricultural residucs can be used as an altenative (biomass) fuel source for
cooking. spacc heating. drving of agricultural products. and the production of power by stcam ¢ngings or
Stirling motors (Strchler and Stitzle. 1987). Spccific applications include burning the residucs in furnaces
to generate heat for drving units or for space heating at home. There is tremendous potential for improving
the end-use cfficiency in such encrgy conversion processes (Lashof and Tirpak. 1990). Biomass fucls can



also be¢ used to produce motive power or clectrcity by using a stcam enging. a Stirling motor. or a gasificr.
Gasificers can convert agricultural residues from solid fucl into gasificd fucl. They have been used to
provide clectricity and to power tractors and irrigation pumps. In all of these applications it is important to
usc biomass with a relatively low moisture content: otherwisc. the energy loss duc to water vaporization
will be too high.

Paper and wood product substitution. Agncultural residucs can also be uscd for non-cnergy purposcs.
For example. residucs can be gathered for fiber or building materials. Weverhauscer. a paper and lumber
company. is investigating the possibility of using agricultural residucs as filler in particle boards.

CONSIDERATIONS

Composting can be relatively time-consuming compared to buming. The level of effort necessary
for a productive program depends on several factors. including decomposition rates and weather and
moisturc conditions. Also. the process of large-scale composting is not fully understood or refined. The
Agricultural Rescarch Service (ARS) in Corvallis. Orcgon. is rescarching the cffectiveness of low-input
composting and idcal composting procedurcs. The USDA/ARS in Beltsville has had a successful rescarch
program in large-scalc composting and developed the Beltsville Acrated Rapid Composting (BARC)
mcthod. currently in use at the WSSC Calverton Composting Facility,

Marketing straw in the United States may be more difficult than in foreign markets duc to the
crratic and competitive nature of U.S. markets. For example. supplemental feed markets may only be a
profitablc option if a drought occurs with a significant impact on crop viclds. forcing the price of feed and
othcer agricultural products to risc. Furthcrmore. any physical and chemical treatments to cnhance the
quality of the straw will increasc the cost of this alternative. Finally. because Japan can obtain straw from
othcr countrics such as Australia or Argentina. it may not prove to be a reliable customer for U.S. sources.

Combustion for heat generation may be the most appropriate means of replacing fucl oil with
residucs. because much less investment is necessany compared to replacing fuel oil in power gencration.
Also. the total maximum cfficiency of the power produced by means of a turbine or stcam cnging is
approximately 13 pereent. even though the combustion of biomass can be accomplished with high
cfficiency (Strehler and Stitzle. 1987). The disadvantages of gasificrs include a high particulate and tar
content of the gas. Furthcrmore. current gasificr designs do not accept all tvpes of crop residues.™ Finally.
aftcr biomass bums. a silicatc remains. creating a sludge problem that inhibits acceptance of residucs as an
alternative fuel.

Using agricultural residucs to manufacture paper products is a possible altcrnative. Traditionally.
paper products arc manufactured using wood chips. which arc cheap and readily available. However.
wood chips do not require storage from rainy weather and replacing them with agricultural residucs may
require major retooling in the wood fiber industry. Despite this. however. grass straw is becoming a more
cconomically attractive altemative to using hardwoods. The reason for this is the projected shortage of
hardwoods in the near future and the fact that straw fibers from grass sceds are very similar in structure to
hardwoods.

POLICY OPTIONS

* For a more complcte technical discussion of agricultural residucs as an alternative fuel sourcc. sec Strehler and
Stitzle. 1987).
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Currently. significant scientific uncertainty inhibits development of programs in this ficld.
Therefore. rescarch and development projects which support alternative uses for agricultural residues could
prove extremely beneficial. States could encourage alternative uscs for crop residucs by designing policics
compatible with thosc mentioned in Scction 5.12.1 and Scction 3.2, which address the advantages of using
biofucls and renewable encrgy sources for energy production. including co-gencration and direct
combustion.

e Provide Information. Information disscmination campaigns may be an cffective wayv to encourage
alternative uscs for crop residucs. Given information on these altematives. farmers may be
convinced to participate in voluntary ¢cmissions reduction programs to reduce smoke and
particulate cmissions as well as greenhouse gascs. Though information is available on composting.
most farmers have little experience with this practice. States can disseminate information
describing the potential soil benefits associated with this option. the manner in which it can be
implemented. and conditions under which it works best. The Cooperative Extension Service is an
appropniate state vchicle for this.

o Support Research and Development. ldcal composting mcthods need to be identificd and a better
undcrstanding of large-scale composting achicved. before widespread adoption can be expected. In
addition. statcs can fund projccts that investigate the viability of alternative uses for crop residucs.
For example. states can provide funding to support rescarch into wood product substitution for
grass straw. To datc. a number of studics have indicated the great potential that biomass fucls
have as an alternative fuel source. This issuc needs to be examined further.

5.12.3 Use Alternative Burning Techniques
DESCRIPTION

A numbecr of altcrnatives that still involve bumning can also reduce emissions.  This can be
accomplished. for example. cither by creating a hotter. more controlled burn that combusts crop residucs
more thoroughly. or by reducing the frequency of buming in conjunction with mechanical crop removal
tcchniques. Technologics and methodologies to achicve these objectives include:

o Mobile Field Sanitizer. This 1s a machine designed to burn agricultural residues in place. It
serves as a method of both straw removal and ficld sanitation. While ficld tests have shown that
sanitizers can reduce carbon monoxide and hvdrocarbon emissions. their applicability appears
limited. Technical and cconomic cvaluations of ficld sanitizers have found problems with high
opcrating costs. durability. mancuverability. encrgy usc. and operating speed. Based on these
studics. many states have discontinued rescarch and development of mobile ficld sanitizers.
although there has been some success with their private development.”

e Propane Ilaming. Propanc flamers consist of a propanc tank and a scrics of nozzles. The
propanc is released. ignited. and directed at ground level. Because straw residuc must be removed
first for this mcthod to be cffective. this technique is tvpically used with other disposal methods
such as bale/stack buming (described below). While these practices are thought to bring about a
slight reduction in emissions when used together. they are much more time consuming than open

" For example. an Orcgon farmer currently uscs a privately-developed mobile ficld sanitizer. Duc to the high
valuc of this farmer's crop. it was cconomical to develop and maintain the sanitizer (U.S. EPA. 1992b). The high
costs associated with development frequently prevent other farmers from pursuing this option.
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ficld buming. If most of the straw residuc is removed prior to flaming. this technique should not
result in major sced vield losscs.

e Bale Stack Burning. Balc¢/stack bumning. the collection of crop residues into bales or stacks to
facilitate controlled buming. is a companion practice to propanc flaming (which requires straw
rcmoval). Some growers have turned to bale/stack burning to dispose of unmarkctable crop
residucs. As mentioned above. this practice results in slight reductions in emissions. but is more
time consuming than open ficld buming.

o [less-Than-Annual Burning. This involves altemating open ficld buming with various methods of
mechanical removal techniques. The periods may involve buming every sccond or third vear.

CONSIDERATIONS

There are a number of uncertaintics that limit the applicability of some alternative buming
techniques. For example. mobile ficld sanitizers have not been fully developed and have proven successful
only in isolated cascs. The technical problems associated with ficld sanitizers mentioned above need to be
addressed before widespread aceeptance of this option can be expected.  Similarly. improvements in
tcchniques like propanc flaming may be required to make it an attractive altermative. For example. studics
have shown that because of the temperature and duration of propanc flaming. many of the weed seeds are
not destroved. ultimately resulting in increasced weed infestation (U.S. EPA. 1992b). Morcover. the fossil
energy inputs required for these techniques emit greenhouse gasces. so the net cffect on emissions is not
clcar. These problems will need to be addressed in order to facilitate acceptance of these alternatives.

POLICY OPTIONS

States could ¢ncourage altermative buming techniques for crop residues by designing policics
compatiblc with thosc mentioned in Scction 3.12.1. Specifically. statcs may wish to focus on rescarch and
development cfforts or demonstration projects to climinate some of the problems and unccertaintics
discusscd above.

5.12.4 Replace with Alternative Crops
DESCRIPTION

Crops whose residues are tyvpically bumed can be replaced with crops that potentially grow and
thrive under a system of non-buming. such as meadowfoam. rapesced. and Pyrethrum. Switching crops in
this way is highly dependent on cconomic. agronomic. institutional. and other factors. This is an arca of
current rescarch and relatively high uncertainty regarding net impact on greenhouse gas cmissions.

CONSIDERATIONS

Whcther this altemative is feasible depends on its ability to compete cconomically and its
agronomic capabilitics compared with cxisting crops. Limited potential for major crop shifts exist where
crop pattems have developed in accordance with agronomic conditions and market demands.

Rescarch in Oregon has shown that alternative crops with the best agronomic viability have not
been economically competitive with perennial grass sced production in the Willamette Valley. In



Califomia. rice farmers have been reluctant to stop farming rice because the high clay soils arc unsuitable
for growing other crops (U.S. EPA. 1992b). Further rescarch may determine whether there are crop
specics that thrive without open ficld burning and that approach production Ievels of ¢xisting crops.

POLICY OPTIONS

o Support Research and Development. Rescarch programs are necessary to determine cconomically
feasible substitutes for crops whosc residucs are tyvpically burned. The USDA/ARS and CSRS
support rescarch into new crops. Much of the current rescarch on the use of altemative crops has
taken place in Orcgon. The results of this tvpe of rescarch are often specific to a state and/or
region.



CHAPTER 6
CROSS-CUTTING THEMES AND PROGRAM DEVELOPMENT

This chapter introduces potential organizing principles for policy development that span the
various greenhouse gas source catcgorics examined in Chapter 3. The approaches presented here offer
some of the most significant opportunitics for large-scale cmission reductions. and may serve as focal
points for coordinating long-tcrm. comprchensive planning for reducing ecmissions.

Programs that affcct various source catcgorics usually focus on cither one ¢cconomic scctor. one
particular tvpc of policy. or a more specific substantive goal. For example. a program may targcet the
cnergy or the agricultural scctor. or may target municipal solid waste. Alternatively. a program may
cstablish an energy or carbon tax that affects various sectors. Finallv. a program may focus on a
substantivc issuc such as biomass cnergy development or public cducation.,

While the specific cross-cutting options presented here offer potential for large emission
rcductions. policy-makers may want to develop other sectoral or substantive focal points that match their
local circumstances. Programs in cach region of the country should certainly respond to local needs and
make full usc of local resources such as available wind. solar power. or other renewable energy sources.
Customized programs that cut across source catcgorics arc cspecially promising in arcas dominated by one
tvpe of cconomic activity such as agriculture. forestry. or coal mining. In these arcas. comprehensive
programs can foster diverse policics that support cach other even though they address different greenhouse
gas sourccs. For example. comprehensive agricultural programs can simultancously utilize methane from
wastc products for on-sit¢ power production. increasc encrgy cfficiency. and reduce transportation
cmissions stemming from waste disposal.

This chaptcr discusses six specific cross-cutting topics:. (1) cnergy conscrvation. renewable
cnergy. and carbon offscts in the clectrnicity sector. (2) municipal solid wastc management. (3) biomass
bascd energy development. (4) carbon scquestration through forestry. (3) city and regional planning. and
(6) agncultural scctor planning. This information is me¢ant to provide background for policy: development
across greenhousc gas source categorics by introducing these concepts and referring policy-makers to
rclated and more specific information in Chapter 3. In most circumstances the information presented here
is not as detailed as in Chapter 5. For morce information on the linkage between these two chapters. sce the
introduction in Part Il of th¢ document.

6.1 ENERGY CONSERVATION, RENEWABLE ENERGY, AND CARBON OFFSETS IN
THE ELECTRICITY SECTOR

The recent trend toward deregulation of ¢lectricity generation is transforming the U.S. clectricity
scctor. Electricity production previously involved only utilitics constructing and operating power plants.
However. the trend now is for utilitics to competce with other firms in generating clectricity. with utilitics
maintaining their historical role in transmission and distribution of clectricity.

This scction ¢xaminges how states can promote greenhousce gas reductions within the context of
clectricity deregulation. It provides a background for the specific technical approaches and policy options



presented in Scctions 3.1 and 5.2. While separated here for clarity. these three sections supplement cach
other and should be considered together during policy analysis and development.

The remainder of this scction summarizes five approaches states might cither initiate directly or
utiliz¢ for guidance.

Lnsure Infrastructure Access for Small Power Producers. and Promote Purchase of = Green Power ™

Onc potential environmental benefit of clectricity deregulation is the opportunity for clectricity
consumcrs to choosc to purchase power from gencrators using low-carbon fucl (i.¢.. natural gas) or no-
carbon renewable fucls. For consumers to have this option. generators using low-carbon and no-carbon
fucls must be able to connect to the clectric utility grid. so that theyv may provide clectricity over the
utility’s transmission and distribution syvstem.

In the past. two factors have inhibited non-utility power producers from entering the clectricity
market. First. these producers face high costs in linking or "intcrconnecting” to power transmission and
distribution nctworks. In addition. although the Public Utilitics Regulatory' Policy Act requires utilitics to
providc intcrconnections on nondiscriminatory terms and at just and rcasonable rates. in practice. many
non-utilitv power producers have encountered substantial resistance from clectric utilitics. Bevond the
basic intcrconnection issuc. non-utilityv power producers historically have had difficulty sclling power
dircctly to consumers (rather than to a utility as a middleman). State options to address these issucs include
increascd scrutiny of utility intcrconnection and back-up pricing practices to ensure that they are
nondiscriminatory' to non-utilitv power producers. as well as policics to encourage clectric utilitics to
providc transmission scrvices for non-utility power producers.

Once consumers have the option of buving power directly from a varicty of clectricity gencrators
(both utilitics and non-utilitics). the state government can encourage firms to offer “green power™ (i.c..
clectricity generated with low-carbon or no-carbon fucls). At the same time. the state government could
publicize the greenhouse gas bencfits of green power. to incrcase demand for this environmentally friendly
option.

Institute a “Societal Benefits ™ Charge or a Carbon Tax on Electricity Generation

At lcast three states (Massachusctts. California. and New Jersey) have instituted a tax. often
termed a “socictal benefits™ charge. on all clectricity purchased (no matter what fucl is used to generate the
clectricity). Proceeds from this tax are tyvpically used to promote energy efficiency and renewable energy
through rescarch and development funding. production subsidics. tax credits. low-interest loans. or other
means. Other uscs of the tax proceeds include helping low-income houscholds payv for their energy needs.

An altemative approach would be to institute a carbon tax on fossil fucls used for clectricity
generation. A carbon tax may reduce greenhouse gas emissions by encouraging energy cfficiency or fucl-
switching to low-carbon cnergy sources. Note. however. that although related measures. such as
“externality-adders™ or gasoline taxcs. have been emploved at the state level. a carbon tax at the state level
may result in undesired consequences. For example. it might provide incentives for industrial and
commercial energy consumers to relocate outside the state.

Promote voluntary adoption of energy-saving technologies



In the past. some states have become involved in promoting energy cfficicncy by encouraging
clectric utilitics to help their customers purchase energy-cfficient cquipment. Such programs were known as
“demand-side management.” or DSM. DSM programs contributed to “intcgrated resource planning. ™~ or
IRP (in which future clectricity demands were met by investments both in energy—<fficient equipment and in
new generating capacity). With the trend toward dercgulation of the clectricity sector. many states arc
tuming away from the utilitv-focuscd DSM and IRP programs. However. statcs still have opportunitics to
promote voluntary adoption of encrgy-saving technologics. For example. a state government could provide
onc-stop shopping for information on how to participate in a varicty of federal encrgy conscrvation
programs. from thec US EPA’s Green Lights program to the US Department of Encrgy’s Motor Challenge
program.

Lstablish or Support Carbon Offset Programs

States could require. or provide financial incentives to encourage. clectricity generators and other
grcenhouse gas producers to reduce emissions or scquester carbon in proportion to the ¢missions that new
activitics. such as a new power plant. will create. One option is to allow these cmissions reductions to take
the form of "offscts"”. i.c.. a utility that wants to construct a new coal-fired power plant. for example. could
be required to sponsor a carbon scquestration forestry' project or a program to reduce ¢missions in some
other scctor. such as transportation. Combining the emissions offsct project and the new power plant
project would aim to ensure that there is no net increase in the amount of greenhouse gases emitted to the
atmosphcere.

In addition to dircctly mitigating the impacts of cmissions from new sources. these tyvpes of "offsct”
programs provide an incentive for utilitics to sclect non-carbon energy sources when feasible. This is
because requiring carbon offscts will raisc the costs of high-carbon options. making altcmative energy
sourccs relatively more desirable.

With thesce factors in mind. some states and utilitics are beginning to pursuc offsct programs as onc
of the most promising options for mitigating the impact of cnergy related emissions. Applied Encrgy
Scrvices. for example. pionecred a forestry project in Guatemala to offsct the cmissions from a 100
megawatt coal-fired power plant in Connecticut and the New England Electric System is sponsoring similar
projects in Russia and Malaysia.

Scveral issucs complicate offset program design and administration. Many are related to the fact
that large scalc offsct programs arc a relatively new and undeveloped technique that will presumably be
rcfined. Another constraint is the difficulty associated with measuring the greenhouse gascs emitted and
scquestered through various activities. cspecially long-term forestry projects where success depends on
many climatic and other uncontrollable factors. Issucs of predictability and dependability become more
significant if offsct programs permit investment in forestry projects in other parts of the world. where the
projects usually cost less. Further. states pursuing offsct options will also have to evaluate how to treat
cmissions linked to ¢lectricity reccived from or sent to other states or offsct projects located in other statcs.

Support Emission Trading Programs

Emissions trading programs allow private entitics to buyv and scll pollution reductions that arc
achicved. These market-based systems present opportunitics for reducing aggregate pollution levels at a
lower cost to socicty. Forms of tradcable permit systems. for example. are currently utilized in the U.S. to
control non-greenhouse pollutants including sulphur dioxide and lead. These programs provide broad
incentives to all polluters to reduce emissions and improve their production processes and could
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conceivably be applied to carbon dioxide ecmissions as well. cither domestically or intemationally.
Tradcable permit programs may not be feasible or desirable at the state level. however. because of
complications arising from complex cross-boundarv. administrative. and enforcement issucs. They are
noted here as background on national or regional initiatives that states might support in order to help reduce
their own cmissions.

In on¢ form of tradcable permit system. the government scts an aggregate level of permissible
cmissions for socicty as a wholc and then allocates permits that allow their holders to emit a certain
quantity of pollutants. Privatc cntitics that want to increasc their Ievels of pollutants (presumably to
increasc production of their products. such as clectricity) must buy permits from others who hold permits in
cxcess of their current needs. In this way. the government achicves its target level of aggregate cmissions
at a minimum social cost and simultancously provides an incentive for individual private sector actors to
rcduce cmissions so they can gain profits by sclling excess permits.

Complications in designing these programs include sctting a target level of ecmissions. distributing

Cross-cutting policics in the energy scctor may affect all of the emission
source categorics in Chapter 3. For example. energy taxes will affect all methane
and transportation issucs in addition to traditional clectricity production and
consumption. As statcd at the beginning of this scction. it is particularly
important that the information presented here be considered in the context of
tcchnical approaches and policy options in Scctions 3.1 and 3.2.

initial pcrmits. addressing cquity concems in initial permit distribution between different polluters.
designing the system for facilitating permit sales and purchascs. dealing with cross-boundary issucs. and
determining the optimal allowable aggregate emission levels.

6.2 MUNICIPAL SOLID WASTE MANAGEMENT

Continuing to promote the municipal solid waste hicrarchy of wastc management methods—i.c..
promoting incrcased source reduction and recyveling followed by combustion and landfilling of waste—can
result in significant GHG reductions. States have a number of opportunitics for increasing source reduction
and recveling. thus achieving GHG reductions in the waste management scctor.

As of latc 1997. 43 states have statewide goals for source reduction and/or recveling (SR&R).
Most of thosc goals were sct at ambitious levels. and many states are in the process of re-cvaluating the
goals. As this scction describes. the climate bencefits of SR&R are significant: states may consider these
benefits as they reevaluate their SR&R goals. Although GHG emissions from the waste scctor typically
represent just five to ten percent of a state’s GHG inventory. they may represent up to 20 pereent of the
GHG reductions in a state action plan. duc to GHG reductions across many scctors (¢.g.. energy-related
GHGs. manufactuning non-cnergy GHGs. and landfill mcthane). EPA has conducted rescarch to quantifv



the GHG bencfits of SR&R. and is providing technical assistance to states developing mitigation plans for
the waste scctor.'

The way in which municipal solid wastec (MSW) is managed affects GHG emissions in scveral
ways. The use of energy in material production can be reduced (with accompanying GHG reductions)
through source reduction:” the same is gencrally true for reeveling. Source reduction and reeyeling can also
reduce manufacturing non-cnergy GHG emissions (c.g.. perfluorocarbons): in some industrics—notably
aluminum and stcel—such emissions can be significant. In the short run. the amount of carbon scquestered
in forests will increase when paper is source reduced or recveled (because timber harvests will be reduced).
Mecthane cmissions from landfills can be reduced by managing the organic fraction of MSW by means
other than landfilling. However. in a properly managed landfill. landfilling can scrve as a long-term carbon
sink for organic materials. Exhibit 6-1 shows the GHG sources and sinks associated with materials in the
municipal solid wastc strcam.

Source reduction and recveling in ong state may in some cases result in GHG reductions in another
statc. For cxample. a statc that reeyveles office paper may as a result reduce energy consumption (and CO-
cmissions) in another state where office paper is manufactured. If the first statc exports its waste for
landfilling out of statc. it mayv also reduce landfill methane cmissions in a third statc. The same
phenomenon can occur with state programs to reduce encrgy consumption: because many states import
clectricity. one state’s cfforts to reduce clectricity consumption may result in GHG reductions (from
reduced clectricity gencration) in other states. With any tyvpe of state program that may result in GHG
rcductions out of statc. it is important to remember that climate change is a global problem. and the state is
still helping to reduce greenhouse gas emissions. and helping the nation to mect its intemational greenhouse
gas commitments. Thus. a state program to reduce GHG reductions from MSW management is
worthwhile. ¢ven though some of the GHG reductions may show up on other states” GHG inventorics.

The EPA Office of Solid Waste (OSW) has quantificd the GHG impacts of diffcrent methods of
managing various components of MSW. In general. source reduction (including backvard composting).
recveling (including centralized composting). and combustion have lower GHG emissions than landfilling.
EPA plans to cvaluate the GHG ¢missions of emerging technologics for MSW management. such as
conversion of organic materials to biomass fucls.

This scction examines five means by which states can promote greenhouse gas reductions through
improved management of MSW. A uscful reference for quantifving the GHG cmission reduction bencfits
from sourcc reduction and recyveling of sclected materials in MSW is a draft EPA report. Greenhouse Gas
Emissions from Municipal Waste Management. The report is available on the Intemet at
http:/Avww .cpa.gov/cpaoswer/non-hw/muncpl. Also. Appendix 2 of this guidance document presents a
mock-up for a statc solid waste climatc change mitigation package.

Promote Voluntary Waste Prevention and Recyeling in the Commercial Sector

When busingsscs implement source reduction and recyveling programs. they do so because it saves
them money (¢.g.. by reducing waste disposal costs). Thus. from a state perspective. promoting voluntary

" To rcach EPA staff that can provide technical assistance to statc GHG planners on MSW management options.
contact EPA’s Municipal and Industrial Solid Waste Division (phonc: 703-308-8300: fax 703-308-8680).

? Source reduction. also known as wastc prevention. involves altering the design. manufacture. purchasc. or usc of
products and matcrials to reducc the amount and toxicity of what gets thrown away. Source reduction reduccs or
climinates pollution at the source.
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commgreial source reduction and reeveling is a "no regrets” option: it makes sense even without
considering the greenhouse gas reductions achieved. Offices. grocery stores. and other businesses often can
source reduce and reevele large volumes of office paper. corrugated cardboard. and other matenials. State
governments can foster commereial source reduction and recyveling through a state govermment “buy
recveled” program. and incentives such as business development assistance and tax cuts or tax credits.

Exhibit 6-1
GHG Sources and Sinks Associated with Materials in the MSW Stream

Inputs Life Cycle Stage’ GHG Emissions/Carbon Sinks’

Ore, trees, Raw Materials Energy-related emissions

petroleum, =—3p- Acquisition — Non-energy related emissions
energy, etc. Change in carbon storage in forests

v

Energy —pp Manufacturing > Energy-related emissions

v

P —

-~ ) Use
( Recycling
\ — ™ *
Waste
Management
Energy
— ’__L“\
“Composting Energy-related emissions
~o A Change in carbon storage in soils
e CO, emissions from plastics
(Combu@—p N.O emissions
- Credit for avoided fossil fuel use
p . CH, emissions
{Landling ) - Uncontrolled
s - Flared or recovered for energy (converted to CO,)
' Note that source reduction affects all stages in the lfe cycle. - Credit for avoided fossil fuel use
* All life cycle stages include transportation cnergy-rclated cmissions. - Credit for carbon in long-term storage

{except that emissions from transporting products from manufacturers ©60023-1-2
to consumers were not counted in this analysis).

EPA’s WastcWi$c Program is a flexible program that allows partners to design their own solid waste
reduction programs tailored to their needs. It challenges companics to sct and achicve source reduction and
recveling targets. EPA offers technical assistance and recognition to partners (the entititics who commit to achicve
waste reduction) and endorsers (groups who help promote WasteWi$ce). States. local governments. and tribes can
sign on as partners: many (83) have already joined the program in this capacity. Also. over 600 businesscs
currently participate in the WasteWi$e Program. By diverting waste from disposal. these programs reduce waste
collection and disposal costs. reduce greenhouse gas emissions. and reduce other environmental emissions as well.
Information on WastcWi$c is available from EPA’s hotlinc for the program (1-800-EPA-WISE) or the program’s
web site (http://swvww . cpa.govivastewise).

Promote Collection Lfficiency for Recyelable Materials and Maximum Diversion Programs in the
Residential Sector
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Small citics in the US have been able to achicve recyveling rates of 50 pereent or more. while some large
citics arc approaching a 50 percent recveling rate. Loveland. Colorado (population 44.300) has achicved a 57
pereent recveling rate by providing curbside reeyveling and charging volume-based trash fees for waste disposal.
Ann Arbor. Michigan (population 112.000) recovers 30 pereent of its residential waste through curbside recyveling
of 30 diffcrent recyvelables. San Josce. California (population 830.000) recovers 44 percent of its wastce. including 33
pereent of waste from single-family houscholds. which pay volume-based rates for trash service.

The best means of achicving GHG reductions from increased recyveling in the residential sector is often to
institute curbside recveling. Compared to a recycling program bascd on drop-off centers. curbside recyveling
dramatically increases both participation in recyveling. and the amounts of material recyveled. Curbside reeyveling is
most cost-cffective in larger communities. where markcetable quantitics of recyvelables mayv be collected cach week.
Thus a statc may consider ecncouraging larger communitics to provide curbside recveling. Some communitics
combing curbside reeyveling with waste collection by using “co-collection™ trucks with bins for cach tyvpe of
rcevelable maternial. plus a compartment for non-recyveled waste.

Some citics have focused on increasing the cefficiency of their waste management operations (thus
decreasing costs). and increasing recovery at the same time. Some of the techniques used to increase cfficiency
include increased automation. changes in collection frequency. and improved routing. Rochester. New York and
Mcsa. Arizona both instituted curbside reeveling as part of an overall cfficicney upgrade. The amount of matcnals
rccovered increased from zero to six pounds per houschold per week in Rochester. New York. and from zero to ten
pounds per houschold per week in Mesa. Arizona.

Institute “Pay As You Throw ™ Pricing for Waste Collection

“Pay as vou throw™ (PAYT) programs may be implemented to further increase recyveling. and to provide an
incentive for source reduction. Under a PAYT program. houscholds arc charged for the amount of waste they
discard. By increasing the amount of waste that they recyvele and source reduce. houscholds can reduce the amount
of discarded wastc and thus will reducc waste disposal costs. PAY T programs have traditionally charged
houscholds for the volume of waste disposcd. measured by a standard-sized bag or trash can. Where bags arc uscd.
houscholds must cither pay for cach speciallyv-marked bag they usc. or pay for pre-printed stickers to place on cach
ordinary trash bag they sct out. Where containers are used. a houschold payvs a monthly or annual fee for the size
and number of containers it uscs.

Over 3.000 communitics have implemented PAY T programs. with many communitics reporting average
waste reductions ranging from 23 to 35 percent. Information on PAYT is available through the web site maintained
by EPA’s Payv-As-You-Throw program (http://sviww .cpa.gov/pavt) and the program’s help line (1-888-EPA-
PAYT).

Target Specific Materials in the MSW Stream

Many communitics have instituted programs to divert specific materials from landfills. Such
programs have ranged from promoting composting of grass clippings to collecting sccond-hand clectronic
goods for repair and resalc.

Scveral communities in the U.S. collect durable goods for reuse. Programs include curbside
collection of durable goods for distribution to charitics. local swap mects where individuals may trade
durable goods. or drop-off sitcs where individuals may Icave goods that arc broken or no longer of usc to
them. and others may take what they can fix or use. States may promote such programs by emphasizing the
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full range of bencfits. including reduced disposal costs. greenhouse gas reductions. and. where applicable.
cmplovment opportunitics (c.g.. repairing clectronic goods).

A statc may reduce emissions of methane from landfills by reducing landfilling of grass clippings. Grass
clippings from a state with a population of 5 million. which gencerates grass clippings at the national average rate.
will emit about 103.000 mctric tons of carbon dioxide cquivalent (MTCDE) of methane if landfilled. Because grass
clippings decomposc rcadily. they gencerate more methane when landfilled than Icaves. branches. and many other
tvpes of organic wastes. Grass clippings may be kept out of landfills through “grasscyeling™ (Icaving grass
clippings on the lawn to decomposc) or composting. Many communitics have successfully implemented backvard
composting programs by giving residents free plastic composting bins. Collection of grass clippings for centralized
composting is another altcrnative.

LInsure Adequate I'inancing of Source Reduction and Recyceling Programs

States can help to expand source reduction and recyveling efforts by establishing financing mechanisms for
support of new programs. Alameda County. California imposcs a surcharge of six dollars per ton of waste
landfilled in the county. to support waste reduction and reeveling. The fee has generated more than 30 million
dollars in revenues since 1991, This surcharge not only ensures revenuce for waste reduction activitics but also
creates financial incentives to reduce the amount of waste landfilled. Other tvpes of financing could also be
developed.

For more information on municipal wastc management issucs scc:

5.1 Greenhouse Gases from Encrgy Production:
Demand Side Mcasures

5.6 Mecthane from Landfills

5.1 Emissions Associatcd with Forested Lands

6.3 BIOMASS ENERGY DEVELOPMENT

Biomass rcsources. including wood and agricultural wastes. timber. and grain crops accounted for
about 3.3 pereent of U.S. energy consumption in 1990, Because plants that producc these resources
scquester carbon while growing. using biomass as a renewable energy source to displace fossil fucls helps
mitigate carbon dioxide buildup in the atmosphere. Additional information on how trees and plants
scquester carbon is presented in Scction 3. 11, Lmissions Associated with lrorested Lands. and Section 6.3,
Tree and Timber lxpansion Programs.

Biomass can be converted to gascous. liquid. or solid fucls that may substitute for common
transportation. powecr generation. industrial. and heating fuels now used. Gascous fucls from biomass can
be used just like natural gas. Liquid fucls. mostly ¢thanol and similar alcohol products. can directly
substitutc for liquid petroleum fucls such as gasoline. Solid fucls. usually meaning the biomass itself after
being dried. can be bumed to produce thermal energy for uscs like heating buildings or can be used in direct
combustion processcs at power plants in the same way as coal.



Wood wastcs and agricultural crop residucs are often considered to be the most cost-cffective
biomass resources since they result from other productive ¢cconomic activitics and arc readily available.
Wastes and residucs are currently used extensively for encrgy production in some sectors such as the paper
industry. In addition to replacing fossil fuels that produce greenhouse gas cmissions. increasing the usc of
these resources mayv help alleviate other problems such as costs and methanc production associated with
wastc disposal and landfills. Wood and crop residucs can be gasificd. liquified (into cthanol). bumed
dircctly for use in on-sitc power generation. or bumed to heat commercial buildings and homes.

Short rotation woody crops. mostly trees. can be burned to heat buildings or to fire conventional
power plants in a process similar to coal combustion. For example. in 1990 New York state gencrated
around 3 megawatts of clectricity using wood power and in 1991 Vermont gencrated approximately 1.7
pereent of its clectricity from biomass at a woodchip buming plant. Wood can also be transformed into
liquid fuels such as cthanol through cnzymatic processes. although these processes are expensive to use at
the current time.  Several short-rotation woody crops have been identified as "model” encrgy crop specics
bascd on their rapid biomass vield potential. These crops include silver maple. sweetgum. sycamore. black
locust. cucalyvptus specics or hybrids. and poplar species or hybrids. The highest vielding crop appropriate
for a given region may be among these modcl crops or may be different. depending on soil and other
characteristics within a gcographical region (Sampson and Hair. 1992).

Grain crops. cspecially those high in sugar content such as sugar canc and com. can be converted
to cthanol through fcrmentation and distillation processes. This procedure is being pursucd aggressively in
some arcas. cspecially throughout the com-belt states where various programs promote cthanol to cnhance
cnergy sclf-sufficicney and support the local cconomy. Residues from these crops can also be used for
dircct combustion or gasification. as described above.

The challenge for biomass in the future is to ensure a sustainable harvest. possibly from
plantations. to develop efficient and non-polluting svstems for fucl conversion and use. and to lower
production costs so these fuels can compete with traditional sources. The total costs of biomass fucl
development will vary depending on crop productivity and biomass handling and transportation costs.
Other questions surrounding biomass fuel development include the net cffect of scquestering carbon
(including impact on carbon content in soils). the effect on other greenhouse gas emissions like nitrous
oxide from fertilizer applications. the vulnerability of large plantations to pests and discascs. the
compctition for woody biomass to make pulp for paper manufacturing. and competition for land with
traditional agricultural crops (NAS. 1991).

e A varicty of policy options may help resolve these uncertaintics and promote greenhouse gas reductions
through substitution of biomass fucls for fossil fucls. Policics in this arca might include:

e Rescarch. pilot programs and financial incentives to encourage the development of high-quality. low-
cost. and continuously available biocnergy crops. Tax or other credits for biomass production or

reducing tax incentives for fossil fucls may help in this way.

e Rescarch and demonstration projects to encourage the development and application of more cfficient
technologics that may be more competitive with other sources of encrgy.

e Testing or construction of commercial facilitics and infrastructure for using and distributing biomass-
bascd fucls in order to support their widespread usc in the long-term.
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The 1991 Vermont Comprehensive Encrgy Plan illustrates how states might promote biomass fucl
development. cmphasizing how wood products can offsct the statc's usce of nonrenewable fucls like coal or
oil for clectricity genceration as well as direct heating.  Similarly. the 1992 lowa Comprehensive Encrgy
Plan emphasizes increasing that state's energy sclf-sufficiency by developing renewable resources including
cthanol and othe¢r biomass products.

For more information on biomass issucs sce:

52 Greenhouse Gases from Encrgy Production: Supply Side Mcasures
53 Greenhouse Gasces from the Transportation Scctor

5.6 Mcthane from Landfills

5.10 Nitrous Oxide from Fertilizer Use

511 Emissions Associated with Forested Lands

6.4 TREE AND TIMBER EXPANSION PROGRAMS

Trees provide an important terrestrial "sink” for carbon dioxide by removing or scquestering this
grcenhouse gas from the atmosphere as they grow. and storing it in wood. foliage. and soils. Pcrmanently
increasing the acrcage devoted to forests and timberland can thercfore contribute to reducing net carbon
cmissions. Policics to pursue this aim can be valuable in "offsctting” or counter-balancing cmissions from
other sources such as power plant operations. This scction focuses specifically on increasing carbon
scquestration through cxpansion of forested lands: Scction 3.11. Emissions Associated with Forested
Lands. provides more details on cmissions issucs related to conversion of existing forest land and
consumption of wood products.

Carbon scquestration benefits may accruce through projects designed specifically for this purpose or
they mav accompany broader policy objectives such as enhancement of natural resources. reduced soil
crosion. or improved wildlife habitat. Scveral federal level forestry programs and planting initiatives and
somg private scctor efforts support tree planting objectives. The federal programs are administered
primarily by the U.S. Forest Service and other agencies within the U.S. Department of Agriculture and by
the Department of the Interior.

Onc of the most significant federal cfforts dedicated to expanding forested arca in the U.S. was the
U.S. Tree Planting Initiative. As part of the 1990 Farm Bill. this initiative focussed on planting and
maintaining ong billion trees per vear in urban and rural arcas. Linked with this initiative are existing
federal programs. including the Stewardship Program. the Stewardship Incentive Program. and the Urban
and Community Program. that work towards the goal of trce maintenance and planting. All 30 states have
formed State Forest Stewardship Coordinating Committees to assist state foresters with these programs.

Federal programs designed to mect other policy objectives may also help increase carbon
scquestration through tree and timber expansion. For ¢xample. the Conscrvation Reserve Program. aimed
at protccting highly crodible croplands. converted about 2.4 million acres into permanent tree cover since
its inception (Callaway and Ragland. 1994). Carcfully tailored support for this sort of initiative illustrates
the tyvpes of multiple-benefit or "no regrets” actions that states may be ablce to pursuc to help mitigate the
thrcats of climate change.
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Additional tree-planting initiatives have been undertaken by clectric utilitics. often with the
assistance of statc govemments and some non-governmental organizations. in an ¢ffort to "offsct” carbon
cmissions from other sources. including power plant operations. For example. PacifiCorp is implementing
carbon dioxidc offsct projects in Orcgon that assist non-industrial landowners in planting rural lands. This
project includes cost-sharing and a requirement that trees not be harvested for at Icast 65 vears. American
Forests' Global Rel.eaf for Inergy Conservation Program is also focusing on ¢ncouraging utility
companics to plant trees for energy conservation.” Further. New England Electric Systems is sponsoring
forestry programs in Malaysia and Russia to offsct cmissions from their U.S. based gencrating stations.
Scction 6.1 discusses utility offsct programs in more dctail.

Tree and timber expansion programs in general may include reforestation (replanting former
forests) and afforestation (converting other land uscs to trees).  Either way. the net amount of carbon
dioxide that is scquestered annually by new tree growth varics with the quality of the land. the age of the
trec and its specics. climate. and other factors. For example. southem pines planted on cropland may
scquester about 22 percent more carbon per acre than pinces planted on pasture land in the southcast
(Birdscy. 1992). At the samg time. however. slower growing tree specics that offer longer crop rotation
periods or wood that can be used in longer-lived products. such as fumiturc. may supcersede the apparent
carbon bencfits of faster growing species planted in the same regions.

Policy options to support tree planting include: planting programs on public lands. direct payvments
or tax subsidics for private sector tree planting. partnerships or cducational seminars targeted at timber and
other forest interests. technical support for non-profit or other private groups. and forestry based carbon
offsct programs. The rcal range of opportunitics in this arca depends on local circumstances including
perspectives shared by different interests involved in the forestry sector.

Becausc of this diversity of policy options and the technical complexitics and uncertaintics involved
in forestry expansion programs. the design of large-scale tree planting programs is critical to their success
in scquestering carbon over time. Programs that do not adequately consider certain important interests in
the tree and timber industry mayv ¢ven ncutralize the carbon scquestration bencfits they are trving to
achicve. For example. private forest owners not enrolled in new government forestation programs may
rcduce their own tree planting because they anticipate lower timber prices when surplus government timber
is harvested. This may result in less net carbon scquestered by the govemment program. As another
cxample. because much of the carbon stored in the soil and in the woody biomass of the tree is released
when the tree 1s harvested. carbon benefits are reducced if the land planted under the program docs not
recmain permancently forested.  Assuring that the planted trees remain in the ground may require long-term
commitments by landowners.

It is also important to notc that most subsidics for tree planting do not preclude harvesting. Net
cffects on carbon scquestration may. therefore. be unclear. especially if energy consumption associated
with harvesting activitics is considered. Further. tax incentives and other subsidics must be carcfully
crafted to encourage incremental behavior -- i.e.. to avoid rewarding individuals for activitics that were
alrcady planncd. At the same time. carc must be taken to avoid penalizing the forest industry and other
individuals alrcady engaged in the desirable activity of planting trees -- making these actors incligible for
benefits under a tree planting program may be counter-productive.

' Amcrican Forcsts is a non-profit organization in Washington. D.C.
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Federal tree planting programs have emploved a number of different methods to induce individuals
to participatc and to cnsurc long-tcrm success. For example. the Conscrvation Reserve Program ¢cmploys
cost-sharc¢ arrangements that cover a varicty of land management and treatment costs. such as site
preparation. planting. and thinning. Tcchnical assistance has been a component of the Stewardship
Incentive Program. In addition. these programs tyvpically specify land and landowner cligibility
requirements in order to prevent perverse results. such as clearcutting and replanting in order to receive
subsidics.

Onc cxamplc of a statc level forestation program is the Missoun Department of Natural Resources'
Operation TREL (Trees Renew Encergy and the Environment). This program's goals arc to reduce demand
for heating and cooling with stratcgic landscaping. to remove carbon dioxide from the atmosphere. to arrest
soil crosion. and to cnhance natural water filtration. The Division of Environmental Quality also
incorporated a land reclamation program for mine sites into Opceration TREE. Because mine sites are
tvpically steep and the soil is of poor quality. they are often more amenable to trees than to other tvpes of
cover.

In addition. Minngsota recently completed a major report asscssing that state's carbon dioxide
budget and making recommendations for reducing emissions with forestry. They conclude that. while land
availability i1s a constraint on carbon scquestration forcstry projects. tree planting could be an important
componcnt of an overall program to reduce net carbon dioxide ¢missions.

6.5 CITY AND REGIONAL PLANNING

Coordinated urban and suburban planning of ¢ncrgy issucs can lcad to substantial greenhouse gas
reductions. These reductions will stem largely from improvements in the transportation scctor and from
increasces in cfficicncy during clectricity consumption and production. They may also incorporate better
usc of urban and rcgional resources such as recyvelable products. district heat. and methane from landfills.

The greatest opportunity for reducing emissions through citv and regional planning stems not
simply from achicving direct reductions in these arcas. but rather from cxploiting the interactions between
different greenhouse gas producing activitics. For example. the combination of a high density of dark
buildings in urban arcas and high lcvels of encrgy consumption that generates heat. such as vehicle traffic
and commercial building cnergy use. tends to trap heat. creating an "urban heat island" effect. This can
lcad to demand for more air conditioning. refrigeration. and other energy draining activitics. Similarly. a
commercial building's energy requirements depend not only upon the building's construction and source of
cnergy but also its external environment. including the density and distribution of surrounding buildings
and the local climate. Additionally. the proximity of peoples' jobs to where they live is a kev determinant of
how much ¢ncrgy or fuel is consumed for transportation purposcs. By addressing these issucs through land
usc planning and community design. coordinated city and regional planning offers tremendous opportunity
for reducing aggregate cmissions of greenhouse gascs.

Statc and local governments have the predominant jurisdiction to ¢nact policics that will promote
these tvpes of reductions. City and regional planncrs determine where and how residential. commercial and
industrial development takes place. states frequently sct energyv-cfficiency standards and localitics ¢nact
building codcs. and both these levels of government plan and support transportation svstem development.
In this context. local control over land usc and zoning offers onc of the greatest opportunitics for promoting
greenhouse gas emission reductions. It is important to realize that zoning ordinances affect these cmissions
whether they intend to or not. and thercfore. that city and regional planners should become awarc of the
climate change implications of their actions. Zoning that permits extensive parking in urban arcas. for
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cxample. often discourages the usc of
cnergy cfficient public

transportation. Similarly. zoning
that excludes businesses from
residential arcas creates a higher
nced for mobility as people must
travel farther to work. causing higher
levels of cmissions.

Planning agencics arc also
optimally situated to identify: arcas
where excess heat or other resources
in onc scctor. like industrial
production. might be used to mecet the
cnergy needs in another sector. like
commercial heating. This is a
function that only local and statc
governments can perform.

The US EPA’s $mart
Growth Network provides resources
to government. business. and civic
scctor leaders interested in
developing citics and towns in ways
that arc environmentallv.
cconomically. and sociallv “smart.”
The network’s mission includces
cncouraging (1) transit- and
pedestrian-oriented development and
(2) infill development in urban arcas.
to reduce suburban sprawl. Both of
these policics help to reduce the use
of automobiles. and thus help reduce

Exhibit 6-2: The Land Use, Transportation, Air Quality
(LUTRAQ) Project

1000 Friends of Orcgon. a nonprofit membership
organization dedicated to the wisc and responsible usce of land.
has initiated a rescarch demonstration project to identify and
analvze alternative development patterns to automobilc-
dependent suburban sprawl. By emphasizing the conncections
among land usc. transportation. and air quality planning. the
project participants hope to demonstrate how changes to local
land usc policics and development designs can increase the
cconomic feasibility of altcrnatives to automotive travel.
thereby reducing energy consumption: reduce the demand for
automobilc-oriented facilitics: increase mobility for all
scgments of socicty: provide for sustainable population and
cconomic growth: minimize negative environmental impacts.
such as climatc change cffects from increasing greenhouse gas
c¢missions: and ¢nhance community character and awarencss.

The LUTRAQ project will study a proposed $200
million byvpass freeway and a surrounding 115 square mile arca
in the Portland. Orcgon metropolitan region. Using well-known
transportation and air pollution models (EMME/2 and
MOBILES4). the project will identify: replicable methods for
altcring land usc development pattems to promote pedestrian.
bicvele. and mass transit travel. These new methods will
provide important tools for policy makers. planners. and
citizens calculating the feasibility of altemative modes of
transportation. The project rescarch will be conducted by a
tcam of intcmationally recognized experts in the ficlds of land
us¢ planning. urban design. and computer modeling.

grecenhouse gas emissions from the transportation scctor.

The International Council for Local Environmental Initiatives (ICLEI). an international association
of local authontics dedicated to helping localitics mitigate environmental threats and enhance the natural
and built cnvironments at the local level. works with local govemments to identify: these tyvpes of
opportunitics for reducing emissions of greenhouse gases and other pollutants. Through their Urban €O,
Project. ICLEI works with the citics of Denver. Minncapolis. Miami. San Jos¢. Portland. and others on
greenhouse gas cmission reduction programs.

Specific measures to reduce greenhouse gas emissions through city and regional planning should
focus on coordinating the proximity and mix of residential. commercial and industnal sites in order to help
mitigate the urban heat island cffect. reduce or facilitate transportation needs. and usc potential energy-
saving or cmission-reducing resources that arc currently being wasted. such as heat from industrial sites or

methane from landfills.

For example. In 1994, 16 San Bemadino jurisdictions prepared a "Land Use.

Transportation. and Air Quality" manual in responsce to a mandate from California's South Coast Air
Qualitv Management District. The focus of the document is to improve air quality through land usc
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mcasurcs such as transforming auto-oricnted subdivisions into pedestrian neighborhoods. Other specific
planning idcas arc presented below.

6.6

Establish sclf-sufficient. mixed-use communitics by ¢nsuring that cmployment. shopping.
entertainment. medical care. and similar scrvices are located near residential arcas in order to
minimize transportation needs. Florida has developed several model communitics with these
purposcs in mind. as reflected in Dade County's "traditional neighborhood development ordinance.”

Support cenrral district heating and cooling. which involves capturing and channeling wastc heat
(usually from industnal facilitics) or hcat from a central boiler to mect heating needs in commergcial
or residential buildings. This may involve developing infrastructure to transfer the heat (as stcam
or hot water) between locations and planning industrial. manufacturing. commercial. and
residential centers in relative proximity to cach other. Almost half of the homes in Sweden are
heated this way.

Plan the density. distribution. color. and facades (may include glass-tvpes) of buildings so heat can
¢scape the city to help mitigate the urban heat island cffect. Develop urban tree programs to
provide summer shade and to act as shelter belts against cold winds in the winter that draw the heat
from buildings.*

Establish and enforce building codes and energyv-cfficiency standards that help minimize
residential. commercial. and industrial energy consumption.

Design and build "green space”. i.e.. parks. urban green wards. cte.. These green spaces can help
rcduce urban heat island cffccts. while also scquestering carbon dioxide.

Facilitatc and promotc public transportation syvstecms in coordination with all the other planning
mecasures listed above. reducing direct carbon dioxide cmissions from automobiles and decreasing

transportation systcms contributions to the urban heat island.

Support innovative work and transportation alternatives such as tecleccommuting in order to reduce
overall commuting needs. again reducing direct carbon dioxide emissions and urban heat trapping.

AGRICULTURAL SECTOR PLANNING

Concentrating on onc scctor of the ¢cconomy can provide a uscful focal point for comprchensive and

well-coordinated policy development. As an example. the agricultural scctor contributes to greenhouse gas
cmissions in a varicty of wayvs. For example:

Greenhouse gases are emitted through encrgy consumption during ficld operations and agro-
chemical production. including fertilizers. pesticides. and herbicides:

Greenhousce gascs are emitted when agricultural crop wastes are bumed:

' Cool Communitics is a voluntary program sponsorcd by DOE. The function of Cool Communitics is to
cncourage the strategic planting of trees to provide shade and windbreaks to residential and commercial buildings.
thereby. improving encrgy cfficiency and reducing the urban heat island cffect. Thesc trees also serve as a carbon
sink. contributing to the overall carbon reservoir both above and below ground. (Cool Communitics is Action #1 1
of thc CCAP).
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e Mecthane is cmitted from livestock and poultnn manure. through enteric fermentation in
domesticated animals. and from flooded nice ficlds:

e Nitrous oxidc i1s cmitted as a result of nitrogenous fertilizer usc:

e Agricultural production decisions alter land use. which in tum affect greenhouse gas emissions:
and

e Agriculturc offers biomass fucl potential.

By focusing on the agricultural sector. therefore. policy-makers can integrate scveral greenhouse gas
reduction measures into a single. comprehensive program.

The greatest opportunitics for reducing greenhouse gas cmissions in the agricultural sector may
involve not only direct actions to address cach of these sources. as Chapter 5 discusscs. but also innovative
approaches that combing policics so that emission reductions from onc source support reductions from
others. For example. methane can realistically be captured from some manure systems and used as an
cnergy source in production processes or for heating buildings. This decrcases direct methane cmissions

For mor¢ information on mcasurcs particularly relevant to city and regional planning sce:

5.1 Greenhouse Gascs from Encrgy Consumption: Demand Side Mcasures
52 Greenhouse Gases from Encrgy Production: Supply Side Mcasurces
53 Greenhouse Gases from the Transportation Scctor

54 Mcthane from Natural Gas and Oil Systems

5.6 Mcthane from Landfills

and rcduces the need for encrgy from traditional fossil fucl sources (sce Exhibit 6-3). Additionally.
composting crop residucs and using them as fertilizer or growing leguminous crops where residues can be
plowed into ficlds as a nitrogen source will reduce carbon dioxide emissions from crop buming and may
help decrease nitrous oxide and other emissions associated with fertilizer applications.  Similarly.
processing crop residucs into biofuels has multiple bencefits.

Statcs can usually promotc these or other innovative mechanmisms for reducing ¢missions from
multiple sources through individual projects or by developing broader programs under which a range of
specific actions can be undertaken. Projects might include. for example. improving the understanding and
increasing the implementation of integrated pest management (IPM) activitics. [PM has the potential to not
only reduce the need for and use of harmful pesticides. but it can also increase cfficiency and productivity.
thereby. reducing emissions from cnergyv-related activitics. Another potential project could include
improving the cfficicney of nitrogen fertilizer use. This has the potential to not only result in lower
cmissions of N> O from microbial activity occurring in the soil. but also lower emissions of CO, from
clectricity and natural gas consumption during the manufacture of fertilizer. Also. both projects offer
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benefits to the farmer in addition to environmental. including decrcased health risks (from a reduction in
pesticide use). increased productivity. and decereased encrgy costs.”

Exhibit 6-3: Broiler Litter Program in Alabama

The Broiler Litter Program is co-sponsored by the Science. Technology and Encrgy Division
of th¢ Alabama De¢partment of Economic and Community Affairs and the U.S. Department of
Agriculturc's Tennessee Valley Resource Conservation and Development Council. This innovative
program addresses improvements in energy efficieney. solid waste reduction. and agricultural
productivity. In the pilot program. newspaper is shredded and blown over a poultry house floor. Baby
chicks arc then brought in and. within a couple of days. the shredded paper becomes matted and slick
from the droppings and moisturc. A few davs later. the matted paper begins to break up. In six weeks.
the broilers arc taken to market. at which time cither a new layer of paper is added to the floor or the
floor is cleancd up and the process repeated. When the litter is collected from the poultry house floor.
it is sprcad on crops as fertilizer or is mixed with feed and fed to livestock for its nutritional value.

Because farmers can reduce their purchascs of commercial fertilizers. greenhouse gas
cmissions associated with the production and usc of the fertilizer are reduced. In addition to the
benefits to the farmer in feed and fertilizer savings. the Broiler Litter Program can enhance recyveling
cfforts by creating demand for old newspapers and by decreasing the flow of wastces to the limited
amount of availablc landfill spacc. Furthermore. the usc of shredded newspaper for bedding also
climinates the need to truck in wood chips from as far away as 230 miles. thereby saving on fucl and
transportation costs. Finallv. farmers have also noticed decreasces in their energy bills. primarily due to
the insulating cffects of the shredded newspaper. This reduction in fucl consumption results in lower
CO» and other encrgy-related emissions. With more than 2.000 chicken producers in the four
Alabama countics where project demonstrations are held. more savings are expected as the program
gains popularity'.

Public recognition or other rewards for farmers who reduce emissions from more than onc source
simultancously may also ecnhance farmer interest in these activitics. Support for demonstration projects in
multiplc-source cmission reductions can also gencrate farmer interest. especially if coordinated with well-
known and successful existing farms. Another successful approach may be to make sure that farmers
reeeive a uniform and consistent message about the needs. benefits. and related opportunitics for multiple-
source cmission reductions from all govemment programs with which they: commonly interact. For
cxample. a common message about the imperatives and benefits of emission reductions from state
agricultural agencies. environmental agencics. extension agents. and even in trade journals and other
publications can consistently reinforce the fact that farms can simultancously reduce cmissions and save
moncy.

States may gain additional benefits by developing broader programs to coordinate all these tvpes of
projects. For example. Chapter 7 describes the lowa Agricultural Encrgy Environmental Initiative. a wide-
ranging program that scrves as a basc for a variety of cfforts to reduce energy consumption and pollution in
lowa's agricultural sector. Under this program. a diverse range of projects arc tied to a common theme.

* The CCAP provides detailed descriptions and analyscs of voluntary programs designed to reducce pesticide usc
and increcasc the cfficicney of nitrogen fertilizer applications (Actions #17 and #18. respectively).
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gamering publicity and political support as well as resources from a varicty of extemal sources. Without
the central program in placc. several diverse projects could not be linked to a common initiative and would
not receive the same level of popular or political support.

For morc¢ information on agricultural scctor planning sce:

5.1 Greenhouse Gases from Encrgy Consumption: Demand Side Mcasures
5.2 Greenhouse Gasces from Encrgy Production: Supply Side Mcasurcs
5.3 Greenhouse Gases from the Transportation Scctor

5.7 Mcthan¢ Emissions from Domesticated Livestock

5.8 Mcthanc from Animal Manurc

5.9  Mcthanc from Rice Cultivation

5.10 Nitrous Oxide¢ from Fertilizer Use

5.11 Emissions Associated with Forested Lands

5.12 Greenhouse Gascs from Burning of Agricultural Wastcs
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PART III

PROGRAM DEVELOPMENT
AND STATE ACTION PLAN PREPARATION

The two preceding chapters provide a menu of policy options that states might include in a State
Action Plan. This part of thec document cxplains how states can choosc from among thosc options and meld
them into comprehensive climate change mitigation programs. It also provides a framework for the actual
Statc Action Plan.

o Chapter 7. Climate Change Program Development . is provided help states anticipate institutional.
political. and othcr organizational issucs that mayv complicate their program design cfforts.

o  Chapter 8. Analvzing Policy Options. clarifics the different processes and tools states might usc
for analvzing and comparing policy options. highlighting the many complexitics involved in this
process.

e Chaptcr 9. Preparing the State Action Plan. gives examples of the tvpes and content of State
Action Plans that EPA fecls would support national cfforts in this arcna and would provide a
consistent basc for the federal govemment in allocating additional resources and technical
assistance to statcs.

This information should help state policy-makers anticipatc many of the complications that may
arisc as they structure actual climate change mitigation programs.
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CHAPTER 7
CLIMATE CHANGE PROGRAM DEVELOPMENT

This chapter addresses the process of planning. implementing. and administering climate change
mitigation programs. [t summarizes complexitics that states mayv encounter during the development of
grcenhouse gas emission reduction policics and describes how scveral states have structured their programs
to deal with these issues. Ideally. the information presented here will help clucidate some of the criteria that
may be important when designing programs. including time frame considerations and political and
administrative feasibility. as discussed in Chapter 4.

Specific topics addressed in this chapter include the important actors who affect climate change
program design. political considerations relating to climate change program development. treatment of time
perspectives. interaction between various agencies within and external to state govemments. general
program administration. and program financing.

7.1 TIME PERSPECTIVES IN CLIMATE CHANGE PROGRAM DESIGN

As highlighted throughout this document. states should anticipate that climate change policy
formulation will be a dynamic. evolving process. For this rcason. program design frequently depends upon
a statc's approach for looking at ncar-. mid-. and long-range issucs. Time frame issucs are relevant in the
political. organizational and administrative aspects of program planning. For cxample:

e Greenhouse gas emissions today will affect climate change and its impacts at the local level for
many dccades.

e The capacity to reduce greenhouse gas cmissions. cspecially through log-range mitigation options.
depends on anticipated changes in science and technology.

e Onc rcason current cmission forccasts arc important is that thev provide a bascline for analvzing
potential emission reduction impacts from various policy options ranging across time frames.

e Dvnamic programs with goals and critcria that varv across time frames may be more cffective than
programs adhcring to onc static sct of objectives. Programs bencfit from qualitative and
quantitative short-. mid-. and long-range ¢mission reduction targets and goals.

e Policy cvaluation. entailing predictions and measurements of probable program impacts. depends
heavily on time frame considerations. Keyv time frame assumptions arc critical for conducting
cmissions analvsis and cconomic impact analvsis. These same time frame assumptions play a
significant role in driving any formal cmissions or climatc change modcling cfforts a statc may
decide to pursuc.

7.1.1  Structuring Time Frame Considerations in Program Design

Throughout this document time frame considcerations are split into ncar-. mid-. and long-range
classifications. This scction defines and examines these classifications in more detail. introducing the



advantages. constraints. and opportunitics surrounding policy planning and implementation within cach
onc.

Near-Range

Ncar range actions can be initiated immediately. Among other benefits. these policics offer the
opportunity to implement immediate cmission reductions. sct precedents for state actions on climate
change. demonstrate new technical approaches for addressing various emission sources. develop an analyvtic
basc for future actions. and generate immediate and future political support by incorporating various
important actors in high visibility and popular projects. Within this time frame many "no-regrets” policics
can often be implemented at relatively low cost.!

The primary constraints associated with ncar-range actions are tyvpically related to the technical.
organizational. political. or financial fcasibility of altcmative options. These constraints stem from the
scientific. cconomic. and technological uncertainty surrounding climate change mitigation measures and
from the frequent need to gamer support from diverse scctors of socicty and to coordinate actions between
government agenceics. (Other sections in this chapter discuss these political and organizational issucs in
more detail))

Additionally. without comprchensive and longer-range program design. actions focused on the
ncar-term can come to dominate state programs and drain financial. analyvtical. institutional. and political
resources from initiatives that can have more significant impacts but that will take longer to develop and
implement. Also. statcs that pursuc only "no-regrets” actions often find that thev do not innovate or
develop new policy idcas for addressing greenhouse gas emissions. For these reasons. near-range actions
should gencrally be envisioned as part of larger and more comprehensive programs and should be
communicated to the public and other important stakcholders in this way.

Mid-Reange

Mid-rangg policics arc often considered in a ten- to twenty-vear time frame. hinging on issucs such
as technology development and implementation feasibility. as well as on emissions and cconomic forecasts.
Policics in this range often involve significantly more analyvsis. planning. and investment than near-term
mcasurcs. They also offer significantly greater opportunity for larger emissions impacts.

Mid-range mcasures can often be designed to integrate with other state policy objectives such as
increasing energy cfficicncy and decreasing air and water pollution. Carcful planning can thus vield
multiple benefits to the state and enhance political support for these policies. Furthermore. ¢stablishing
mid- to long-range climate change mitigation objectives can also encourage technical and political
innovation. Plans to reduce utility or transportation scctor cmissions to a certain level within fifteen or
twenty vears. for example. may prompt policy-makers to develop innovative approaches to greenhouse gas
reductions. Policics planned in this time frame should be carcful to maintain flexibility so that they can
adapt to changing circumstances. such as technical advances or cconomic downtums.

Long-Range

Long-range actions to address climate change can incorporate specific policy objectives that may
takc twenty or more vears to cnact. Successfully encouraging the complete transition in industnal and

' "No-regrets" policies arc defined in Chapter 4.
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commgrcial encrgy use away from carbon-intensive fossil fucls. for cxample. may take many vears.
Similarly. it mayv take several decades to spread and institutionalize comprehensive public awareness at all
age levels about climate change issucs. These measurcs may represent fundamental changes in how our
socicty deals with these and other topics.

Thesce long-range actions arc perhaps best viewed as visionary objectives that states can support
through a varicty of ncar- and mid-term policics. Thev arc sometimes more difficult to cstablish outside of
a general state plan (in transportation or ¢cducation. for ¢xample) because future cconomic developments.
cvolution in our understanding of climate change. and impacts from the intcraction between various policics
ar¢ difficult or impossiblc to forccast.

Even amidst these constraints. however. these approaches are critically important. They often
offcer the most hope for pecrmanent stabilization of greenhouse gas emissions. Comprehensive state
programs cstablished now can sct the groundwork and the context for addressing these fundamental. long-
range objectives while maximizing near- and mid-range cmission reductions the most effectively.

7.1.2  Models for Including Time Frame Considerations in Program Development

States should integrate time frame considerations into program planning to match local institutional
and political circumstances. Policy planning may vary. for example. between states where legislatures
work full-time and states where legislatures mecet for only part of the vear. Idecal programs will probably
combing and implement policics that consistently address near-. mid-. and long-range objectives. Specific
policics may conceivably address all these time ranges while others will concentrate their impact within
onlv onc time frame.

A varicty of organizational structures for program design can support policy development amidst
these complications. Three possibilitics are discussed below in detail. and examples are provided.

Mid-and Long-Range Program Targets Coupled With Near-Term Policy Plans

The State of Orcgon developed a program structure that incorporates a mid-range cmission
rcduction objective with repeated two-vear emission reduction plans (Oregon. 1990). According to policy-
makers in that statc. onc¢ of the forcmost bencfits of this approach is that it provides a formal program
target in the mid-term that prevents the state from delaving action on this issuc. while at the same time
utilizing a structurc that incorporatcs opportunitics for program development. ¢valuation. and revision
cvery two vears as necessary. This flexibility offers the opportunity for policy-makers to respond to
scientific. cconomic. and political changes. and to make program adjustments bascd on organizational and
administrative issucs as well.

Onc apparent detriment of Oregon's sct mid-term target is that it scems to have impeded
consideration of potentially important policy options with longer-term oricentations. For example.
transportation and land-usc changes that would take more than twenty vears to implement or to produce
cmission benefits are largely excluded from a svstem that cstablishes a mid-term goal with no incentives for
longer-term policy development.

Immediate Action to Initiate the Climate Change Policy IF'ormulation Process

Some statcs have taken immediate-term action on this issuc before conducting more comprehensive
program planning cfforts. For cxample. Missouri. Vermont. and other states have authorized and



conducted climate change studics. Long-term bencefits from these cfforts scem mixed. In some arcas these
tvpes of studics have helped sct the climate change policy formulation process in motion. gencrating interest
among actors and sctting the stage for future action. However. in other arcas these studics have provided
littlc momentum. and cither further action has not been taken. or it has been delayed.

lowa's cxperiences illustrate this point. The lowa Department of Natural Resources conducted an
initial inventory but has taken little coordinated action since then to address climate change specifically.
although 1t has pursucd other initiatives. such as encrgyv-cfficicney and water pollution reduction programs.
that simultancously help reduce greenhouse gas emissions. Their initial action on climate change has vet to
lcad to a more structured program for dealing with this issuc.

California's initial work on climate change. on the other hand. helped generate significant public
and political intcrest in this issuc. As part of their actions towards producing a complete policy report on
climate change and greenhouse gas issucs. which was mandated by its legislature. Califomia developed an
initial intcnm study that scems to have encouraged many different private and public interests to become
involved. The interim study made it clear that the state would be taking further action in this ficld.
Without th¢ mandate for the later policy report. some policy-makers in California are uncertain as to
whether the initial report would have generated so much public interest.

Feasibiliny and "No-Regrets” Standards to Structure Policy Choices

Another approach to initial policy development necessitates that policics be based on factors such
as technological feasibility and cost-cffectivencss. This conservative approach may span all time frames: in
Califoria it 1s bascd on the state's intent to initiate sclect measures which have greenhouse gas reduction
benefits. while also completing more policy rescarch that may Iead to expansion and refinement of the
cmission reduction program. "No-regrets” policy guidelines frequently offer similar advantages. These
tvpes of guidelings initiate policics that arc complctely beneficial to the state and mayv help build political
conscnsus for further action. Both the feasibilityv-based and no-regrets approaches may help reduce
political resistance to new programs while demonstrating some action to address climate change.

These approaches can also suffer from the same constraints as those discussed in the above section
(Immediate Action to Initiate the Climate Change Policy Formulation Process). Without implementing
som¢ dircct mechanism or incentive to initiate actual policy development. like a quantitative or qualitative
mid-range target or a specific mandate to action. these feasibility-based and no-regrets actions do not
alway's propcl states towards further action. The highest utility: from no-regrets and feasibility-bascd
actions scems to come when they are combined with other incentives within the context of larger or more
structurcd programs. perhaps as part of a longer-term no-regrets plan.

7.2 IMPORTANT ACTORS IN CLIMATE CHANGE PROGRAM DESIGN

Interactions between several distinet tvpes of actors sct the context for climate change programs.
These actors maintain resources and knowledge that contribute to policy development. determine program
structurc or policy content. or influgnce program design in other way's.

Spccific organizations and individuals will varv in cach statc depending on how programs address
scctors. including transportation. ¢nergy supply. encrgy use. forestry. industry. and agriculture. Some will
participate during the initial phascs of program design. while others will be more active during policy
implementation or long-term program administration. Six broad catcgornics of actors arc presented below:
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o Private sector interests. who often maintain significant data and analvtic capabilitics rclevant to
cmissions planning. and who may be affected by new emission reduction policics:

o Citizen and advocacy groups. including thosce in the environmental. commercial. health and safety.
and scicntific ficlds:

e State agencies. which maintain government data and analyvtic capacity. as well as policy and
implcmentation jurisdiction in the scctors that may be expected to reduce greenhouse gas
cmissions:

o State governmental executives. including those concerned directly with climate change. those
involved in managing the statc cconomy. and those who may be prompted to comply with federal
initiatives regarding climate change or other policy issucs that affect the above-mentioned scctors:

o Legislators. whosc interests and concerns may vary with regards to the impact of climate change
mitigation policics on their constituents. including state citizens and other representatives from the
various cconomic scctors that produce ¢missions:

o [Iederal agencies. cspecially those whose ficld programs in statcs may be affected. as well as those
that provide grant monics. other funding. or tcchnical assistance supporting states' climate change
programs.

7.3 POLITICAL CONSIDERATIONS IN PROGRAM DEVELOPMENT

Political feasibilitv may be onc of the foremost cniteria for policy sclection and program
structuring. In some circumstances political controversy has inhibited aspects of state-level program
development while. in other situations. deliberate planning around political issucs scems to have
strengthened program design.  States may want to think strategically about how to structure programs in
ordcer to draw input from the various important actors while minimizing unneccessary political
confrontation.

Political controversy in this ficld frequently stems from the multi-sector. long-term. and
scientifically and cconomically complex nature of climate change issucs. In this context. many of the
important actors listed above may sce their interests threatened and become concemed about government
action. This frecquently includes individual citizens and their clected representatives who are awarc that
these emission reduction policics can significantly impact peoples' lifestyvles. Public interest groups.
utilitics. industry. statc legislators. and various statc agencics may share certain perspectives and disagree
on others. These perspectives may also vary between initial policy planning. program implementation. and
ongoing program administration.

While interactions between the varous important actors will result in different political dynamics
in ¢cvery distinet situation. recent state expericnces highlight three consistent topics that states with new or
changing programs may want to consider. Statcs may want to investigate how they can develop programs
and processcs that foster broad-based political support. how they can use particular policies stratcgically
within the time frames of program development. and how they can plan and utilize legislative and exceutive
actions stratcgicallyv. when fcasible. In addition to summarizing these issucs below. discussions throughout
the rest of this chapter reflect these tvpes of political complexitics and wavs states might deal with them.



7.3.1 Developing Programs and Processes that Foster Broad-Based Political Support

Because so many distinct tvpes of actors have an interest in and influence over climate change
policy formulation. programs without broad-bascd support may have difficulty building the momentum
nccessary to initiate emission reduction policics. Furthermore. climate change mitigation cfforts often
depend not only on fostering cnough political support to initiatc programs. but also on continuing support
and action to carrv out program objectives. For example. statcs may need direct action by private sector
actors to assist in actual cmissions reductions: support from citizens groups to communicate with different
scctors of the general public: and data and skills from various agencics to complete complex analvses. For
these reasons. any program planning that excludes or offends important actors can potentially lcad these
actors to inhibit program development. cither through direct political confrontation or by withholding
analvtic. enforcement. and other institutional resources.

At the same time. statcs mayv encounter organizational and administrative problems if they
incorporatc too many tangentiallv connected actors into planning and implementation processes. Some
statcs have indicated that. because of the broad nature of this issuc. groups with diverse interests
marginally related to climate change have sought to become involved in state planning processes. While
their political support may be valuable. states should carcfully weigh this against additional burdens that
might arisc from incorporating distinct actors with agendas bevond the purview of the state's vision of
climate change policy formulation.

7.3.2  Using Policies Strategically Within the Time Frames of Program Development

Ncar-. mid-. or long-range policy critcria may include requirements that some policics help bolster
a program's political strength in addition to directly affecting greenhouse gas cmissions. For example.
policics can be designed to demonstrate success and win broad bascd support immediately. Alternatively.
they can foster the support of specific actors through other mechanisms in the immediate or longer terms.

Examplcs of policics that may strengthen overall program support immediately include projects
with highly visible results that rcadily demonstrate net benefits to the state while reducing greenhouse gas
cmissions. For example. aggressive programs that quickly demonstrate the benefits of residential and
commercial energy-cfficicncy efforts or methane processing at landfill sites can encourage citizen groups.
politicians. and industrics to support statc climatc change mitigation cfforts. These projects emphasize
quick success in order to build constitucncics and conscnsus.

States may also find it valuable politically to develop projects advocated by specific citizen or
industry groups. Inclusion of such projects may help win the support of these groups for the entire climate
change program. while the magnitude of their immediate and direct cffects on emissions may vary. Urban
tree planting programs. advocated by citizen groups. for example. may have a minimal impact on
cmissions. but they serve to include these important groups in the policy planning process immediately.
This can help gencrate public awareness of climate change issucs. and sct a precedent for state or local
action to address this topic. However. it is important that states avoid diffusing the momentum behind
broadcr climate change program development by casting these projects as initial steps towards addressing
this critical issuc. not as ncar- or long-range solutions in and of themselves.

Other policics or projects may not generate immediate political support but can be designed to do
so as they evolve over the longer term. For example. states may design public relations programs that
publicize annual or bi-annual achicvements towards reaching some presct cmissions reduction goal and
highlight the cconomic scctors or specific outstanding actors that have contributed. Altematively. state
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policyv-makers may write provisions into their initial State Action Plan to help cnsure that new projects
designed around political criteria. among other factors. arc implemented cvery vear or two.

7.3.3 Utilizing Legislative and Executive Action Strategically when Feasible

The tvpe of political authorization programs reccive can significantly influence how these
programs develop. For example. legislative mandates can help circumvent some potentially destructive
controversics over policy formulation. while exceutive directives in many situations permit quicker and
more independent performance by agencics. With careful planning. states may accrue additional bencfits
and avoid particular detriments related to differences between these two modes of program authorization.
Statcs should recognize these among other motives for determining how to approach potentially
controversial issucs.

Orcgon and Califoia's cxperience in sctting quantitative programs goals highlights this point:
Orcgon has produced a quantitative goal while California has not. Orcgon's quantitative greenhousc gas
cmission target was sct by the legislature (Orcgon. 1990). This fact scems to have helped minimize the
political controversy and amount of state resources needed to assist in goal sctting. On the other hand. the
Califomnia Encrgy Commission has addressed goal sctting in a public forum and has expericnced high levels
of controversy on this unresolved issue (CEC. 1991). While California has achicved other extremely
important objcctives through the public forum process. the impassc in this casc illustrates how political
controversy may affcct the results of dealing with certain issucs through a particular approach.

7.4 COORDINATING CLIMATE CHANGE PROGRAMS: INTERACTION BETWEEN
AGENCIES

Climate change mitigation policics across all time frames are likely to require coordination among
various statc agencics. as well as between states and federal and local governments.  In the initial phascs of
program development. high levels of interaction will help states address the multi-sector nature of this issuc
by strengthening program comprehensivencss across scctors. gamering broad-based political support. and
tapping all availablc resources for analvzing and addressing greenhouse gas ecmissions. In addition to
facilitating and promoting the initial phascs of program design. ongoing coordination between agencies will
help facilitate program cvolution and dyvnamic responses to changing climate change and policy
circumstances in the future.

Many current and recent state actions to address climate change illustrate the value of interagency
coordination from the outsct and provide potential models for structuring such intcraction. For example.
Missouri. California. South Carolina and others have taken deliberate exccutive or legislative action to
coordinate programs between agencics in this ficld. The sections below provide additional information and
idcas on statc partnerships. federal and local partnerships. and procedures for coordinating intcragency
action. It also highlights potential benefits and drawbacks lcamed through various ¢xperiences.

7.4.1 Partnerships Between State Agencies

To be cffective. program design. evaluation. and implementation must incorporate the various
govermnment agencics that retain policy jurisdiction and analytic capacity regarding these numerous scctors.
Initial program design may also benefit from involving state tax and legal agencies. Integration of various
state agencics into the climate change policy planning process may:



Lnhance program planning and analytic efficiency. Drawing on cach agency's expertise and
analvtic strengths. integrated climate change programs can usc the state's current resources
cfficiently and heighten the program impact. This may include relving on staff in certain agencics
to analvze topics within their jurisdiction. like transportation or agriculturc. and it may also involve
cmploving the analvtic capacitics of various agencics to heighten program cfficiency. like utilizing
an cnergy office's forecasting skills. In these ways. pooling the substantive and analyvtic knowledge
of climatc change program planncrs cfficiently draws on current state resources and helps ensure
comprchensive climate change mitigation programs.

Avoid program duplication between agencies working on similar or related issues. With carcful
coordination. agencics may complement rather than duplicate or damagg cach other's efforts.

Foster a strong political base. As noted in the previous section. voluntary consensus on policics
among th¢ important actors. including statc agencics with jurisdiction in the various scctors.
strengthens climate change programs significantly.

Support strong liaison with industry and citizen groups in cach sector. Where appropriatc. new
climate change programs can utilize and perhaps strengthen the tics that state agencics in diverse
scctors alrcady have with their constituents. instcad of duplicating cfforts by building the same
liaisons and working rclationships from the beginning.

Improve cach agency's existing programs and administrative capaciry. Tving climate change
issucs to existing programs may cnhance the analvtic or political legitimacy of climate change-
rclated programs. For cxample. strategics aimed at reducing cmissions of N>O through the
rcduction of nitrogen fertilizer use may consider tving this objective to existing and planncd
groundwater protcction programs that stress the need to reduce fertilizer use. Similarly. the threat
of climatc change may provide additional reasons for cstablishing or enhancing reforestation
programs and improving and expanding cnergy-cfficicncy or mass transit. This is the core of the
"no-regrets” approach introduced in Chapter 4.

Help prepare agencies for future policy developments. Individual agencies that are involved in
program planning may better anticipate how climate change issucs will affect them in the longer
term. For cxample. state agencics participating in climate change program planning may gain a
broader undcerstanding of how intemational and national actions. as well as ¢ventual climatic
changges. arc likely to affect their arcas of jurisdiction.

Exhibit 7-1 provides onc example of coordination between state agencics that supports greenhouse

gas ¢mission reductions.,

7.4.2 Interaction With Federal and Local Agencies

Closc liaison with other levels of govermment can also enhance state climate change mitigation

cfforts. Dcliberate linking with federal and with local initiatives can strengthen a program's cffectivencss in
many ways. For example. in addition to broadening the program's political base. intcraction mayv provide

access to additional skills and other resources that programs can draw upon and may help facilitate

productive program intcraction in arcas where jurisdictions overlap. such as the transportation. buildings.

and land usc scctors.
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Exhibit 7-1: The lowa Agricultural Energy Environmental Initiative

Summary: The lowa Agricultural Encrgy Environmental Initiative is a consortium of federal. state. and local
agencics and institutions organizcd to implement an array of projects focused on pollution prevention in
agriculturc. The Initiative is predicated on the belief that integrated and innovative policy models arc
required to deal with broad-rcaching cnvironmental issucs. [t insists that agencics cannot work at cross
purposcs. and that sharcd resources and expertise can provide better results than individual cfforts. The
consortium's goal of "accclerating the adoption of improved farm management practices that reduce the
cnvironmental impacts of lowa agriculture. reducce consumption of non-rencwable energy resources. and
cnhance the cfficiency and probability of farm management” is implemented through demonstration.
cducation. and rescarch programs. Major parts of this program include the Big Spring Basin Demonstration
Project (reducing the usc of nitrogen fertilizer). the Integrated Farm Management Demonstration Project
(nitrogen management and crop consulting). and the Modcl Farms Demonstration Project (management of
farm resources). While not its explicit purposc. this program reduces greenhouse gas cmissions by
promoting cnergy cfficicncy on farms and by reducing nitrogen fertilizer consumption. which dircctly lowers
nitrous oxide cmissions and indircctly lowers carbon dioxide cmissions at the encrgy-intensive plants that
producc the fertilizers.,

Organization: The Agricultural Energy Environmental Initiative developed through an carlicr coalition of
groups which convened in the carly 1980s to tackle groundwater problems. The initiative operates on three
fundamental principles: (1) Intecragency coordination consumcs time and encrgy. and therefore depends on a
nuclcus of dedicated. willing participants: (2) Conscnsus on all issucs is an impossible goal. but a basic
conscnsus on program dircctions is necessary: and (3) Ageney goals or personal cgos must at times be
sacrificed for group success. The Initiative began by identifving potential participants in the coalition and
the problems. needs. and relevant authoritics involved in this issuc. With cach participant's agenda and
potential contributions defined. key individuals help apportion human and monctary resources towards
projccts that arc valucd by the entirc coalition. The primary responsibilitics of the Initiative have
traditionally rested with the Iowa Department of Natural Resources. although there is no official lcad agency.
Similarly. the coalition has no explicit structure. although there are formal working agreements for cach
projcct. Projects. after being designed. arc fit into various agencics' existing programs in order to achicve
maximum implementation ¢fficicncy and maximum integration into mainstrcam agency programming,
Mecmber groups include: lowa Department of Agriculturc and Land Stewardship. lowa Dcpartment of
Natural Resources. USDA - Soil Conservation Service. Agricultural Stabilization and Conservation Scervice.
Agricultural Rescarch Service. US EPA Region VII. lowa Statc University. the Leopold Center for
Sustainable Agriculture. the University of lowa. lowa Soil and Water Conscrvation Districts. the Practical
Farmcrs of lowa. and other private intcrest groups.

Programs: The Initiative crcates pilot programs that local authoritics or private farms can adopt as public
scctor cnterpriscs or private businesscs. Prior to project implementation. sociological and farm management
surveys arc conducted in order to ascertain current practices. problems. and willingness and ability of
impacted individuals to contribute. Additionally. the program calls for a structured feedback loop from the
local level. This loop allows for continual adjustments and corrections based on what is happening where the
project is being implemented. and helps gencrate grassroots support and commitment. A final requircment is
long-term feasibility. based on project transferability criteria. Some demonstration projects integratc and
support agribusiness in order to ecnhance long term process and technology adoption. Oncc a project is
formatted. aggressive marketing gencrates widespread visibility. and an information delivery plan promotcs
cxpansion of impacts bevond those directly involved.

In addition to the potential dircct bencfits from interacting with federal and local agencics. states
possess a unique opportunity to encourage the other levels of government to act on the climate change
issuc. For example. state action and pressure may set precedents for national policyv-making. and
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innovative statc programs can provide incentives for citics and localitics to design their standard — policics
to help reduce greenhouse gas cmissions.

Liaison with the federal government may be particularly helpful in terms of accessing grant monics
and other forms of program financing. cnlisting technical support. facilitating arcas of overlapping
Jjurisdiction. and mitigating or sctting the context for potential future federal regulatory or other action on
this issuc. This tvpe of coordination is cspecially relevant. for example. in arcas such as transportation
policy design. cnergy efficiency regulation on appliances. and clectric utility regulation. In these arcas the
federal government has taken certain actions that in part preempt what states can do and in part require or
cmpower states to perform other functions.

7.4.3 Structuring Partnerships/Program Coordination and Administration

It is often valuable for onc agency. or some other officially designated government body. to
maintain responsibility for program coordination. As illustrated below. this may be an existing agency. a
specially designated task foree. or some other central organizing unit. By providing a central focal point
for the various important actors. as well as a central record-keeping and administrative unit. this tvpe of
structurc may help circumvent coordination and authority problems. Somg statcs report that lack of a
formally designated. centrally responsible agency undermines any agencics who do trv to act in this arca.
cven if they are instructed to do so by exccutive or legislative action.

States involved in climate change policy: formulation have dealt with this issuc in several ways.
For example. South Carolina incorporates two intcragency feedback loops into their program structure.
First. they involve agency heads in program planning and development. Sccond. they solicit input from
program managers and others who are responsible for actually implementing and administering policics.
Exhibit 7-2 presents examples of how various states have approached program coordination with regards to
climate change.

Statc policv-makers have also suggested that it is valuable to develop a mechanism for monitoring
recent changes in the understanding of climate change mitigation from scicntific. cconomic. and policy
perspectives. This may involve recruiting scientists or university staff who are knowledgceable about
grcenhousce gascs and related issues within a particular state for program planning cfforts. Monitoring may
also involve cfforts to keep abreast of current literature and attend professional and academic conferences
on this topic.

7.5 CLIMATE CHANGE PROGRAM FINANCING

While this document docs not provide comprehensive guidance in program financing,. this topic
may influence program structure in various ways. For example. sources of available financing can
sometimes dictate the direction that new programs adopt. With this consideration in mind. financing
mcchanisms should closcly correlate with pre-detcrmined program objectives and capabilitics during the
phascs of initial program development. program implementation. and ongoing program administration.
Similarly. financing mechanisms may change in the transition between near-. mid-. and long-range cmission
reduction measures. In general. it may be helpful to separate financing mechanisms into three categorics:

o [Iinancing through Ixisting Revenue Sources. This may involve direet budget allocations for climate
change mitigation activitics or inclusion of climate change mitigation programs under the jurisdiction
and purview of an cxisting agency. The latter approach may be appropriate in the many situations
where greenhouse gas emission reduction and other policy goals overlap. such as in transportation and
cnergy planning. ground water protection. and wildlifc or habitat prescrvation.
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Exhibit 7-2: Examples of State Approaches to Program Coordination

South Carolina: South Carolina issucd an exccutive order that authorizcs the State Water Resources Board to
administer a climate change task force. This task force is ticd to the governor's office and state legislative
commitices. and makes recommendations on climate change issucs to both branches of government. Its
mcmbership is drawn from public and private scctor groups. including utilitics and citizen organizations. It is
structured around working groups that focus on the various cconomic scctors impacted by climate change. The
Statc Water Resources Board. as the administrative agency. helps ensure broad bascd participation and
maintains centralized contact and coordination with all participants.

Missouri: Missouri has cstablished two scparatc bodics charged with rescarching and recommending state
action on cnergy futures issucs. The first is the Encrgy Futures Coalition. a broad bascd. governor appointed
body that cxaminges the impact of energy issucs on topics such as cconomic development and state employment.
The sccond is the Energy Futures Stecring Commiittee. an intcrageney task force formed by the state Division of
Encrgy to cxaminge cnergy cfficiency issucs.

Orcgon: In 1990, the Orcgon legislature dirccted the state's Department of Encrgy (ODOE) to chair a 12-
ageney task force to analvze the potential impact of global warming in Orcgon and make rccommendations on
how statc agencics should respond to the threat. In 1991, the legislature further directed ODOE to prepare a
stratcgy to reducc greenhouse gas cmissions to a level 20 percent below 1988 levels by 2005, This target level
of cmission reductions did not represent a formal state goal. but it did provide a focal point around which state
agencics could analyvze climate change issucs. The strategy resulting from this work was presented as a study.
not as an actual implementation plan. In 1992, the Orcgon Progress Board. a public-private steering committee
chaired by the Govemor. adopted a formal benchmark to stabilize carbon dioxide cmissions at 1990 levels by
1995. Finally. Orcgon's Fifth Bicnnial Encrgy Plan. produced in May of 1993. dirccts ODOE to develop a plan
to keep Oregon's carbon dioxide emissions at the 1990 levels. The plan will be a specific strategy to achicve
the carbon dioxide benchmark. Stabilizing carbon dioxide cmissions will then be one of the guiding clements
of the Sixth Biennial Encrgy Plan. which is duc in 1995, In conjunction with these cfforts. ODOE coordinatcs
working group scssions with participation from throughout the public and private scctors: these working groups
study substantive issucs such as utility impact. pctrolcum fucls. CFCs. and other important topics.

California: Legislation established the California Encrgy Commission (CEC) as the lcad agency in a multi-
agency study examining climate change issucs and required the CEC to produce a climate change policy report.
The initial phascs of California action in this arca arc focuscd on rescarch and information gathering and
disscmination. California has vct to produce an actual strategic policy plan. however. The legislation dirccting
CEC to act on this issuc cstablished specific topics and cconomic scctors to be analyzed and mandated that
other specific state agencics be involved. CEC cexpanded the agency list and adopted a public climate change
forum for analy~ing all aspects of this issuc. The statc governor also issucd an additional dircctive. without
timelines or other guidance. for CEC to examine potential CO) cmission reduction goals.

Developing New or Dedicated Revenue Sources. This often entails innovative financing schemes.
including thosc that raisc moncy through fces or taxes that help discourage greenhouse gas cmissions.,
Approaches in this arca may include "green fees” and other charge systems. dedicated utility taxes or
charges. original private scctor capital development programs. or other innovative financing. Examples
of this general tyvpe of financing scheme include carbon and cnergy taxes that discourage fucl
consumption. landfill fees that indirectly help mitigate methane emissions. and permit fees required for
timber harvest.
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Revenue from Ixternal Sources. This includes federal technical support and moncy from federal grant
programs. Similar to intra-statc policy overlap with existing programs. as described above. greenhouse
gas cmission reduction policics may fall under the domain of existing federal programs. For example.
sources with potential climate change applications include U.S. Department of Encrgy funds allocated
to improving cnergy cfficiency. U.S. Department of Agriculture funds allocated to improving fertilizer
application and management. and U.S. Environmental Protection Agency funds allocated to enforcing
the Clean Air Act.



CHAPTER 8
ANALYZING POLICY OPTIONS

Climatc change analvsis requires choosing strategics that cffectively balance trade-offs between
potentially competing goals in a politically charged environment that is also fraught with technical.
scicntific. and cconomic uncertaintics. Central to devising an cffective climate change strategy. therefore.
is a nced for rescarchers to present clear. concise. and relevant information to policy makers. Policy-
makers. then. require a framework that allows them to choose among alternative policics. and to compile a
coordinated strategy for achicving greenhouse gas (GHG) ecmissions reductions. The resulting strategy
should not only mect overall goals. but should also combine policy options. that arc themselves acceptable.

Consistent with this perspective on climate change policy analyvsis. this chapter is intended to lend
somg¢ initial structure to the extremely difficult task of analvzing policics in this ficld. by illustrating some
of the concepts and ideas that may help states develop their programs. The information in this chapter
provides only the starting point for a climate change analyvsis. The first scction establishes a basic
framework that considers cach policy option in light of the issucs that arc most important to cach individual
statc. This scction is followed by three scctions that discuss how states can analvze and consider the
benefits. costs. and other impacts of policy options. Scction 8.5 highlights analvtical complexitics and
fundamental social assumptions that statc policv-makers will need to address. Finally. the last two scctions
introduce some of the methodologics or decision tools states might consider using to conduct analvscs.
presenting both theoretical approaches and specific models and tools that have been developed to address
climatc change issucs.

8.1 ESTABLISHING A CONSISTENT FRAMEWORK FOR POLICY ANALYSIS

A policy analyvsis framework can provide a consistent Iens through which policv-makers can
c¢xaming all policics. Without such a framework. it can be difficult to comparc and asscss potential climate
change mitigation policics that affect diverse and unrelated scctors of socicty over broad time frames. This
scction describes a basic structure policy-makers can usc for comprehensive and consistent policy analyvsis.
Statcs may choose to proceed in a less formal manner than this framework suggests: the information
presented here is meant to highlight the most important considerations in climate change policy analyvsis and
to offcr some tools that can be used to help structure this issuc.

8.1.1  Structure of the Policy Analysis Framework

Any framework for evaluating climate change mitigation policics should help decision makers link
thosc policics to a state's goals and prioritics. Onc cstablished approach for structuring this framework is
to consider cach policy option in relation to a sct of explicit evaluation critena. If those critera are rooted
in the state's fundamental goals and prioritics. this structurc will provide a link to the state's most important
objectives. Chapter 4. Istablishing Lmission Reduction Program Goals and Evaluative Criteria.
¢xamings the process of sctting goals and criteria in detail. By fostering comparison of policics on a
uniform basis. this approach also helps policv-makers assess the relative strengths and weaknessces of the
alternatives in a consistent manner. and can highlight arcas where further rescarch or analyvsis is needed.
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Onc analvtical mechanism policv-makers can usc is a matrix that lists the sct of criteria along the
top and policy options down the side. The matnx can then be used to indicate how cach policy option
ranks under cach critcrion. Exhibit 8-1 presents a sample matrix in this format.

analvscs.

Exhibit 8-1: Sample Policy-Criteria Matrix

The sample criteria. policics. and other data presented in this box illustrate how a policyv-critcria matrix can be
constructed to help frame the climate change issuc and clarify tradeoffs between policy options. Entrics in cach
ccll typically provide a bricf summary of the performance of a single option with respect to the indicated criterion.
Entrics mayv rcpresent the result of sophisticated engineering or cconomic rescarch or may result from more
informal and subjcctive judgment. The sample data presented here do not represent the results of actual policy

Criteria

Policics

Emission Reductions
(Tons of carbon-
cquivalent cmissions
annually)

Private Scctor Costs
(Normalizcd to basc
vear using 7%
discount ratcs)

Social Equity Ranking

(1 =low. 5 = high)

Existing Institutional
Capacity

(X = ves: blank = no)

Mcthanc Recovery

Technology 58.4 $0 4 X
Dcmonstration (medium-high)

Mcthanc Emissions 123.0 $985.000 3

Tax (mcdium)

Alternative Fuel Tax 456.9 $43.000 1 X
Subsidy (low)

The tvpe and level of information used to relate cach policy option to cach criterion. indicated in
the cclls or boxes in the matrix. facilitates not only assessing of the policy in light of state goals and
prioritics. but also ¢xamining the tradcoffs between different policy options. For this reason. it is critical to
usc the same unit of measurement to cvaluate onc criterion as it relates to all policics. For example.
cmission reductions from all the various greenhouse gas sources (for example. methane from landfills.
nitrous oxides from fertilizer use. carbon dioxide from clectricity generation) can be converted to a common
scalc. such as million kilograms of CO2-cquivalent. using the global warming potential concept:' such
conversions will facilitate cross-policy asscssments of emission reduction potential.

The units of measurement may vary significantlv among the different criteria and may be
quantitative or qualitative. If precise quantitative data are unavailable or inappropriate. policy analvsts
may be able to create a relative scale for ranking policics against criteria: this may involve simply
classifving policics on a criterion as high. medium. or low. or it may mean developing a ranking svstem that
utilizes some numerical scale. In other situations. simply acknowledging that a policy meets a certain
critcria may prove valuable: in the policy matrix. it means entering an "X" in various cclls.

8.1.2

Application of the Policy Analysis Framework

' Global Warming Potcntial is discussed in morce detail in Chapter 2. It is important to note that this scale is not
precisc and that it is the current subject of some controversy becausc of debates over approaches to integrating the
lifecyvcle cffects of carbon dioxidc.
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The framework presented here provides a starting point for analvzing policy options. Depending
on circumstances. policy-makers may need to modify: the framework during the analvsis process. Three
particular issucs may require restructuring the framework. These include: 1) the need to develop
groupings of policics that ar¢ ¢valuated together in order to maximize benefits or avoid conflicts from
intcraction between options: 2) to iterate or incorporate new data during the cvaluation process: and 3) to
consider time frame issucs within the framework. Each of these issucs is discussed below.

Policy Packages or Multi-Option Strategies

The basic policy analvtic framework can be used not only to cvaluate individual policy options. but
also combinations of options. The matrix structure casily facilitates this analvsis. with policy packages or
stratcgics listed down the side rather than single policy options. Statcs may wish to consider various policy
"packages." which combinc options that together reflect a particular strategy. In this way. policy-makers
can c¢valuate the pros and cons of various potential stratcgics or broad approaches in relation to a constant
sct of cvaluative criteria.

This tvpe of packaging could be relevant when climate change programs arc expected to be
comprehensive across multiple scctors of society or when a wide array of policy options arc being
considered for other reasons. States may wish to evaluate a variety of policy combinations. for example.
that arc designed to encourage both demand side and supply side emission reductions in the ¢nergy scctor
and to promotc alternative fucl usc at the same time.  Packaging can also facilitatc comparisons of overall
stratcgics that target different scctors or strategics that start with the goal of complementarity with other
statc objectives and programs.

lreration During Program Development

The optimal combination of policics or the best approach for analvzing options mayv not be
apparent at the outsct of climate change program planning. Not only may new scientific or cconomic
information develop. but the process of evaluating alternative policies may itsclf generate new or additional
information that should be folded back into the policy analvsis. For example. if in the process of cvaluating
a statc's initial list of potential greenhousce gas reduction policics. policy-makers discover unanticipated
conflicts between various options. or if political transitions shift the importance of some critena relative to
others. then policy-makers may want to reformulate their approach. develop new options. and conduct the
cvaluation again.

Time Frame Considerations in the Policy Analytic Framework

Policics can achieve benefits or incur costs in the near-. mid-. or long-term. The timing of policy
outcomes (i.c.. benefits. costs. and other impacts) should be clear during policy evaluation so that policy-
makers can consider how policics and their impacts may overlap in the future. cither in terms of achicving
dircct emission reductions. gencrating political support. or fostering other inter-temporal results. One
option is to conduct scparate analyscs for cach time frame. Chapter 7 discusscs time frame issucs in more
detail and highlights how some policics may in fact be designed in one time frame specifically to foster
benefits in another.

Within the matrix format. considering time frame issucs may mean sub-dividing relevant criteria
into ncar-. mid-. and long-tcrm columns so that the relative impact of cach policy within cach time frame
can be evaluated and illustrated. This reflects one aspect of climate change that mayv complicate the
analysis but also significantly ¢cnhance the information presented. This is especially true with respect to



policy goals or objectives that cross time frames. as mentioned above. and mayv aid in generating high levels
of political support in the near term to build consensus for future program cxpansion.

8.2 ESTIMATING BENEFITS

Whether implicitly or explicitly. policv-makers often trv to gauge the social benefits and costs of
alternative policics and then pursuc those options that offer the highest net benefits. In the case of climate
change. quantitative benefit analvsis is extremely difficult. because so few of the physical impacts have
been quantified at the state level. and even fewer have been monctized. For example. most analvsts would
agree that quantifving and monctizing all the impacts of sca level rise and climatic influences on
agnicultural svstems. water resources. or biodiversity is bevond current technical and analyvtic capacity 2
Accordingly. it is impossiblc to measure in standard cconomic terms the value or bencfits of preventative

Exhibit 8-2: Complications in Estimating Benefits

Unccrtainty surrounds many aspects of climate change. including;

e  The magnitude of global average change in temperature. precipitation. and sca level risc:
¢ Rcgional projcctions of temperaturc change. precipitation. and soil moisture:

e The timing of changes in climate and rclated variables. such as sca level rise:

e  The potential of commcercially managed systems. such as agriculturc and forestry. to adapt:

e  The responsc of unmanaged ccosystems. including terrestrial and marine vegetation and animal
specics. to climate change:

e Impacts of climate change on other scctors. such as water resources. coastal wetlands. human health.
and cnergy supply and demand: and

e  The valuce to the public of mitigating these potential impacts.

policics. Exhibit 8-2 summarizes some of the complications surrounding analvsis of the bencfits of climate
change mitigation policics.

This docs not mean. of coursc. that it is not worth taking ¢xtensive action to mitigate these
potential threats. In fact. many policy-makers belicve that the foremost public benefit of greenhousc gas
cmissions reduction policics is to guard against the possibility of devastating impacts to the carth. In this
scnse. emissions reduction policics become an important insurance mechanism for the states. the nation.
and the world. and they are a measure of our socicty's willingness to pay to prevent or ameliorate the
impacts of climatc change.

Three primary catcgorics of benefits are somewhat more tangible and measurable. and thus more
practical to usc in policy planning and analvsis. The remainder of this scction discusses these categorics.
while Scctions 8.5 and 8.6 provide more information on comparing costs and bencfits of various options.

* EPA is conducting cxtensive rescarch on the benefits of climate change mitigation and on altcrnative frameworks
for dcaling with the uncertaintics surrounding this issuc.
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The three categorics outlined below include use of greenhouse gas ecmissions reductions as a proxy for the
benefits of mitigating climate change. considering ancillany benefits of emissions reduction policics. and
considering political and organizational benefits of addressing climate change.

8.2.1 Using Greenhouse Gas Emissions Reductions as a Proxy for the Benefits of Mitigating
Climate Change

Estimating how policics affect greenhouse gas emissions is the most direct way to judge their role
in mitigating the threats of climate change. Essentially. greater benefits come with larger cmissions
reductions. While cven estimating a policy's actual level of emissions reductions is not a simple process. it
providcs a basic structure for comparing the climate change mitigation potential of various policics.

The basic process for estimating a policy's probable cffect on greenhouse gas emissions anticipates
how implementing the policy will change the cquations used to calculate emissions from cach greenhouse
gas sourcc. These can be changes in the magnitude of the independent variables that drive those
calculations or changes in the fundamental structure of the actual cquations. Chapter 3. Measuring and
Forecasting Greenhouse Gas I-missions. examines these issues in detail and provides examples of their
application.

To comparc emission reductions achicved by different policics. the cffect on warming of different
greenhouse gascs is evaluated on a common scale. For example. equal reductions in carbon dioxide and
mcthane will have significantly different impacts on global warming. As Chapter 2 discusscs. the
Intemational Pancl on Climate Change has cstablished a common mcasure. called Global Warming
Potential (GWP). for comparing the relative impact of the varnous greenhouse gases. Although there exists
some controversy as to the accuracy of GWP cstimates at the current time. this scale is widely used by
climate change analyvsts to measure the relative benefits of different emission reduction policy options. In
the policy analvtic framework. numbers representing emissions reductions for diverse policy options can
then be presented and compared. In some cases. estimating the benefits of a greenhouse gas reduction
stratcgy requires a more complex analyvsis. as illustrated in Exhibit 8-3.

8.2.2 Considering the Ancillary Environmental and Social Benefits of Emissions Reduction
Policies

In addition to helping mitigate global climate change. reducing greenhouse gas emissions can
providc other bencfits. Policics to reduce greenhouse gas cmissions from automobiles and clectric utilitics.
for cxample. can improve air and water quality. with positive conscquences for human health and natural
svstems. Similarly. policics to improve residential. commercial. and industrial encrgy cfficicncy can reduce
costs and stimulatc cconomic growth and competitiveness. Policics to recyvele or reuse waste products can
rcduce greenhouse gas emissions and simultancously reducc the need for costly municipal solid waste
disposal.

In somg casces. these bencfits can outweigh the costs of policics designed to reduce greenhouse gas
cmissions. These approaches are often the most attractive options in the carly phascs of climate change
program design. when program financing and political support may be low or tentative. It is important.
however. that states not rely solcly on these types of policics since most data indicate the total cmissions
rcductions they can achicve. if implemented throughout the country. would not be cnough to rcach most
climate change mitigation goals. Chapter 7 discusscs the favorable and unfavorable political and
organizational aspects of these types of approaches in more detail.



Exhibit 8-3: Determining the Value of Manure

When choosing between alternative policics. it may be important to quantify the benefits of a
particular mitigation option before a decision can be rcached. For example. using the manure from
livestock. a farm can reduce its fertilizer consumption and associated greenhouse gas cmissions. However.
thosc benefits can be difficult to use to comparce policy options unless they arc quantified into a common unit
of mcasurcment.

Along thesce lines. the Soil and Plant Analysis Lab of the University of Wisconsin and the Arlington
Agricultural Rescarch Service (ARS) have developed a five-step method for determining the nutrient valuc
of manurc.

1) Dectermine the manure load size (volume): For a level box-cnd sprecader. multiply the box length.
the box width. and wall height together. If the load is heaped. multiply these factors by the total manurc
height divided by the side wall height.

2) Determine the manure density: Weigh a 5-gallon bucket of manure to obtain the manure density
(weight/volume). Convert density to pounds per cubic foot.

3) Dectermine load weight: Multiply the load sizc (step 1) by the manure density (step 2).

4) Dectermine the pounds of nutricnts per load: Multiply the load weight by the pounds of nutricnt per
ton of manure (which varics by animal tvpe). bascd on valucs available from ARS.

5) Decterminge the total amount of nutrients spread per ficld or per acre: To determine the amount per
ficld. multiply the pounds of nutrient per load (step 4) by the number of loads per ficld. Divide this number
by the number of acres per ficld to get the nutrients spread per acre.

This mcthod allows for a direct comparison between the manure and the amount of commercial
fertilizer rccommended. Thus. the estimated manure valuc can be used by policy makers in any calculatons
nccessary for cvaluating this particular option.

Mcasuring and comparing diverse tyvpes of bencfits across policy options can be difficult. One
approach is to assess these benefits in terms of how they will reduce current and future costs for socicty.
This may mean cstimating cost savings dircctly for factors such as improved energy efficiency or reduced
fertilizer consumption. Alternatively. it may mean cstimating avoided costs of remediation or replacement.
The benefits of enacting policics to prevent pollution of a water system. for example. can

be measured as the avoided cost of future clean up of that water svstem and the surrounding environment.
Similarly. the benefits of reducing wastes can be measured as the avoided cost of depositing those wastes in
landfills.

In other casces. however. socicty would not have chosen to remediate all damaggs or replace all lost
services. Some bencfits. for example. such as reduced emissions of air pollutants covered by the (ean Air
Act. might not have occurred otherwise. In this case. the benefits are the improvements in human health.
visibility. acsthetics. and ccosvstem health that result. There are a wide array of analvtic and cconomic
tcchniques that policv-makers can draw from to conduct these benefit calculations.  Extensive information
on these topics is available in natural resource and environmental cconomics literature and other current
literaturc. Topical litcrature assigns monctary or other quantitative valucs to potential benefits and costs.
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However. monctizing certain kinds of bencfits of climate change measures. such as ccosystem damage. is
subjcct to considerable analyvtical uncertainty and often political controversy,

8.2.3 Considering the Political and Institutional Benefits of Addressing Climate Change

Some states have indicated that there can be substantial political and institutional bencfits to
initiating climate change mitigation programs and pursuing cmissions reduction policics. Exhibit 2-3 in
Chapter 2 reflects the positive attitudes of many states toward this issuc. These benefits may include:

e public visibility as a proactive government on this issuc. which may enhance the national and
international image of the state. sct precedents for national action. and inspire other state and national
govemments to act:

o receiving special assistance. such as receiving program support from EPA for developing climate
change mitigation programs or receiving targeted aid or technical assistance for particular programs
from other national and intcmational organizations:

o helping the United States meet national goals and fulfill interational obligations. which can be
accomplished only if states take strong action: and

o preparing for the future by developing the foundation for programs that are likely to grow in
importance over time.

As always. these and other potential benefits are only relevant relative to a state's particular goals
and prioritics. Each statc must dctcrmine which factors arc important to pursuc.

8.3 ESTIMATING COSTS

Most policics encompass a range of associated costs. These include. for example. the government's
costs for designing. implementing. and enforcing new policics. private scctor costs linked to changes in
production practiccs or compliance with new regulations. and costs to citizens in the form of higher prices
for consumcer goods or morc time spent on activitics such as recyveling wastes. This scction provides an
introductory outlin¢e of how statcs might account for these costs during climate change policy analvsis.

It is important first to distinguish the total cost of a policy option from its incremental cost. Most
cconomists would agree that incremental costs are the appropriate focus of a cost-bencfit analysis. although
total costs can be important from an institutional or political perspective. Incremental costs are defined as
costs that arc the dircct result of adopting the particular policy under consideration. Incremental costs can
be determined by conceiving of a "bascling” scenario that reflects cvents likely to occur in the absence of a
policy change and comparing it to a "policy scenario” that incorporatces the likely outcome of the policy
option. The diffcrence in costs under these two scenarios reflects the incremental cost.

The incremental costs associated with climate change mitigation policics arc those cxpenditurcs by
individuals or organizations that would not have occurred if the policy had not been implemented. For
cxample. public or private sector recordkeeping activitics that would have been undertaken with existing
rcsources should nof be included in cconomic cost calculations. However. if the time and ¢ffort dedicated
to new activitics does prevent workers from carrving out tasks they used to conduct. then there is a social
cost involved.
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The purchase of new emissions-control cquipment by industry. for example. often represents
cxpenditures that would not have occurred without government regulation. and is an incremental cost of
that regulation. Similarly. the amount of money the govemment spends designing. implementing. and
cnforcing that regulation is an incremental cost. These are the costs that policy-makers must consider when
cvaluating the social welfare implications of different policy options.

Economists distinguish between social costs. (costs that result from lost output or displaced
resources) and costs that affect an individual sector. but do not necessarily represent losses to society. The
incremental costs described above are "truc"” social costs. Some policics. however. induce a "transfer of
wealth" between members of socicty but do not represent a new social expenditure. For example. taxes on
fossil fucls or nitrogen based fertilizers will result in less wealth for individuals and businesses and more
for the government. Becausc levels of fucl or fertilizer consumption changes in responsc to higher costs to
producers or prices to consumers. there is a social cost to a tax as resources arc moved to altemative uscs.
However. the money that is rransferred berween the individuals and the government is not considered to
be a social cost. Transfers. in gencral. redistribute wealth but do not result in ¢cconomic costs per se.
Although. the amount of money the govemment spends administering the tax is a true social cost. Non-
cconomists may refer to cconomics textbooks and other current literature for a more thorough explanation
of how to cstimatc costs.

8.3.1 Process for Calculating Social Costs

Social costs that should be considered during cconomic cvaluation of climate change policics can
result from expenditures in any sector of socicty. For example:

o Statc and local governments may incur incremental costs associated with policy design. administration.
monitoring. pcrmitting. enforcement. or other activitics.

e Industry may incur costs to modify production plants and cquipment. alter operating practices. institute
new waste disposal practices. or change their labor mix.

e Consumers may incur costs in making their homes more energy cfficient. or by paving higher prices for
goods and services or spending more time and cffort recveling waste products.

e Product quality. innovation. or gencral productivity may be adversely affected: if the same resource
investments vield less benefits in any of these wavs. socicty has realized some new cost.

e Policics mayv displace resources such as labor or capital cquipment: if resources do not find cquivalent
cmplovment clsewhere in socicty. then their displacement also imposcs a long-term cost on socicty.
Cost also results from uncmplovment. because local industrics that service the industry where jobs are
lost may also suffer. Even if resources do become employed clsewhere. the transition between jobs. or
movement of financial capital. can be unplcasant. and. at the least. imposes the transitional costs. or
"transactions costs". on socicty'.

Costs that fit these categorics can be analyvzed at a variety of levels or from a vancty of perspectives.
Exhibit 8-4 discusscs somg of the levels of information statecs may want to include in their cost analyvses.

In the policy analvtic framework. aggregated social costs may be a key policy evaluation criteria.

A common approach for cstimating social costs rclated to cach policy option from all the sources listed
abovg involves six basic steps:
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Exhibit 8-4: Dimensions of Costs

Dcepending on the level of analytic complexity a state nceds or wants to adopt. social costs can be
asscsscd with regard to various dimensions or perspectives. These include:

*  breadth - the number of affected activitics:
* depth - the level of quantitative and detailed cost estimates for these activitics: and

+  scope - the range of the cffort to locate sccondary cffects (and costs) of these activitics (c.g..
docs the cffort to analyzc costs and cconomic impacts extend bevond the primary market
affected).

Expanding an analyvsis along any of these dimensions can provide additional valuable information.
but also rcquircs more resources. In its simplest form. cost information can be presented as an inventory of
activitics that arc sourccs of costs. For cxample. sources of costs to industry might include rctooling
cquipment or incrcasing quality control. filling out reporting forms. intcracting with technology transfer
committces. and hiring morc cducated labor to usc morc complicated cquipment. An intermediate form of
analvsis involves sccking to quantify. using cngincering cost studics and other information. cach activity and
sourcc of cost. Where significant pricc and output cffects are expected. the analysis can be expanded to
includc a representation of demand and supply conditions in the relevant market(s). This is frequently called
partial cquilibrium analysis. The most complex form of cost analysis uscs gencral cquilibrium models that
capturc multi-scctor intcractions and subsumc a varicty of markets (sce Scction 8.7).

(93]

Determine who in society will be affected by the policy. This means identifving and listing cach
tvpe of public and private scctor actor that will incur new costs. This may include government
agencics. small and large firms. individual consumers. and others.

Separate the affected community into homogenous groups. This means creating groupings or
catcgorics of actors that ar¢ similar to cach other in terms of how they conduct their business. both
before and after the policy is cnacted. The point is to group together actors who are likely to react
in a similar manner to the new policy. Some groupings. such as onc type of small industry. will be
heavily affected and will need to change their operations significantly. while a different tyvpe of
small industry will only nced to make small changes. These should be classified as separate groups
¢ven though cach is part of the broader small-industry category.

Determine the base-line costs for cach group. This means identifving the procedures or
opcrations that will change for cach group undcr the new policy and calculating the current pre-
policy costs of thosc procedures. For example. if production processcs. waste disposal. or record
keeping will change. costs associated with these activitics should be calculated before the changes
take place. These calculations should be sure to incorporate both opcrating and capital costs.

Determine new cost levels for each group. Given the new policy. calculate the expected operating
and capital costs associated with the modificd procedures. This means figuning out the costs
associatcd with conducting busingss if the new policy is in place.

Calculate the incremental cost of the policy for each group. For cach group. subtract the pre-
policy costs (the basc-line from step 3) from the post-policy costs (step 4) to determine the
incremental costs to the group of the new policy. In some cases. incremental costs can be
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calculated directly. without first specifving the bascline in Step 4 (i.¢.. the bascline is implicitly
zero). For example. the cost of planting shade trees in residential neighborhoods can be calculated
directly as the cost of labor. scedlings. ctc.

6. Calculate total cost. Sum the incremental costs from all the affected groups into an aggregate
annual cost figure for the policy in all vears that the policy has costs. As Exhibit 8-5 discusscs.

cconomists and policy-makers usually include the present value of costs that will be incurred

Exhibit 8-5. Time Frames and Cost Analysis

Social costs gencrally fall into onc of two classcs: one-time. up-front costs (such as cquipment
purchascs). and recurring annual costs (such as compliance reporting or increased cquipment maintenance
costs). Because costs may vary over the time-period of the analysis. cost information can be presented for
dccision-makers in a varicty of wavs. Actual annual costs arc uscful. for cxample. becausc the bulk of
adjustments to ncw government policics often occur in the first few vears the policy is in cffect.

For comparing diverse policics. however. an aggregate measurc of costs on a common scale is
nceded. Present value is one measure that transforms strcams of future costs -- using a discount rate -- into
a mcasure of comparable worth today. Scction 8.5 describes alternative approaches to sclecting the social
discount ratc to apply to projccted futurc costs in order to calculate their current value. Comparisons of
present valuc. however. can be complicated by questions of how to truncate the strcams of costs that arc
comparcd.

A complcment to calculating present valuces is annualized costs. Annualizing costs converts the
strcam of actual costs into a constant cost strcam. Annualizcd costs provide a metric for comparing policics
that have different lifetimes over which they would naturally be analvzed. For example. policics involving
process changes at an clectric utility would gencrally include cost analysis over 30 vears. the expected
lifctime of the plant. In contrast. forestry projects would naturally be analyzcd for onc or more tree rotation
lengths. which vary widely by trec species. Annualizing costs provides onc method for comparing thesc
two options.

Annualized costs arc also uscful when comparing programs that involve non-monctized bencefits.
such as cmissions reductions. In this casc. annualized costs can be compared to average annual cmissions
rcductions to calculate the cost-cffectiveness of alternative policics. Present value costs can be similarly
comparcd to cumulative annual cmissions reductions. providing similar. but not identical. results.

throughout future vears because of the new policy.

8.3.2 Complications Associated with Social Cost Calculation

Estimatcs of the total costs associated with ¢ach policy option can be uscd for descnibing policics
and illustrating tradcoffs within the analvtical framework. States should be aware of several arcas for
caution. however. when conducting these calculations.

First. costs should not be double-counted. In some situations the same cost may filter its way
through diffcrent groups of actors but should not be included in the aggregate cost calculations more than
once. Higher costs to firms. for cxample. may be passed on to. and result directly in higher prices for.
consumecrs. This cost should #or be calculated and incorporated for both these actors. since it really
represents only one net increasc in total costs to socicty.
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The sccond arca for caution involves explicitly distinguishing wealth transfers from real resource
allocation costs. As notcd above. transfers of money or resources between groups of actors do not
represent real costs to socicty. A large part of the impact of tax revenues. for example. is a transfer of
wealth from citizens or private organizations to the government. While non-cost ¢lements of these tyvpes of
wealth transfers are certainly relevant in program cvaluation. thev should not be directly incorporated into
social cost calculations. Othcr aspects of taxcs may in fact represent truc social costs. such as market
distortions or potcntial long-run losses in productivity or competitiveness. Scction 8.4 discusses this issuc
in mor¢ detail.

The final caution regarding social cost calculations is that apparent price impacts may actuallv be
rootcd in factors ¢xternal to the new policy. While such changes may affcet costs between the pre- and
post-policy scenarios. they are not part of the incremental cost of the policy. For example. an external
influcnce may causc refrigeration or air conditioning prices to rise regardless of new ¢mission reduction
policics. Whilc these price changes may induce (or reflect) real costs to socicty. they are completely
unrclated to climate change mitigation policics and their cffects should be included in the bascline and not
in the social cost calculations.

8.4 ESTIMATING OTHER IMPACTS

Greenhouse gas emission reduction policics may have a number of important impacts in addition to
thosc quantificd in standard social benefit and cost calculations. General cffects on the cconomy. on
specific scctors of the cconomy. and on different income classes within urban or rural populations are all
similar concems in the state policy making environment. These impacts influence the desirability of
altcrnative policy strategics. and also affect public attitudes. the political feasibility of climate change
programs. and the financial or other resources allocated to climate change mitigation cfforts. While these
political and administrative factors arc difficult to scparate or measure during policy analvsis. they are
critically important to long-tcrm success in combating global climatc change.

Political and organizational implications can result from financial factors. such as the wealth
transfers discussced in Scction 8.3, induced by policy change. These impacts may cause serious ¢cconomic
disruption within a rcgion or may undermine other public policy objectives but will not appear in social
cost calculations because they only represent shifts of resources among scgments of society. Plant or mine
closures in onc region of the country. for example. may vield net benefits to socicty in terms of combatting
damagg to the environment and human health. but may undermine the region's cconomy. This same policy
action may result in high rates of temporary unemplovment and migration of people to other states.
Obviously. state policv-makers must consider these factors.

Within the policy analvtic framework explicit evaluative criteria can be created for cach arca of
social concem. Including political feasibility or social equity critenia in the policy matrix. for example.
cnsures that these issucs will be considered in cvaluating every policy option. Chapter 4 presents a number
of potential criteria that states might employ: the exact criteria a state defines will reflect local prioritics
and circumstances. The potentiallv important policy impacts sometime ignored by social benefit and cost
calculations include:

o Impacts on Specific Sectors of the I.conomy. For example. transportation and agriculturc may be most
affected by some measures. while the residential scetor and industry may be hit harder by others. The
division of impacts between sectors may be considered favorable or unfavorable by state policy-makers
depending on their prioritics. If the state is trving to reduce emissions largely within onc scctor. for



cxample. then a criterion that highlights how cach policy affects that sector may be worth developing.
On the other hand. states mayv wish to protect rather than target certain scctors: well-developed criternia
can help account for this concern as well.

o Impacts on Employment. When jobs arc pecrmancntly lost so that individuals remain uncmployved. or if
new jobs arc less productive or lower paving than lost jobs. there is an ¢conomic cost since the output
is lower. Labor shifting between jobs. however. is not necessarily an cconomic cost. Nonctheless. job
loss is obviously an important social issuc. as well as being politically significant. The degree to which
polici¢s induce labor shifts is. thus. usually a critical considcration in policy analysis.

o Regressivity or Progressivity of the Policy. Policics may extract greater payments from some income
classcs than from others. Taxcs on houschold products. for example. are generally considered to
imposc a greater burden on low income houscholds becausce these houscholds spend a higher proportion
of their annual income on such products than do houscholds with higher incomes.

o Impacts on Government Iiinances and Revenues. Most policics will affect government finances in
som¢ wav. Mcasures that require high levels of administration and ¢nforcement by government
agencics. for example. may demand significant dedicated budget allocations. Taxes to reduce
consumption of greenhouse gas producing products and activitics. on the other hand. will raise
government revenucs. Whether or not these issucs are legitimately factored into social cost
calculations. they will have certain political and administrative implications that may be important to
consider during policy planning.

o Impacts on Other Government Work. Depending on how new programs or policics arc administered.
they may disrupt current govemment operations. If a new program in a state cnergy office. for
cxample. requires staff time for administrative and other functions. current activitics may be displaced
or disrupted. While such impacts do represent a social cost. they are often ignored. especially if no
new resources. such as budgets or emplovees. are allocated to help cover the new activitics.

8.5 GENERAL COMPLEXITIES IN ESTIMATING POLICY IMPACTS

The above scctions on bencfits. costs. and other impacts highlight potentially important evaluative
critcria. Impacts of climate change and of climate change policics. however. may both extend many vears
into the future and be highly uncertain. The policy-maker. thercefore. is charged with sclecting an analyvtical
framework that adequately addresses the decision-making problem.  In this context. complexitics
surrounding policy ¢valuation fall into onc of two catcgorics: 1) assumptions that undcrlic how states will
trcat social risk and social valuc over time: or 2) limitations on applicable policy ¢valuation procedurcs that
ar¢ rooted in the uncertainty surrounding climate change.

Specific issucs relating to cach of these tvpes of complexitics are introduced below. These include
determining social discount rates to usc in policy analysis. dealing with uncertainty regarding policy
impacts. and dealing with uncertainty about the impacts of climate change itsclf. States may wish to
consider these issucs and cstablish standards for dealing with them before conducting full-scale policy
analvsis.

Determining Social Discount Rates

Policyv-makers must consider the future ramifications of greenhouse gas emission reduction
policics. Bcecausce discount rates are gencerally used to calculate the present value of benefits and costs that
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accruc in the future. altermative discount rates and altermative methods of applyving them carry significantly
diffcrent implications for policy development. The information presented in this section introduces some of
the foremost considerations surrounding sclection and application of specific discount rates. Policy-makers
interested in this issuc may wish to review the extensive cconomic literature on discounting and
cnvironmental policy

The fundamental issuc underlying the choice of a specific discount rate is that higher rates will
result in lower valuation of future costs and benefits. As a result. a higher discount rate will weight future
policy impacts less in current decision making. At a discount rate of 0%. for example. future costs and
benefits are treated exactly the same as current costs and benefits: a $100 impact observed fifty vears from
now would be considered cquivalent to a $100 impact felt today. At a 3% discount rate the same $100
futurc impact would be valued as $8.72. Similarly. at a 10% ratc it would be valued at $0.85.
Discounting is ¢specially relevant to greenhouse gas emission reduction policy development and selection
since climate change is such a long-temm issuc.

There is a considerable body of litcrature discussing what the appropnate discount rate is for
public policy dccision-making. Most cconomists would argue that the rate should not be zero. Rather.
costs and benefits incurred in the future should be weighed Iess heavily than current costs and bencfits:
because resources today can be invested in the future. using a positive discount rate is analogous to
financial decisions that firms make when comparing strecams of costs and revenucs. Morcover. individuals
tend to weigh current costs and benefits more than future costs and benefits in their own decision-making.
For cxample. individuals often prefer a less expensive product to a more expensive product that is more
rcliable and will be less costly to own and operate in the long run.

Because of cthical issues surrounding discounting. many analyvsts arguc for the use of low discount
ratcs. The inter-gencrational nature of long-range planning. for cxample. necessitates that some of the
partics who will experience the costs and benefits of policics do not vet exist. Many individuals will not be
born and organizations not formed until some time in the future. Given this situation. the irreversible
naturc of potential threat from climate change may require greater caution (i.c.. a lower discount rate).
Conversely. it has been argued that the current generation should treat future generations exactly as we
would treat oursclves. potentially resulting in higher discount rates. Thesce are issucs that states should
consider and evaluate in more dctail.

Assuming these cthical questions are resolved. numerous practical questions remain as to the
choice of an appropriate discount ratc. The cconomic debate about what the discount rate should be
cxamings a varicty of issues. including the real resources that are displaced by the investment. riskiness.
and other factors. In gencral. decisions by businesses and private individuals arc made using private
discount ratcs that arc usually higher than social discount rates used by governments to sct policy. Thus.
mcasurcs that may not be implemented by individuals or industrics on their own. may. nevertheless. be
cost-beneficial from a social perspective.

Inherent Uncertainty in Valuing Impacts of Climate Change Policies

Social benefits are typically measured by cconomists as the damages avoided by taking some
policy action. For ¢xample. the benefits of climate change mitigation are cqual to the valuce to socicty of

* For morc information. scc Lind. 1982, States may also want to review the U.S. Office and Management and
Budget's (OMB) analyscs of social discount rates as they apply to federal programs (OMB Circular A-94. Revised
October 29. 1992).



avoiding any ncgative impacts of climate change in the future. Although available cstimates suggest that
the climate changes associated with a warmer planct may have significant implications for the environment.
the cconomy. and human health. cstimates of the value of avoiding these changes are incomplete and
uncertain. Estimating the impacts and associated future costs of climate change is. thus. a primary focal
point of current national and intermational rescarch.

Because of these complications. as Scction 8.2 ¢xplains. the amount of emission reductions policics
achicve 1s most often used to measure the bencfits of different policics to mitigate climate change. Since
this assumes that greater benefits result from emission reductions. there are direct implications for the
analyvtic methodologics states usc to evaluate policics. As suggested later in this chapter. for cxample.
analvzing policics based on emission reductions encourages cost-cffectivencss rather than benefit-cost
analyscs (sce Scction 8.6).

States deal with the issuc of uncertainty surrounding climate change impacts through the level of
cffort that they devote to climate change mitigation programs. States that want to wait until the
uncertaintics arc reduced. or that do not recognize their significant potential for helping mitigate this
problem. cither take no action or pursuc a conscrvative approach. Altcrmatively. states that believe it is
worth acting amidst these uncertaintics. on the other hand. often tend to be more aggressive in developing
mitigation policics. In cither case. however. the amount of greenhouse gas emission reductions attained
through various policy options still usually scrves as the proxy for the benefits of mitigating climate change
since the actual "avoided damages” of not addressing climate change arc impossible to quantifyv. though
they may be significant.

Uncertainty Regarding Policy Impact

The actual impact of some policy options on greenhouse gases can also be difficult to measure and
forccast. The uncertainty is especially relevant for policics that provide indirect emissions control. such as
financial incentives or cducational programs. for policics that span long time frames. and for policics that
may intcract with other emission reduction policics or with other state initiatives. Actually calculating
cmissions reductions may require a sophisticated understanding of the policy and the scctor affected. If
policy analvsts do not know exactly how price changes affect fertilizer demand. for example. then the effect
of a nitrogen-bascd fertilizer tax will be uncertain and ¢mission reductions will be difficult to quantify.
Some policics to decrcasc fossil fucl consumption in the residential or transportation scctors may ¢scalate
the demand for clectricity. which may offsct reductions in greenhouse gas emissions. depending on what
tvpe of power plants supply the additional clectricity. These positive and negative interactions arc most
difficult to predict in the long term when other cconomic or social fluctuations will affect greenhouse gases
and policy success as well.

Similarly. cducation policics are critically important but are difficult to link explicitly to
componcnts of the cquations for computing cmissions. Acknowledging these issucs is especially important
for ensuring that some critical programs. such as public cducation and long-tcrm urban planning. arc not
dismisscd or ignored because they cannot be linked to direct emission reductions.

8.6 BASIC METHODOLOGIES FOR EVALUATING CLIMATE CHANGE ISSUES

Dcpending on state goals. resources. and institutional capacity. policy analyvsis to ¢valuate
greenhouse gas reduction options and to account for the complexitices listed above can be conducted with a
range of methodologics or analvtic tools. The policy analvtic framework highlighted in this chapter
represents one way to frame the climate change issuc as a whole and illustrate the tradeoffs between
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different options. A variety of altemative or supplemental approaches may ¢nhance climate change policy
analysis. These can range from simple computer spreadshect approaches to complex and comprehensive
modecling cfforts. cither of which can be supplemented by cconomic or enginecering rescarch. While the full
range of these approaches cannot be discussed here in detail. some of the general issues and the basic
structurcs that statcs might consider arc worth reviewing.

The analytic approach for examining particular policy options can become increasingly complex
depending on the factors and levels of information a state wishes to incorporate. A simple approach for
states to follow is to rank diffcrent options based on how well they mect cach criterion. More substantial
information may be desirable. however. such as an understanding of the precisc magnitudes of various
policy impacts. In cascs where benefit or cost cstimation is not straightforward. statcs may want to usc
mcthodologics such as risk analyvsis. cconomectric ¢valuation. lincar programming. and other analytic tools.
The remainder of this section reviews decision making constructs that include bencfit-cost analyvsis. cost-
cffectivencess analvsis and multi-criteria decision making.

In the end. the particular methodologics and tools a state uscs to conduct climate change policy
analyscs will depend on local circumstances. including resource and institutional constraints. It is perhaps
obvious. but important. that there is a trade-off between obtaining solid and reliable information and the
cost and time expended in accumulating that information. For many states. this may suggest using simpler
decision guidelines unless they can work with other governments or regional coalitions on more
comprchensive projects.

The tvpes of policy analysis and decision making methodologics summarized below. as well as
others not listed here. are not necessarily exclusive. but may overlap and complement cach other in varnous
wayvs. In addition. the risk. time frame. and discounting issucs discussed above arc common and
fundamental to all these approaches. Extensive and more complete literature is available on all these
topics: the information presented here is intended only to provide examples to state policymakers for wayvs
to analyvze policy options.

Bencefit-Cost Analysis

Bencfit-cost analyvsis offers a framework for choosing among altcrnative policy options that
involves monctarily valuing the impacts of the policics under consideration and sclecting the policics with
the highest net benefits. This approach attempts to account for a// benefits and costs. including difficult-to-
monctize cffeets such as ccosystem damage or effects on human health.' This process may have limited
uscfulness in the current context. because of the cost and problems involved in comprehensively quantifving
the value of climate change impacts at the state level. Further. many state and federal agencics. including
EPA and OTA. as wecll as private rescarchers. have investigated and quantificd at lcast a portion of these
impacts. for some regions or nationally (Cline. 1992: Fankhauscr. 1994: IPCC. 1992a: Nordhaus. 1994:
OTA. 1993: and U.S.EPA. 1989). Extcnsive cconomic literature is available on bencfit-cost procedures
and diffcrent means of valuing non-quantitative factors.

Cost-Liffectiveness Analvsis

' Typically. benefit-cost analysis involves the following steps: (1) mcasuring. in monctary terms. all of the costs
and bencefits of cach policy over time: (2) for costs and benefits that occur in the future. calculating their present
valuc by application of an appropriatc discount ratc: (3) calculating the net benefit of cach policy by subtracting the
present valuc of the costs from the present value of the benefits: and (4) choosing the policy option that offer the
highest net benefits.
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Cost-cffectiveness analyvsis simplifics policy analvsis by allowing one policy impact. such as the
benefits of climate change mitigation. to be measured in non-mongctary terms. If emissions of different
greenhouse gases are represented on a common scale. such as 100-vear estimated global warming potential
(GWP). cost-cffectivencss promotes calculation of a dollar-per-unit-GWP-reduced figure. This same
analyvsis can be conducted with any other common scale. such as tons-of-carbon-cquivalent emissions
rcduced. While cost effectivencss analysis lets policy-makers rank options on a common cost-per-unit
scalc. policy-makers must still determine which or how many of those policics to cnact. Exhibit 8-6
illustrates these points.,

Exhibit 8-6: Sample Results of Cost-Effectiveness Analysis

This tablc illustrates the results of cost-cffectivencss analvses. While in an ideal situation data arc available
to gencerate these types of numbers with precision. in recality the cost and cmissions-reduction figures arc
often subject to high levels of uncertainty. The data below do not represent the results of actual analyscs:

Samplc Policy Option Hypothetical Associated Cost-per-ton of Total Potential Emission
Carbon Equivalent Emissions Reduced Reductions (tons)
1) Mcthane Recovery Technology $54.00 58.4

Dcmonstration and Support
2) Mcthanc Emissions Tax $31.00 123.0
3) Altemative Fuels Subsidy $45.00 456.9

4 ...

Given these constraints. cost-cffectivencess analysis often serves as a basis for sclecting a lcast-cost
combination of policics to achicve some presct goal. such as a 20% overall emission reduction by some
target vear. or as a basis for sclecting the combination of policics that will bring the highest level of
cmission reduction benefits given a certain financial or other resource constraint. For example. states can
usc this tvpe of analvsis to calculate the highest level of emission reductions possible given a preset budget.

Multiple Attribute Decision Analysis

A varicty of analvtic methodologics facilitate the structured consideration of multiple and diverse
social objectives during policy ¢valuation. such as considering cmission reductions costs. political
feasibility. and social cquity at the same time. By weighing evaluative criteria. assigning probabilitics to
certain policy outcomes. and developing utility functions to represent the value of these outcomes. these
mcthodologics allow decision makers to consider policy impacts on diverse critena that cannot be expressed
in common units. The ¢nd product of this tyvpe of decision analyvsis is usually a probability-bascd
prescription for what policy or combination of policics offers greatest expected social benefit. This
analvsis hinges on a well-defined set of data inputs and constraints.
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Extensive literature is available on the tvpes and different policy applications of decision analysis
mcthodologics. The most straightforward of these methodologics allocates probabilitics and pavofTs to all
the potential benefits and costs associated with alternative policy choices. This process. best serving
decision makers and analyvsts who face uncertain outcomes from a sct of given actions. is often
incorporatcd into various stages of cost-cffectiveness and benefit-cost analvsis. [t is generally used to
determing the expected value of options or policy impacts by combining the probabilitics of different
potential outcomes with weights assigned to the social value or utility of thosc outcomes. Exhibit 8-7
illustrates some of the components of multi-attribute decision analyvsis.



A morc complex but similar technique is called the Analvtic Hicrarchy Process (AHP)." Thisis a
procedure that specifically attempts to provide structure to multi-criteria decisions involving problems of

Exhibit 8-7: Sample Multi-Attribute Decision Analysis

Duc to its complexity. multi-attribute decision analysis can not be thoroughly illustrated here. This box
shows the tvpes of information that might factor into two stages of this kind of analyvsis. The information
here is only a simplistic representation of this tvpe of analysis and docs not rcflect many of the details and
complexitics involved.

Stage 1: Assign Probabilitics and Values to Possible Policy Outcomes

Regarding a specific policy option. such as an altcrnative fucls subsidy. policy makers might decide
that there arce three possible outcomes within a five-vear time frame. cach carrving a certain value. The
"valuc". developed as an carlicr part of the analysis. may be derived from cmissions reduction projections.
costs. and other factors: extensive analvtic processes cxist for defining and developing both "valuc" and
"probability" estimates. The sample below is only illustrative and docs not represent an actual analvsces.

Sample Possible Outcomces Value of outcomes Probability Valuc *
($ or some other mcasure) Probability
1) Successful conversion to $11.380 * 25 = $2.843

alternative fucls

2) Partial conversion to $2.385 * 60 = $1.431
alternative fucls
3) Citizens reject or $0 * A5 = %0

legislature repeals the policy

Sum Expected Valuc of this Policy Option $4.276

Stage 2: Analvze Alternative Policics Based on Expected Valucs

Depending on the analyvtic structure chosen. policy makers may be able to compare the sum expected
valucs of different policy options. or combinations of options. and sclect thosc with the highest expected
values. given the predetermined probabilitics and outcomes. Results of this analysis could look like the
following:

Policy Option Expected Value
1) Mcthane Recovery Technology Demonstration and Support 19.784
1 afi alv i 1071 - - (919
For more 1%0]{%&1 lon llllll]gsﬁ)ll]l%l' ic Hicrarchy Process. sec Dyer. 1992. 7.900
3) Altcmative Fucls Subsidy 3-18 4.276

4 ...




choice and prioritization between criteria. as climate change policy formulation docs. Using AHP. policy-
makers develop a decision hicrarchy that identifics and compares altematives. The broad approach is to
structurc the complex decision first and then to focus attention on individual components of that decision.
using subjcctive judgements (as supported by the process itself) on aspects of the problem for which no
quantitative scale exists. Certain computer software tools are designed specifically to support this tvpe of
analysis. The fundamental bencfits of this approach is that it structurcs complex decisions. provides a
rcliable mechanism for ranking non-quantitative issucs. and focuscs on objectives that policy-makers arc
trving to achicve rather than on the explicit altematives. While there do not appear to be applications of
AHP in the climate change ficld. it has been used for some rencwable energy and sustainable resource
analvsis.® Statcs may want to investigate these techniques further.

8.7 MORE COMPLEX TECHNICAL TOOLS FOR ASSESSING GREENHOUSE GAS
POLICIES

Some regional. national. and intcmational analvsts arc using tcchnical tools bevond the methods
described in this chapter to deal with the complexitics surrounding climate change. This scction illustrates
a limited sct of the tools that have been applicd to address the following tasks:

e Dcmonstration of technical issucs in global change:

e Policy excrciscs involving stabilizing of emissions. atmospheric composition. or climate:
o Risk asscssment pertaining to climate change: and

e Risk management pertaining to climate change.

The information in this scction is derived largely from national and intemational sources. and may
not apply at regional and state Ievels. especially given local goals and agendas. If states choose to
investigate complex modeling. cooperative arrangements with relevant rescarch and federal institutions and
with other states may facilitate the application of more complex methodologics to the development or
implementation of state policics on greenhouse gas emissions. The tools listed here require significant
investment of financial and other resources to develop.

There is currently no single tool that simultancously addresses all of the above tasks. Some of the
mcthodologics that arc applicable to greenhouse gas policy analysis are summarized in Exhibit 8-8. An
cxample of onc of the more comprehensive methodologics is the Integrated Model to Assess the Greenhouse
Effcct (IMAGE). developed by the National Institute of Public Health and Environmental Protection
(RIVM) of the Netherlands. Exhibit 8-9 provides a diagram of IMAGE's modular structurc. Note in
particular the following asscssment ticrs in the overall methodology. illustrated in that diagram:

e Encrgy/cconomics and land use modcls:

e Atmospheric composition modcls:

e Global and regional climate impact models: and
e Socio-cconomic impact modcls.

¢ For cxample. the Analyvtic Hicrarchy Process contributed to biomass cnergy asscssments by the Southcastern
Regional Biomass Encrgy Program.
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Exhibit 8-8: Sample Methodologies for Analyzing Greenhouse Gas Policies

Acronvm Encrgy Usc  Emissions Atmospheric Climate Socio- Scale

Model Model Composition Impacts Economic

Modcl Modcl Impacts

PC-AEO Yes No No No No Regional
TEMIS Yes Yes No No No Urban
ISAAC Ycs Ycs No No No Regional
MARKAL Ycs Ycs No No No Regional
IEA/ORAU Yes Yes No No No Global
DICE Yes Yes Yes Yes Yes Global
ASF Yes Yes Yes Yes Yes Global
MAGIC/ Yes Yes Yes Yes No Global
ESCAPE No No No Ycs Ycs Regional
IMAGE Ycs Ycs Ycs Ycs Ycs Regional
DRI/ Yes Yes No No Yes National/
McGraw-Hill Regional
REMI" Ycs Ycs No No Ycs Regional
IDEAS (DOE) Ycs Ycs No No Ycs National

* Regional Economics Models. Inc.

The regional asscssment capability of IMAGE is limited to impacts specific to the Netherlands, A
similar comprchensive methodology. the MAGIC and ESCAPE modcls of the Climate Rescarch Unit
(CRU) of the University of East Anglia. can be used to examine regional impacts in Europe. Ongoing
development cfforts by the U.S. Environmental Protection Agency's Office of Policy. Planning and
Evaluation and at Batclle Pacific Northwest Laboratory arc expected to vield comprehensive policy models
that arc applicablc to the United States at the national and regional levels.

Policv-makers interested solely in stabilizing cmissions or atmospheric concentrations of
greenhouse gases. rather than in policics that address climate stabilization or the full range of socio-
¢cconomic impacts. may not nccessarily need to resort to a comprehensive assessment model. The Dynamic
Integrated Climate-Economy (DICE) model of Nordhaus (1992). which utilizes a global. inter-tcmporal
gencral-cquilibrium modcl of cconomic growth and climate change. provides simpler estimates of global
impacts. A morc complex model used within the United States is the EPA's Atmosphenc Stabilization
Framework (ASF). which combines cnergy/cconomics and land use models and atmospheric composition
modecls with a highlv simplificd global impacts modcls.
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Exhibit 8-9: Modular Structure for the Integrated Mode! to Assess the Greenhouse Effect
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The IMAGE model was developed by the National Institute of Public Health and Environmental Protection
(RIVM) of the Netherlands. Details regarding its structure and application are available in the RIVM brochure,
Global Change Research Programme: An Overview.

Several methodologics are solely applicable to cstimating energy use and/or accompanying
cmissions of greenhouse gases amd have extensive cconomic modeling components. At the global level.
there is the ORAU cenergy/cconomics model of carbon dioxide emissions developed by the Intemational
Encrgy Agency. A spreadsheet model that can be employved to forecast regional industrial energy use. but
docs not cstimate greenhouse gas emissions. is the U.S. Department of Encrgy's PC-AEO model. which is
coded in Lotus 1-2-3. An cspecially uscful regional ecmissions model is MARKAL. which has been adapted
to cvaluate carbon dioxide emission control strategics by the New York State Encrgy Office. Other
mcthodologics for forccasting CO2 cmissions are the Joint Decision Analyvsis Model (ISAAC). which was
developed by the Bonneville Power Administration and used to examing future emissions in the Pacific
Northwest by the Oregon Department of Encergy. and the Total Emissions Model for Integrated Svstems
(TEMIS). which is a fuel cvele model developed by the OKO Institute in Germany and is best used to
simulatc urban ¢missions. when specific local data arc available.
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CHAPTER 9
PREPARING THE STATE ACTION PLAN

The previous chapters provided some detail on the issucs with which states should deal and the
processes they should go through when developing their Climate Change Action Plans. This chapter is
intended to assist states in developing an organizational framework for presenting the information in their
plans.

While cach state bears chicf responsibility for drafting its own plan. it is important to bear in mind
that climatc changg is a global issuc and that the nation has madc an intcmational commitment to reducing
greenhouse gas emissions. Each state’s action is part of a concerted. national cffort. It is thercfore possible
and desirable to identify components of a State Climate Change Action Plan that should be common to all
statcs. An action plan should contain at Icast the following clements:

e Exccutive Summary

e Background on the Scicnce of Climate Change

e Rcegional and Local Risks and Vulncrabilitics

e 1990 and Forccast Bascline Emissions

e Goals and Targcts

e Altcmative Policy Options

e Identification and Screening of Mitigation Actions
e Forccast Impacts of Mitigation Actions

e Rccommendations and Strategy for Implementation

Each of these ¢lements of the action plan will be discussed in tum. with referencces to the appropriate
scctions of this guidance document.

9.1 EXECUTIVE SUMMARY
This scction summarnzes the Plan’s conclusions and recommendations.
9.2 BACKGROUND ON THE SCIENCE OF CLIMATE CHANGE

For some recaders. the Plan will serve as their first introduction to the issucs surrounding climate
change. while others may alrcady be well educated about the subject. A concise presentation on the scicnce
of climatc change and the history of national and intcrnational climate change policy. as discussed in
Chapter 2. will help to cducate readers about the problems confronted in the Plan.

9.3 REGIONAL AND LOCAL RISKS AND VULNERABILITIES

The global phenomenon of climate change will manifest itsclf at the regional and local levels. To
the extent possible. states should anticipate the local and regional manifestations of climate change. such as
shifting pattecms of agriculturc. increased incidence of temperature-related discascs. and risks to water
Icsources.
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9.4 1990 AND FORECAST BASELINE EMISSIONS

As discussed in Chapter 3. identifving major sources of anthropogenic greenhouse gases will
cnable states to prioritize various policy initiatives. This inventory of greenhouse gas emissions will also
cstablish a bascline against which the cffectivencess of mitigation activitics may be measured. For
inventorics developed in partnership with EPA. states are requested to use the vear 1990 as their bascline
vear. The choice of 1990 as a bascling is consistent with the nation’s intcrnational commitment under the
Framework Convention for Climate Change to retum the nation’s greenhouse gas cmissions to 1990 levels
by the vear 2000.

To cvaluate the sct of mitigation actions contained in the Plan. cach state should also forecast a
bascline sct of emissions. The forecast (sce sce. 3.2) bascline scenario describes a future in which a state
conducts “business as usual.” pursuing no initiatives specifically targeted to reduce or sequester greenhouse
gascs. At the same time. the bascline scenario must portrayv the expected cconomic. social. demographic.
and tcchnological developments over some future time horizon. The maximum time frame for projecting
cmissions is generally 15 to 20 vears.

9.5 GOALS AND TARGETS

Oncc bascline cmissions have been forecast. cach state should commit to attaining realistic.
mcasurablc goals of greenhousc gas reduction or scquestration. as discusscd in Chapter 4. Using the
bascline forccast. states may cstablish reduction or scquestration goals over a given period of time (sce sec.
7.1).

9.6 ALTERNATIVE POLICY OPTIONS

Although this guidance document is intended to assist states in formulating mitigation strategics.
i.c. stratcgics to reduce greenhouse gas cmissions. states may also choose to develop strategics that will
allow them to adapt to the potential changes that climate change may generate. States should discuss these
adaptation stratcgics in a scparate section. distinct from mitigation strategics.

9.7 IDENTIFICATION AND SCREENING OF MITIGATION ACTIONS

Bascd on the guidance provided by Chapters 5 and 6. states can begin to identify policy options to
rcduce greenhouse gas emissions. These options can then be analvzed. as discussed in Chapter 8. to sclect
mitigation actions that ar¢ cconomically viable. politically feasible. and technologically plausible.

When identifving and screening mitigation actions. states should also describe the process through
which they arrived at their conclusions. They should discuss:

e thc political infrastructure that ¢nsured the Plan’s formulation (sce sccs. 7.2, 7.3, and 7.4):

e the development and application of sclection criteria used to screen mitigation actions (sce scc.
4.3). and

o thc analvtical tools uscd to compare mitigation options (scc Chapter 8).

9.8 FORECAST IMPACTS OF MITIGATION
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Once a state has identificd those mitigation actions that arc cconomically viable. politically
feasible. and technologically plausible. it should analvze and communicate the benefits of these actions
through the usc of mitigation scenarios. Mitigation scenarios arc not predictions of the future. Rather. they
allow policymakers and the public to imagine the future by modeling the effects of a wide range of policy
Initiatives.

The mitigation scenario describes a future similar to the bascline scenario with respect to
underlving cconomic and demographic trends: however. it assumes initiatives are taken to address the issue
of climatc change. The mitigation scenario should take into account both the technical potential for
rcducing or sequestering greenhouse gases and the institutional. cultural. and political constraints that may
prevent a state from exploiting all technical possibilitics. States may develop several mitigation scenarios
bascd on diffcrent assumptions that vary according to the degree to which they vield greenhouse gas
reductions.

It is bevond the scope of this guidance document to go into the specifics of the various models that
have been developed to gencrate long-term forccasts of climate-related phenomenon.  Forecasting emissions
rclics on such uncertain variables as population growth. encrgy consumption and changing sources of
power. number of automobiles. and changgs in the agriculture and forestry scctor. Scction 3.2 of this
guidance document provides a broad overview of forecasting methods. Whichever forecasting method a
statc uscs. it will probably involve three cssential broad tvpes of activitics: data collection and analysis:
quantification of cmissions/reductions/scquestration: and cxtrapolation.

e Data Collection and Analysis. Currentlv. greenhouse gas emissions arc estimated by multiplving
data that mcasurc the level of activity that gencrates greenhouse gases (hercinafter referred to as
“GGHG activities ) with the appropnate greenhouse gas cocfficient. It is therefore necessary to
collect these data. which can be accomplished when states complete their greenhouse gas
inventories (sce sec. 3.1).

Some cffort must also go into collecting data on the paramctric assumptions that underlic the
scenarios. States should determine and define which socictal indicators—such as population
growth. GDP. market penetration rate for certain technologics—significantly affect GHG
activitics. These kev parameters will be used to make extrapolations of greenhouse gas cmissions
in the future.

o Quantification of I:missions Reductions Sequestration. Mcthods currently exist to ¢stimate
greenhousce gas cmissions based on data on GHG activitics (see EPA’s State Workbook:
Methodologies for Istimating Greenhouse Gas Imissions). States should develop methodologics
to quantifyv the greenhouse gas reduction or scquestration associated with their sct of mitigation
actions.

e [xtrapolation. States should develop a model—a quantitative means to express the relationship
between the kev parameters and GHG activitics—that permit estimates of the level of GHG
activity from a given paramcetric value. To forecast future levels of GHG activity. projected values
of the kev paramecters can be input into the model. These projected parametric valucs may be
cxogenous (i.e. extemal to the model) or may be based on assumptions and algorithms
incorporated within the model.



9.9 RECOMMENDATIONS AND STRATEGY FOR IMPLEMENTATION

The ultimate product of a state’s analvtical efforts in developing a Climate Change Action Plan is a
sct of policy rccommendations and a stratcgy to implement those recommendations. The implementation
stratcgy should clearly lay out the tasks that must be accomplished. the agencics or partics responsible for
accomplishing those tasks. and a timcline for implementation.

Depending on their implementation strategy. states may organize their policy reccommendations in a
varicty of wavs. Statcs mayv organize recommendations by

e targcted scctor (e.g. utilitics. transportation. agriculturc):

e fucl sourcc (¢.g. coal. gasolinc. natural gas):

e amount of grcenhouse gas reductions anticipated:

e cost of implementation: or

e govemmental role (¢.g. Iegislative actions. regulatory actions. voluntary actions).

States who respond to the challenge of climate change face a daunting mission. but onc that is
critical to the world’s well-being.  The scientific evidence strongly suggests that increasing the
concentration of greenhousce gases will alter global climate. While the cffects of global climate change arc
uncertain. they could be substantial. Sca-level rise could inundate many coastal arcas. entire specics could
be threatened with extinction and ¢cosystems lost.

This guidance document outlings procedures and strategics that statcs may usc to implement
initiatives that not only reduce greenhouse gas cmissions. but that conserve energy and enhance cconomic
cfficicney as well. Hopefullv. it will help to facilitate continued collaborations among the state. local. and
the federal govemments and to encourage states to forge innovative. creative. locallv-basced approaches to
risks that threcaten the global commons.
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GLOSSARY'

Aerosol: Particulatc matcrial. other than water or icc. in the atmosphere. Acrosols arc important in the
atmosphere as nuclei for the condensation of water droplets and ice crystals. as participants in
various chemical cveles. and as absorbers and scatterers of solar radiation. thereby influencing
the radiation budget of the carth-atmosphere system. which in turn influences the climate on the
surfacc of the Earth.

Afforestation: The proccss of ¢stablishing a forest. cspecially on land not previously forested.

Anaerobic Fermentation: Fermentation that occurs under conditions where oxvgen is not present. For
cxample. methane emissions from landfills result from anacrobic fermentation of the landfilled
wastc.

Anthropogenic: Of. rclating to. or resulting from the influence of human beings on nature.

Atmosphere: The cenvelope of air surrounding the Earth and bound to it by the Earth's gravitational
attraction.

Biomass: Thc total drv organic mattcr or stored cncrgy content of living organisms that is present at a
specific time in a defined unit (ccosyvstem. crop. cte.) of the Earth's surface.

Biosphere: Thc portion of Earth and its atmosphere that can support life.

Carbon Sink: A pool (reservoir) that absorbs or takes up relcased carbon from another part of the
carbon cycle. For example. if the net exchange between the biosphere and the atmosphere is
toward the atmosphere. the biosphere is the source. and the atmosphere is the sink.

Carbon Dioxide (CQ,): Carbon dioxidc is an abundant grcenhouse gas. accounting for about 66 pereent
of the total contribution in 1990 of all greenhousce gascs to radiative forcing.  Atmospheric
concentrations have risen 25% since the beginning of the Industrial Revolution.  Anthropogenic
source of carbon dioxide emissions include combustion of solid. liquid. and gases fucls. (c.g..
coal. oil. and natural gas. respectively). deforestation. and non-cnergy production processes such
as cement-production.

Carbon Monoxide (CO): Carbon monoxide is an odorless. invisible gas created when carbon-
containing fucls arc burncd incompletely.  Participating in various chemical reactions in the
atmosphere. CO contributes to smog formation. acid rain. and the buildup of methane (CH,). CO
clevates concentrations of CH, and tropospheric ozone (0O,) by chemical rcactions with the

atmospheric constituents (i.c.. the hvdroxyl radical) that would otherwise assist in destroyving
CH, and O..

Chlorofluorocarbons (CFCs): A family of incrt non-toxic and casily liquificd chemicals used in
refrigeration. air conditioning. packaging. and insulation or as solvents or acrosol propellants.

' Some of the definitions shown here are taken from the Carbon Dioxide and Climate Glossary produced by the
Carbon Dioxide Information Analysis Center of Oak Ridge National Laboratory.



Because they are not destroved in the lower atmosphere. thev drift into the upper atmosphere
where their chlorine components destroyv ozone.

Climate Change: The long-term fluctuations in temperature. precipitation. wind. and all other aspects of
the Earth's climate.

Deforestation: The removal of forest stands by cutting and buming to provide land for agricultural
purposcs. residential or industrial building sites. roads. cte. or by harvesting trees for building
materials or fucl.

Enteric Fermentation: Fcrmentation that occurs in the intestings.  For example. mcthane ¢cmissions
produced as part of the normal digestive processes of ruminant animals is referred to as "centeric
fermentation "

Flux: Ratc of substance flowing into the atmosphere (c.g. Ibs/ft /sccond).

Global Warming Potential (GWP): Gascs can cxcert a radiative forcing both dircctly and indirectly:
dircct forcing occurs when the gas itsclf is a greenhouse gas: indirect forcing occurs when
chemical transformation of the original gas produccs a gas or gascs which themselves are
greenhouse gascs. The concept of the Global Warming Potential has been developed for policy-
makers as a measure of the possible warming cffect on the surface-troposphere svstem arising
from the emissions of cach gas relative to CO..

Greenhouse Effect: A popular term used to describe the roles of water vapor. carbon dioxide. and other
tracce gascs in keeping the Earth's surface warmer than it would be othenwise.

Greenhouse Gases: Thosc gascs. such as watcer vapor. carbon dioxide. tropospheric ozone. nitrous
oxide. and mcthane that are transparcnt to solar radiation but opaque to infrarcd or longwave
radiation. Their action is similar to that of glass in a greenhouse.

Hydrofluorocarbons (HFCs): HFCs arc substitutcs for CFCs and HCFCs which are being phasced-out
under the Montreal Protocol on Substances that Deplete the Ozone Layer. HFCs mayv have an
ozonc depletion potential (ODP) of zero. however. they are very powerful greenhouse gases. For
cxample. HFC-23 and HFC-134a have a GWPs of 10.000 and 1.200 respectively.

Methane (CH,): Following carbon dioxide. methance is the most important greenhousc gas in terms of
global contribution to radiative forcing (18 pereent).  Anthropogenic sources of methane include
wetland rice cultivation. enteric fermentation by domestic livestock. anacrobic fermentation of
organic wastcs. coal mining. biomass buming. and thc production. transportation. and
distribution of natural gas.

Nitrous Oxide (N,O): Nitrous oxidc is responsible for about 3 pereent of the total contribution in 1990
of all greenhouse gascs to radiative forcing. Nitrous oxide is produced from a wide variety of
biological and anthropogenic sources.  Activitics as diverse as the applications of nitrogen
fertilizers and the consumption of fucl emit N.O.

Nitrogen Oxides (NO,;: Onc form of odd-nitrogen. denoted as NO, is defined as the sum of two specics.
NO and NO.. NO_ is created in lighting. in natural fires. in fossil-fucl combustion. and in the
stratosphere from N.O. It plavs an important role in the global wamming process duc to its



contribution to the formation of ozone (O,).

Nonmethane Volatile Organic Compounds (NMVOCs): NMVOCs arc frequently divided into
methance and non-mcthanc compounds. NMVOCs include compounds such as propanc. butanc.
and cthanc (scc also discussion on Volatile Organic Compounds).

Ozone (0,): A molccule made up of three atoms of oxygen. In the stratosphere. it occurs naturally and
it provides a protective laver shiclding the Earth from ultraviolet radiation and subscquent
harmful hcalth c¢ffects on humans and the environment.  In the troposphere. it is a chemical
oxidant and major component of photochemical smog.

Perfluorinated Carbons (PFCs): PFCs arc powerful greenhouse gases that arc cmitted during the
rcduction of alumina in the primarv smclting process.  Eventuallv. PFCs arc to be used as
substitutes for CFCs and HCFCs. PFCs have a GWP of 5.400.

Radiative Forcing: The mcasurc used to detcrmine the extent to which the atmosphere is trapping heat
duc to cmissions of greenhouse gases.

Radiatively Active Gases: Gascs that absorb incoming solar radiation or outgoing infrarcd radiation.
thus affecting the vertical temperature profile of the atmosphere. Most frequently cited as being
radiatively active gases are water vapor. carbon dioxide. nitrous oxide. chlorofluorocarbons. and
ozone.

Stratosphere: Rcgion of the upper atmosphere cextending from the tropopausce (about 3 to 9 miles
altitude) to about 30 milcs.

Trace Gas: A minor constitucnt of the atmosphere. The most important trace gascs contributing to the
greenhouse cffect include water vapor. carbon dioxide. ozone. methanc. ammonia. nitric acid.
nitrous oxide. and sulfur dioxide.

Troposphere: The inner layer of the atmosphere below about 13 km. within which there is nomally a
stcadv decrease of temperature with increasing altitude.  Nearly all clouds form and wecather
conditions manifest themscelves within this region. and its thermal structure is caused primarily
by the heating of the Earth's surface by solar radiation. followed by heat transfer by turbulent
mixing and convection.

Volatile Organic Compounds (VOCs): Volatile organic compounds along with nitrogen oxides arc
participants in atmospheric chemical and physical processes that result in the formation of ozone
and othcr photochemical oxidants.  The largest sources of reactive VOC cmissions are
transportation sources and industrial processes. Miscellancous sources. primarily forest wildfires
and non-industrial consumption of organic solvents. also contribute significantly to total VOC
cmissions.
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CLIMATE CHANGE ACTION PLAN FOR ILLINOIS

STATE OVERVIEW

lllinois completed the Climate Change Action Plan for lllinois in June 1994 as part two of a
three-step program. During step one (development of emissions inventory), lllinois calculated
the state’s greenhouse gas (GHG) emissions and identified the largest sources of these
emissions. The third step will be to implement the actions articulated in the state’s plan.

Total emissions in 1990 were 242 million metric tons of carbon dioxide equivalent (MMTCDE).
The greatest sources were fossil fuel combustion in the transportation and utility sectors with
58 MMTCDE each, and in the industrial sector with 53 MMTCDE." The Action Plan for lllinois
presents strategies for reducing emissions in these sectors as well as in the commercial
energy and land use sectors. Strategies addressing sources with the highest emissions are
shown in Table 1. Overall, the objective of lllinois’ Action Plan is to reduce GHG emissions by
10 MMTCDE compared to a “business as usual” scenario, in order to reduce emissions to
1990 levels by the year 2000.

Table 1. Highest Emission Sources and Associated Mitigation Strategies

Source of Emissions Mitigation Strategy

Transportation Fossil Fuel Combustion CAFE (Corporate Average Fuel Economy)
Standards (30, 35, and 45 mpg)

Powering vehicles with gasohol, ethanol (E-100),
or compressed natural gas

Utility Fossil Fuel Combustion Natural gas switching

Industrial Sector Fossil Fuel Combustion | CO, scrubbers

More efficient industrial motors

More efficient industrial lighting

The Action Plan also identified the effects that climate change could have on lllinois. State
officials are primarily concerned with potential effects on the state’s agriculture, infrastructure,
water resources, water and highway transportation, cooling energy, natural ecosystems, and
human health.

STATE MITIGATION STRATEGIES

Illinois evaluated over 20 greenhouse gas mitigation actions for the fossil fuel and land use
sectors, as well as one cross-sectoral action, as outlined in Table 2. Possible GHG reductions
and associated costs are also shown in this table. The measures are summarized below.

' These values are from the summary of the lllinois greenhouse gas inventory.
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Table 2. Greenhouse Gas Mitigation Strategies®

Sector Strategy Projected Annual Emission Cost of
Reductions in year 2000 Reduction
(MTCDE) ($/MTCDE)
Fossil Fuel Combustion
Residential Residential A/C 130,637 -80
New Housing Efficiency 1,769,947 -72
Hot Water Heaters 582,422 -32
Refrigerators 113,400 17
Residential Furnaces 514,382 14
Subtotal 3,110,789 -47
Commercial Commercial AIC 136,080 -139
Commercial Refrigeration 36,288 -37
Commercial Lighting 518,011 13
Subtotal 690,379 -19
Industrial Industrial Motors 110,678 -36
Industrial Lighting 163,296 -33
CO, Scrubbers 44 772,134 33-110
Subtotal® 45,046,109 71
Transportation CAFE Standards (30 mpg) 409,147 0
CAFE Standards (35 mpg) 1,696,464 63
CAFE Standards (40 mpg) 2,969,266 116
Gasohol 1,407,067 22-64
Ethanol Vehicles (E-100) 8,364,384 30-82
CNG Vehicles 2,489,357 51-67
Subtotal® 17,335,685 65
Utility | Utility Transformers 54,432 -3
Natural Gas Switching 21,954,240 42-57
Subtotal® 22,008,672 49
Forestry Pasture 6.85/acre 1.08
Grazed Forest 7.65/acre 0.97
Eroding Cropland 8.78/acre 0.76

Subtotal

not estimated

not estimated

Cross-sectoral

Joint Implementation

not estimated

not estimated

Total

88,191,634

60

® Please note that the estimates in the table are given in metric tons of carbon dioxide equivalent.

® This subtotal was calculated based on the midpoint of the range of costs for each measure in this sector.
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Fossil Fuel Combustion

Most of the measures evaluated by lllinois involve energy efficiency. Improved efficiency in the
residential, commercial, transportation, and utility sectors were all estimated to offer cost
savings as well as greenhouse gas reductions. Use of biofuels (gasohol and ethanol vehicles)
offer possible reductions of more than 10 MMTCDE per year. The two actions with the greatest
potential reductions are use of CO, scrubbers (45 MMTCDE) and switching from coal to natural
gas for power generation (22 MMTCDE). Both of these options would require significant
expenditures — costs per MTCDE are on the order of $27 to $91 for scrubbers and $34 to $47
for fuel switching.

Land Use

Afforestation is presented in the lllinois Action Plan as a low-cost, “no regrets” option that
provides benefits beyond emission reductions. Tree seedlings are supplied by the state’s
nursery program and planted by landowners on marginal land. The 40 year levelized cost of
sequestering CO; in lllinois is between $0.69-0.89 per metric ton, while the CO; offset ranges
from 6.8-8.8 metric tons/acre/year. Currently, the demand for tree seedlings exceeds the
supply; expansion of the state’s nursery program could yield higher CO, sequestration at a
very low cost.

Cross-sectoral

Joint implementation projects (i.e., projects whereby one country assists another in reducing
greenhouse gas emissions through technology transfer or other means, and in return receives
emission reduction credits) are presented in Illinois’ Action Plan. These projects may be more
cost-effective than domestic reductions. The Action Plan provides an example of the potential
benefits of joint implementation: reducing emissions in China by 18 million short tons of
carbon dioxide through cost saving measures is compared to spending $500 million dollars
annually to achieve the same reductions in lllinois.

RECOMMENDATIONS

The Climate Change Action Plan for lllinois recommends the following framework for the
state’s policy-makers for developing a response to global climate change:

1. Make energy efficiency and forestation, which are relatively low-cost and have other
environmental, social and economic benefits, the centerpiece of lllinois’ climate change policy.

2. Expand the state’s rural and urban tree planting programs and increase forest management
assistance to private forest landowners.

3. Provide cost sharing and technical assistance to landowners and communities for tree
planting and management.

4. Assist lllinois companies in meeting their commitments under the Climate Wise and Climate
Challenge programs.

5. Partner with the federal government to implement energy efficiency programs under the
U.S. Climate Change Action Plan.

6. Test joint implementation as an option for cost effective emissions reductions and, where
efficient, promote the option for meeting long term emissions reduction requirements by utilities
and industry.
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7. Partner with the federal government to capture and use methane gas from landfills.

8. Promote research, development, and adoption of renewable fuels and biomass including
ethanol fuel and soy-based fuel.
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CLIMATE CHANGE ACTION PLAN FOR IOWA

STATE OVERVIEW

lowa completed the lowa Greenhouse Gas Action Plan (the Action Plan) in December 1996 as
part two of a three-step program. During step one (development of emissions inventory), lowa
calculated the state’s greenhouse gas (GHG) emissions and identified the largest sources of
emissions. The third step will be to implement the actions specified in the state’s plan.

Total GHG emissions in 1990 were 70.7 million metric tons of carbon dioxide equivalent
(MMTCDE). The greatest sources were electric utilities with 25 MMTCDE, and agriculture with
15 MMTCDE.? The Action Plan for lowa presents options for (1) reducing emissions from these
sources (as shown in Table 1), as well as in the residential, commercial, industrial, and
transportation sectors, and (2) increasing forest carbon sequestration. Overall, the objectives
of lowa’s Action Plan are to reduce GHG emissions to 1990 levels by the year 2000 — which
will require a reduction of 5.7 MMTCDE below projected baseline emissions, and to achieve
further reductions by 2010.

Table 1. Highest Emission Sources and Associated Mitigation Strategies

Source of Emissions Mitigation Strategy

Electric utilities State & Federal voluntary programs for end
users of electricity

Growing energy crops
Developing wind power

Emissions trading (i.e., financing emission
reductions in other sectors, or outside lowa)

Reporting facility-level GHG emissions

Agriculture Reducing N,O from fertilizers
Improved manure management

Continued improvement of farm efficiency

The Action Plan also identified the effects that climate change could have on lowa. State
officials are primarily concerned with the potential effects on the state’s agriculture, water
supply, and energy demand.

STATE MITIGATION STRATEGIES

lowa has identified greenhouse gas mitigation measures for 7 sectors, as described below.
The Action Plan discusses 34 options, and selects 16 as the most cost-effective and easily
achievable. If the 16 options are implemented, the state projects that GHG emissions would be

? These values are from the summary of the lowa greenhouse gas inventory.
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reduced to 1990 levels by 2000.% The GHG reductions expected from each option are shown
in Table 2.

Fossil Fuel Combustion

Residential

State and Federal programs: Residential energy efficiency options include (1) ongoing energy
efficiency education programs for builders and building officials to improve compliance with
requirements to construct new homes in conformance with the Model Energy Code (MEC), and
(2) using lowa’s Home Energy Rating System (HERS) to indicate which homes merit energy
efficient mortgages (EEMs).

Transportation

Improve vehicle fleet efficiency: The emission reduction estimates in this sector rely on
implementing a revenue-neutral rebate system whereby there is a rebate for vehicles with a
relatively high fuel efficiency and a fee for those that achieve fewer miles per gallon.

Discourage single occupancy trips: Options include cashing out employer provided parking in
urban areas, and promoting transit use and telecommuting. The emission reduction estimates
in this sector rely on implementing a revenue-neutral rebate system whereby there is a rebate
for vehicles with a relatively high fuel efficiency and a fee for those that achieve fewer miles
per gallon.

Commercial

State and Federal energy efficiency measures: Several programs are in force or are to be
implemented in lowa. These programs, described below, include (1)Rebuild lowa, (2) Building
Energy Management Programs (includes lowa Energy Bank program and the lowa Facilities
Improvement Corporation), (3) Energy Star Buildings, and (4) Green Lights.

(1) The Rebuild lowa program is an opportunity for communities to invest in cost-effective
energy improvements in their schools, hospitals, local governments, colleges, commercial and
industrial facilities, and multi-family dwellings. At present, with the help of a federal grant, five
communities have been selected to participate in the program. As buildings become more
efficient through the program, they will serve as examples for managers of similar facilities in
other communities.

(2) The Building Energy Management Program provides advice, and helps identify and finance
the installation of energy improvement measures for state facilities, schools, hospitals, private
colleges, and local governments. Financing is structured so that energy savings cover the cost
of lease or loan payments for the measures, and the payback is six years or less.

(3) Energy Star Buildings is a federal program designed to improve efficiency in heating,
cooling, and air handling equipment.

(4) Green Lights, another federal program, promotes efficiency in facility lighting.

3 The Action Plan also specifies the maximum feasible extent to which these policy options could be
implemented. At the maximum feasible levels, additional GHG reductions of 19 MMTCDE would be
achieved by 2010.

Appendix 1-7



Page Intentionally Blank

Appendix 1-8


MALLAIRE
BlankStamp


Table 2. Greenhouse Gas Mitigation Strategies

Annual Emissions
Reductions (MTCDE)

in 2010 (Priority Cost Per
Sector Strategy/Action Options) MTCDE
Fossil Fuel Combustion
Residential Improved Efficiency Measures
State and Federal voluntary programs (610,000 not estimated
Sub-total 610,000
Industrial
& Commercial Improved Efficiency Measures
State voluntary programs 70,000 not estimated
Federal voluntary programs 1,900,000 not estimated
Emissions Trading 1,810,000 not estimated
Reporting Facility GHG Emissions 1,270,000 not estimated
Sub-total 5,050,000
Transportation
Improved Efficiency Measures
Revenue neutral fee/rebate 2,630,000 not estimated
Economic Incentives
Discourage single occupancy trips 160,000 not estimated
Sub-total 2,790,000
Electricity
Generation
Improved Efficiency Measures
Demand side management 180,000 not estimated
Production of energy crops 80,000 not estimated
Wind power development 250,000 not estimated
Emissions trading 1,810,000 not estimated
Reporting Facility GHG Emissions 1,270,000 not estimated
Sub-total 3,590,000 not estimated
Forestry
Tree Planting Program 2,450,000 not estimated
Sub-total 2,450,000 not estimated
Agriculture
Reducing N,O from Fertilizers 360,000 cost savings
Improved Manure Management 90,000 not estimated
Continued Improvement of farm 90,000 not estimated
efficiency
Sub-total 540,000 not estimated
TOTAL 15 million Annual cost
saving of
$300 million

Please note that the estimates in the table are given in metric tons of carbon dioxide equivalent (MTCDE).
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Industrial

State and Federal energy efficiency measures : Voluntary programs that are currently in place
include (1) Climate Wise, (2) Total Assessment Audit (TAA), and (3) Motor Challenge. These
programs are explained in turn:

(1) The Climate Wise program provides information and assistance on a range of
emission reduction opportunities. Companies are encouraged to reduce emissions by
measures such as altering production processes, switching to lower carbon content
fuels and renewable energy, implementing employee mass transit, and tracking energy
use for efficiency improvements.

(2)The TAA works in conjunction with the Climate Wise Program by analyzing waste
and productivity operations. The audits help firms enhance their competitive position
and improve their economic success.

(3) Motor Challenge promotes energy efficient electric motor systems; motor systems
account for 75 percent of the electricity used in industry. The aims of the program are
to increase the use of efficient motors and drive systems, improve industrial
competitiveness and productivity, save energy, and decrease industrial waste and
pollution.

Electricity Generation (Wind Power, Demand Side Management, and Production of
Energy Crops)

Wind Power: lowa has good potential for wind power, but at present it is not cost-effective
compared to conventional energy sources, because coal fired power plants can produce
electricity at less than $0.02/kW-hr. A state program developed under the 1991 Energy
Efficiency Act requires utilities to purchase 105 megawatts (MW) of alternate-energy which will
be provided by wind power or other sources. The lowa Utilities Board has given investor-
owned utilities a 1997 deadline for meeting this goal; the Action Plan anticipates that wind
power will supply the majority of this energy supply.

Demand Side Management: Utilities are investing millions of dollars in programs to improve
their customers’ energy efficiency; these programs will continue and may expand by the year
2010. Spending on energy efficiency programs by lowa utilities topped $76 million in 1994,
Outreach efforts targeted 226,000 residential and business customers and encouraged
improved lighting efficiency and installation of more efficient heating, ventilation, and air
conditioning (HVAC) equipment.

Production of Energy Crops: Programs are underway to determine the feasibility of growing
switchgrass in lowa as a renewable biofuel that would also sequester carbon dioxide. One
study has indicated that co-firing switchgrass with coal would be the most practical and
economical way to establish a biomass energy industry. It further projected that with relatively
low cost modifications at an existing utility, a biomass capacity of 35 MW could be achieved.
This would require an estimated 200,000 tons of biomass annually.

Cross-sectoral (Commercial, Industrial and Electricity Generation)

Emissions Trading: A global, national, or regional CO, trading system could be used effectively
to reduce overall GHG emissions while making pollution control a less expensive effort. lowa
estimated its emission reduction potential on the basis of a system similar to the sulfur dioxide
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allowance system in which allowances are allocated to each emitter based on their baseline
CO, emissions.

CO, Emission Inventory: Under this strategy, a reporting system is proposed for greenhouse
gas emissions. Like the 1986 Toxic Release Inventory (TRI) reporting program, the top ten
emitters of GHGs within the state would be published. The state hopes that, as in the case of
the TRI, most industries would take actions to reduce emissions to get their facilities off the list
and to improve public relations. Because the program could only be implemented a few years
prior to 2000, annual reductions of only 1 percent have been estimated for this strategy in the
industrial and utility sectors.

Agriculture (Fertilizer Use, Manure Management, and Improvement of Farm
Energy Efficiency)

Reducing N,O from Fertilizers: A number of programs have been in effect in lowa since 1982
to improve nitrogen management on lowa farms. The programs include the Big Spring
Demonstration project, the Integrated Farm Management Demonstration Project, the
Integrated Crop Management Project, and the Model Farms Demonstration project. The
education programs were funded by oil overcharge revenues at a cost of $26 million, with
savings to farmers of $363 million.

Improved Manure Management: lowa has the largest number of hogs of any state (14 million).
Under the priority option, state legislation would require large producers (those with more than
5,000 animals) to have methane capture facilities by the year 2000.This will reduce emissions
by 0.02 MMTCDE per year after the year 2000.

Continued Improvement of Farm Energy Efficiency: Total farm energy consumption in 1989
was only 60 percent of 1975 consumption, despite little change in acreage farmed. For this
strategy it is assumed that further efficiency gains will be made, without the need for state
action.

Forestry

Tree Planting Program: As a priority option, a total of 200,000 acres should be reforested with
poplar and native trees by the year 2015. This would be accomplished by voluntary efforts,
“free-trees” programs, Conservation Reserve Program conversion to permanent forest land,
and land purchases.

RECOMMENDATIONS

The options summarized in the Action Plan are largely voluntary in nature and many have
already been underway for several years. To help implement additional options that are not
currently underway, the lowa Greenhouse Gas Action Plan also recommends actions at the
federal level. These are:

o Beyond adopting public policies that directly affect those within its borders, lowa can work
with other states to influence the adoption of federal policies to conserve energy and
reduce CO, emissions.

o Emissions trading is a difficult program for lowa to enact alone. Rather, the state should
encourage the federal government to adopt an innovative CO, emission allowance system
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that would reduce CO, emissions equitably and efficiently.
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CLIMATE CHANGE ACTION PLAN FOR OREGON

STATE OVERVIEW

Oregon completed the Report on Reducing Oregon’s Greenhouse Gas Emissions (the Action
Plan) in March 1995, as part two of a three-step program. During step one (development of
emissions inventory), Oregon calculated the state’s greenhouse gas (GHG) emissions and
identified the largest sources of emissions. The third step will be to implement the actions
specified in the state’s plan. The Action Plan describes Oregon’s strategy, which consists of
near-term actions (i.e., a five year action plan) and longer term actions, as well as a scenario
of what it might take to stabilize Oregon’s greenhouse gas emissions at 1990 levels. This
scenario is presented in Appendix A of the Action Plan, and is summarized at the end of this
Action Plan summary. The Oregon Department Of Energy (ODOE) does not propose that
Oregon stabilize GHG emissions, because of the economic losses the state would incur in
doing so. Nonetheless, the Action Plan evaluates the type and magnitude of measures
required to meet a stabilization goal.

Total GHG emissions in 1990 were 56 million metric tons of carbon dioxide equivalent
(MMTCDE). The greatest sources were fossil fuel combustion for transportation with 20 million
MMTCDE, and electric utilities with 16 MMTCDE. ¢ Oregon’s strategy presents options for (1)
reducing emissions from these sectors (as shown in Table 1), (2) reducing emissions from
fossil fuel combustion in the residential, commercial, and industrial sectors, (3) reducing
emissions from solid waste management, and (4) increasing forest carbon sequestration.
Oregon predicts that its GHG strategy will reduce GHG emissions by “at least 2 million tons”
(presumably, 2 million short tons of carbon dioxide equivalent) in 2015, compared to a
‘business as usual” scenario.

Table 1. Highest Emission Sources and Associated Mitigation Strategies

Source of Emissions Mitigation Strategy

Transportation Implement the Oregon Transportation Plan (including
telecommuting)

Electric utilities Consider GHG emissions in integrated resource plans. Find
new ways to fund and achieve energy efficiency.

The Action Plan also identified the effects that climate change could have on Oregon. State
officials are primarily concerned with the potential effects of sea-level rise on Oregon’s coast.

STATE MITIGATION STRATEGIES

Oregon has identified greenhouse gas mitigation strategies for six sectors, as described below.
The Action Plan does not project the GHG reductions that will be achieved by each strategy,
nor the cost of the various strategies.

* These values are from the summary of the Oregon greenhouse gas inventory.
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Residential

If extended, the Residential Tax Credit program will continue to provide loans, rebates and tax
credits to households to fund energy effficiency improvements, while the Home Oil
Weatherization Program will continue to fund home weatherization. In addition, the Oregon
Department Of Energy (ODOE) (1) has developed standards for homes and appliances; (2)
provides technical information to consumers on ways to save energy; and (3) supports pricing
strategies and environmental costing policies that signal to consumers the need to conserve
energy and reduce GHG emissions.

Industrial and Commercial

The ODOE has a range of energy efficiency programs for this sector, including (1) codes and
standards for appliances, (2) training for building operators to run their equipment efficiently,
and (3) demonstration projects for new energy saving technologies. The Oregon Resource
Efficiency and Waste Prevention Program helps businesses, schools, industry, and cities use
energy efficiency measures to save money and reduce GHG emissions. The program helps
reduce costs by proposing ways to increase energy efficiency and decrease the production of
solid waste. The state also provides incentives for the recycling of waste.

Transportation

The five year action plan calls for implementing the Oregon Transportation Plan (OTP), which
would result in construction of more bike lanes and walkways. However, additional sources of
state, federal, and local funding will be needed to implement this plan. As part of the OTP and
in harmony with the state’s “20 x 2000” executive order (which directs Oregon state
government to reduce its energy use in facilities and transportation 20 percent by 2000 ), the
ODCOE is also collaborating with public and private employers to implement telecommuting;
particularly in the Portland area, to meet federal air quality standards. The Business Energy
Tax Credit program offers an incentive for purchasing telecommuting equipment.

The Plan also calls for the Oregon Department Of Transportation (ODOT) to develop an
integrated management system that guarantees compatibility of intermodal facilities and
systems. For example, it calls for rail mainlines to have convenient ramp, terminal, and reload
facilities for transfers from truck to rail for longhaul movement of freight.

In addition to the OTP, the Action Plan suggests educational efforts to inform state residents
about ways to save fuel when maintaining and operating their cars and trucks. The Action Plan
also calls for study of the potential for encouraging the purchase of efficient cars and trucks
through market-based incentives.

Utility

The Oregon Public Utility Commission requires utilities to consider CO, emissions as they
design their integrated resource plans. Oregon recognizes that the most efficient way to limit
damage is to ensure that prices signal the full costs of energy. The state continues to seek
ways to incorporate environmental consequences into energy decisions. As a result of electric
utility deregulation, it is hard for utilities to finance efficiency measures; because of this, the
Action Plan calls for finding new ways to fund energy efficiency.
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Forestry

The Oregon Forest Resources Trust (FRT), administered by the Oregon Department of
Forestry, aims to plant trees in 250,000 acres of damaged, non-productive and under-
productive forest lands over 15 years. Within the next five years, the state plans to fulfill a
substantial portion of the goals of the FRT. The state makes low interest loans to private, non-
industrial landowners for initial reforestation and rehabilitation costs. The landowners then
repay the loans by paying a percentage of the after-tax receipts when they harvest the timber.

Municipal (Recycling and Solid Waste Management)

The five year action plan seeks to implement the Oregon State Integrated Resource and Solid
Waste Management Plan. The solid waste plan calls for a continuous decrease in per-capita
solid waste disposal, and for using recycled materials in production and manufacturing. It has a
goal of a 50 percent recovery rate. As an incentive, the State’s Business Energy Tax Credit
program offers a 35% tax credit for purchasing equipment to recycle materials and to
incorporate recycled materials into new products. By reducing the amount of waste that goes
into landfills and capturing or flaring landfill gases, methane emissions from landfills will be
reduced by 0.04 million tons by 2015 (beyond the reductions from the capture or flaring of
methane from large landfills due to EPA’s landfill gas regulation).

Cross-sectoral

Additional aims of the five year action plan include helping the Portland metropolitan area
achieve the goals of its CO; reduction strategy. The Action Plan also calls for research on (1)
the effects of climate change on water, fisheries, agricultural and forestry resources; (2) sea
level rise on Oregon’s coast; and (3) climate change adaptation and mitigation.

Recommendations

The five year action plan includes existing plans and regulations that are in the early stages of
implementation as well as supplementary actions that could be implemented in the near term.
Because of the scope of the changes and the economic consequences for a state acting
alone, ODOE does not recommend actions that would stabilize emissions. In particular, ODOE
found no way to achieve sufficient reductions from transportation emissions through state
actions alone. Also, the state could not find a way to meet new demand in the electricity sector
solely with energy efficiency and renewable energy.

In light of this, the Action Plan suggests that the following national actions should be
implemented:

- Focus federal research and development, standards, incentives, collaborations, and
promotion activities to give priority to reducing greenhouse gas emissions, and use pricing
mechanisms to incorporate climate change externalities into the marketplace.

- Take leadership in areas where the federal government has pre-empted the states from
acting (e.g., vehicle and appliance efficiency standards). Leadership would involve (1) setting
standards, (2) sponsoring collaborative efforts with industry, states and other parties, and (3)
achieving significant advances in research and development.
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- Institute pricing mechanisms such as a carbon tax or tradable permits for carbon emissions,
which would be most effective as part of a national, and probably international, effort.

- Institute a national gas-guzzler fee / gas-sipper rebate (“feebate”) program. This would be an
incentive to consumers to purchase efficient vehicles, and a disincentive to purchase inefficient
ones. A national program could have a greater impact than a state program in that it could
influence manufacturers to provide more choices for efficient vehicles.

- Support research, development, and demonstration (RD&D) of new renewable resource
technologies and efficient energy conversion technologies such as fuel cells, and re-direct
RD&D funds away from fossil fuels and nuclear power and toward renewable resources and
efficient technologies.

- Collaborate with other stakeholders to develop an overall appliance and equipment efficiency
strategy to link new standards to RD&D and commercialization efforts.

- Revise alternative fuels policy for vehicles, to develop and promote only those fuels that
reduce greenhouses gas emissions.

Additional strategies, beyond those specified in Oregon’s Climate Change Strategy, that would
need to be implemented to stabilize GHG emissions in Oregon include the following:

Pay-as-you-drive insurance - This would involve charging an extra 50 cents per gallon of
gasoline for insurance, instead of the driver paying monthly or annually. |deally this would have
to be a federal program so that people living near the state border did not have an incentive to
buy fuel in other states.

Corporate Average Fuel Economy standards (CAFE) The GHG reductions projected for this
measure assume that cars achieve 50 miles per gallon (MPG) by 2015 and light trucks 40
MPG. At present the federal government forbids states from setting energy efficiency
standards. The current federal CAFE standard for cars is 27.5 MPG and for light trucks is 20.5
MPG.

Feebates - This is a cash incentive for consumers of efficient vehicles, combined with a
surcharge to discourage consumers from buying inefficient vehicles.

Better tires - Driving with under-inflated tires increases fuel consumption and makes the tires
wear out faster. The Action Plan relies on the US Department of Transportation to establish tire
standards. An education campaign could also alert the public to the potential savings.

Electric cars - The scenario forecasts the potential CO, emission reductions from having up to
15% of new car purchases being electric cars by 2010. It further assumes that the increase in
electric load will be met by renewable-based generation.

Gasohol - As an alternative fuel, the scenario assumes that low CO, gasohol will provide 20%
of the gasoline market by 2000, increasing to 65% by 2010. It also assumes that gasohol will
only be used in the winter months because of air quality concerns about using it in the
summer.
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Non-transportation petroleum fuels efficiencies - efficiency measures for commercial and
industrial equipment, such as improved operations and maintenance, and boiler efficiency
improvements, could reduce CO, emissions from such equipment by 10 percent.
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SUMMARY OF APPENDIX A OF OREGON'’S CLIMATE CHANGE ACTION PLAN

Hypothetical Greenhouse Gas Mitigation Strategies and Associated Emission
Reductions in 2000 and 2010 (for Oregon’s Stabilization Scenario)

Potential annual Potential annual emission
emission reductions reductions (MTCDE) in
Sector Strategy / action (MTCDE) in 2000 2010
[Residential Subtotal - -
Commercial Subtotal 0 0
Industrial Improved efficiency measures
non-transportation petroleum efficiencies 97,070 317,520
natural gas efficiencies 199,584 654,998
Improved industrial processes
Inert anodes for alumina reduction 0 73483
. Subtotal 296,654 1,046,001
Transportation Improved efficiency measures
Freight hauling efficiency improvements 229,522 564,299
Fuel switching
Cellulose and waste biomass based gasoh 213,192 509,393
New regulations
Oregon transportation plan 0 684,936
Economic incentives
Pay-as-you-drive insurance, High MPG cars
and light trucks (CAFE), Feebates, better
tires & electric cars. 1,075,939 4,093,286
Subtotal 1,518,653 5,841,914
Electricity generation |Renewables/ nuclear
Renewable resources and energy efficienc 233,150 2,747 909
Subtotal 233,150 2,747,909
Forestry Tree planting program
Forest Trust resources timber offsets 54,432 296,654
Additional In state timber offsets 0 766,584
Subtotal 54,432 1,063,238
Agriculture Subtotal 0 0
Municipal Subtotal - -
Cross - sectoral Subtotal - -
TOTAL 2,102,890 10,114,243

Please note that the estimates in the table are given in metric tons of carbon dioxide equivalent. No cost data are
provided in Oregon'’s Action Plan.

A dash indicates that the data are not available. Oregon also provides emission reduction estimates for 2005 and

2015.

Timber offsets - the stabilization plan reflects an additional 400,000 acres of Douglas fir and
350,000 acres of ponderosa pine. The cost would be about $25 - $45 per ton of carbon

sequestered.

Inert anodes for alumina reduction - Technology is available to reduce perfluorocarbon

emissions in the aluminum industry by 30 to 60 percent. Using an inert anode would reduce
both carbon and perfluorocarbon emissions. The US Department of Energy and EPA are
supporting research in this area.
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Natural gas efficiencies - the stabilization scenario reflects a decrease in natural gas
consumption of 10 percent as a result of new equipment standards and better design of
equipment for space conditioning, water heating, cooking and commercial and industrial
processes. The reductions could be greater if the federal government introduced more
stringent standards for new furnaces and water heaters.

Freight hauling - reductions in diesel fuel emissions could be achieved by more aerodynamic
designs; improved tires, transmissions, and engines; electronic engine controls; scheduling
improvements; and reductions in empty back hauling. The stabilization scenario assumes that
diesel is used mostly for freight hauling by truck and train, and that there would be a 10
percent reduction in GHG emissions as a result of the above measures.

Even with all these measures in force, Oregon would still have excess CO, emissions of 5
million tons above the target in 2000, and excess CO, emissions of 2.6 million tons in 2015. To
achieve these additional GHG reductions, Oregon states that a national carbon tax or tradable
emission allowances would be needed.
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CLIMATE CHANGE ACTION PLAN FOR PENNSYLVANIA

STATE OVERVIEW

Pennsylvania completed Phase /I of the Greenhouse Gas Inventory: Reducing Pennsylvania’s
Anthropogenic Greenhouse Gas Emissions (the Action Plan) in January 1995 as the second
phase of a three-phase program. During step one (development of an emissions inventory),
Pennsylvania calculated the state’s greenhouse gas (GHG) emissions and identified the
largest sources of these emissions. The third step will be to implement the actions specified in
the state’s plan.

Total GHG emissions in 1990 were 278 million metric tons of carbon dioxide equivalent
(MMTCDE). The greatest sources of emissions were fossil fuel combustion in (1) the utility
sector with 89 MMTCDE, (2) the industrial sector with 62 MMTCDE, and (3) the transportation
sector with 57 MMTCDE.® The Action Plan for Pennsylvania presents strategies for reducing
emissions from these sources as well as from commercial and residential fossil fuel
combustion, mining and extraction, landfills, agriculture, and land use. Strategies addressing
two of Pennsylvania’s three highest emission sources are shown in Table 1. Overall, the
objective of the Action Plan is to reduce GHG emissions “through viable mechanisms that do
not inhibit the state’s economy.” The Pennsylvania Energy Office (PEO) did not set a target
emissions level in the Action Plan, nor a target date for implementing the plan. The Action Plan
does not address the effects that climate change could have on the state.

Table 1. Highest Emission Sources and Associated Mitigation Strategies

Source of Emissions Mitigation Strategy

Utility Fossil Fuel Combustion Clean Coal Projects

Demand Side Management

Transportation Fossil Fuel Combustion Employer Trip Reduction

Enhanced Vehicle Inspection and Maintenance
Program

STATE MITIGATION STRATEGIES

Pennsylvania identified more than 15 GHG mitigation strategies in the areas of fossil fuel
combustion, mining and extraction, landfills, agriculture, and land use sectors, as well as five
cross-sectoral actions, as outlined in Table 2. The plan identified programs currently in place
as well as proposed actions to further reduce GHG emissions. The Action Plan does not
provide specific emission reduction potentials for most actions, nor does it estimate costs for
individual actions. The GHG reduction measures are summarized below.

> These values are from the summary of the Pennsylvania greenhouse gas inventory.
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Table 2. Greenhouse Gas Mitigation Strategies

Sector

Strategy

Projected Annual Emission
Reductions in 2010 (MTCDE)

Fossil Fuel Combustiol

Residential Building Energy Conservation Act not estimated
Community Action and Resources for Energy Savings not estimated

Subtotal not estimated

Commercial Green Lights Program not estimated
Building Energy Conservation Act not estimated

Subtotal not estimated

Transportation Enhanced Vehicle Inspection and Maintenance Program not estimated
Employer Trip Reduction not estimated

Subtotal not estimated

Utility Clean Coal Projects not estimated

Demand Side Management

2,721,600

Subtotal

not estimated

Mining/Extraction

Coalbed Methane Recovery and Use

not estimated

Landfills Landfill Gas Recovery not estimated
Grants for Landfill Gas Capture not estimated
Subtotal not estimated
Agriculture Nutrient Management Program not estimated
Deep-Pit Manure Systems not estimated
Information Dissemination not estimated
Subtotal not estimated
Land Use Cool Communities not estimated
Stabilization of Forest Lands not estimated
Subtotal not estimated
Cross-Sectoral State Agency Task Force not estimated
PEO Partnerships not estimated
PEO Educational Outreach not estimated
Grant Programs not estimated
Extension of Cool Communities Program (outreach to local not estimated
officials)
Subtotal not estimated
Total not estimated
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Fossil Fuel Combustion

Residential

Building Energy Conservation Act (BECA) - Pennsylvania enacted BECA, Pennsylvania’s Act
222, to require that design and construction of new residential buildings meet minimum energy
conservation standards. This also applies to additions and renovations to existing buildings.

Community Action and Resources for Energy Savings (CARES) - Project CARES is designed
to implement various energy efficiency measures in specific communities. One such activity
involved weatherization improvements in a low to moderate income apartment complex.

Commercial

Green Lights Program - PEO encourages small businesses to participate in EPA’s ongoing
Green Lights Program, which promotes energy efficiency in lighting.

Building Energy Conservation Act (BECA) - BECA, described above for the residential sector,
also applies to commercial buildings.

Transportation

Enhanced Vehicle Inspection and Maintenance Program - This program requires automobiles
to operate at “standardized efficiencies” that reduce emissions.

Employer Trip Reduction Program - This program reduces the number of vehicles traveling to
and from employment sites by promoting measures such as “high occupancy vehicles,
enhanced transit services, and improved parking management measures for companies [with
more than 100 employees] in areas of severe ozone nonattainment.” In addition, “each large
employer in the five-county area around Philadelphia is required to achieve a commuting
employee passenger occupancy of approximately 25% more than that of the area-wide
average occupancy per commuting vehicle.”

Utility
Clean Coal Projects - The Pennsylvania Energy Authority has designated nearly $13 million

dollars for research projects focused on environmental enhancement, energy efficiency, and
conservation. To date, 58 Clean Coal Projects have been supported.

Demand Side Management Plans - These plans will evolve into programs that prevent
emissions of carbon dioxide by over 2.7 MMTCDE per year by 2010. All Pennsylvania utilities
are required to submit demand side management plans to the Pennsylvania Public Utility
Commission.

Mining/Extraction

Coalbed Methane Recovery and Use - The plan proposes that PEO and the Department of
Environmental Quality should work collaboratively to implement a program to encourage the
capture and use of coalbed methane.
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Landfills

Landfill Gas Recovery - Seven of the landfills in Pennsylvania are already recovering landfill
methane or are planning to do so. The PEO and the Department of Environmental Regulation
(DER) participate in EPA’s Landfill Methane Outreach Program as State Allies.

Grants for Landfill Gas Capture - The Pennsylvania Economic Development Financing
Authority (PEDFA) makes low-interest loans for landfill gas recovery projects. PEDFA makes
loans for up to 100% of project costs, at 75 percent of the prime interest rate, for a term of up
to 30 years.

Agriculture: Manure Management

Nutrient Management Program - the Department of Agriculture operates a Nutrient
Management Program that provides information to farmers and others, and sponsors programs
on issues such as alternative uses for manure.

Deep-Pit Manure Systems - The Pennsylvania Department of Agriculture and the Pennsylvania
Department of Environmental Resources are actively pursuing the enhancement of deep-pit
manure systems to collect methane for use in near-site electricity generation.

Information Dissemination - The plan proposes that the PEO and the Department of
Agriculture should provide farmers with information about energy-efficient sustainable farming
practices.

Land Use

Cool Communities - This program, organized by PEO and the DER, creates local partnerships
to reduce the urban heat island effect through strategic tree planting and surface color
lightening.

Forest Lands - Pennsylvania forest growth exceeds harvests; as a result, the state’s
17,000,000 acres of forest lands sequester approximately 141 MMTCDE a year.

Cross-sectoral

State Agency Task Force - Pennsylvania established a task force of state agencies (PEO,
Public Utilities Commission, Department of Agriculture, Department of Transportation, and
Department of Commerce) to formulate state policies to reduce greenhouse gas emissions.

PEO Partnerships - PEO will continue to engage in partnerships with private sector firms and
local governments to establish energy conservation practices and promote the use of
alternative sources of energy.

PEO Educational Outreach Programs - The plan proposes that the PEO should perform more
education and outreach activities in order to make state residents more energy- and
environmentally-literate. PEO staff have met with various interest groups, including the Council
of Boroughs, to make progress towards achieving this goal.

Grant Programs - Pennsylvania has a number of grant programs that could reduce the
emissions of greenhouse gases. These programs include the Energy and Environmental
Grants Program, the Recycling Grants Program, and the Alternative Fuels Program.
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Expansion of the Cool Communities Program - The plan proposes an expansion of the Cool
Communities program to include an educational and technical assistance program for local
officials and also an improved training program for urban foresters.

RECOMMENDATIONS

The Pennsylvania Action Plan suggests future actions concentrated on education and
technical assistance, the adoption of environmentally sound technologies, and the
establishment of a cooperative public-private approach to addressing GHG emissions. These
recommendations, taken verbatim from the Action Plan, are listed below:

1. Community Action Programs, consisting of direct technical assistance, public information
programs, and the development of tailored energy and environmental programs, have been
proposed. These multi-phased community energy efficiency programs would focus the
attention of local leaders on the greenhouse gas issue and provide these leaders with
information and assistance on energy and environmental issues.

2. Expansion of the Cool Communities Program to include an educational and technical
assistance program for local officials and also an enhanced training program for urban
foresters. This enhanced training in cool community concepts will better equip urban foresters
to provide on-site assistance to communities interested in implementing the program.

3. As an extension of the Cool Communities Program, the Commonwealth should organize
and implement a program of outreach and technical assistance to local governments in the
area of energy efficiency. This type of program could be developed by the PEO and delivered
to local governments through existing training and outreach services conducted by the
Pennsylvania Department of Community Affairs.

4. The PEO and the DER should work together to implement a program to facilitate the capture
and use of coalbed methane. Such a program could be modeled after the Landfill Gas
Outreach Program. A potential mechanism for this program may involve the DER which,
through its Bureau of Oil and Gas Management, has held a series of meetings to pursue a
coalbed methane program.

5. The Commonwealth, through the PEO and the Department of Agriculture, should expand
information to farmers about sustainable farming practices which not only are energy efficient,
but which are also beneficial to the local environment. This could be accomplished through the
use of existing mechanisms such as the Nutrient Management Program. This could also
include developing a joint strategy to develop cost effective designs for small scale on-farm
digesters that would collect methane and turn it into a usable energy source for the farm. A
mechanism of this could be financial assistance for the design of such systems offered
through the Commonwealth programs, such as the Agricultural Technology Loan program in
the Department of Agriculture or from other sources, such as the Center for Rural
Development. In addition, the Department of Agriculture, in conjunction with the PEO, should
develop Pennsylvania’s electrofarming potential through use of crops like C-4 switchgrass.
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CLIMATE CHANGE ACTION PLAN FOR WASHINGTON STATE

STATE OVERVIEW

Washington State completed the Greenhouse Gas Mitigation Options for Washington State
(the Action Plan) in April 1996 as part two of a three-step program. During step one
(development of emissions inventory), Washington calculated the state’s greenhouse gas
(GHG) emissions and identified the largest sources of emissions. The third step will be to
implement the actions specified in the state’s plan.

Total GHG emissions in 1990 were 61 million metric tons of carbon dioxide equivalent
(MMTCDE).6 The greatest sources were fossil fuel combustion for transportation with 42
MMTCDE; land use (especially forest changes including land conversion and slash burns) with
38.1 MMTCDE;’ and industrial processes (especially aluminum production) with 6 MMTCDE.
The Action Plan presents strategies for reducing emissions from these sources as well as from
fossil fuel combustion in the residential, commercial, and utility sectors. Strategies addressing
sectors with the highest emissions are shown in Table 1. In order to reach the goal of returning
GHG emissions to 1990 levels, Washington would need to reduce emissions by 16.3
MMTCDE by the year 2010 (the target year for the Action Plan), in comparison with emissions
under a “business as usual’ scenario.

Table 1. Highest Emission Sources and Associated Mitigation Strategies

Source of Emissions Mitigation Strategy

Fossil Fuel Combustion for Increased Parking Fees
Transportation Tire Pressure Check
Gasoline Tax
Feebate

More Efficient Airplane Engines

Land Use: Forest Changes Afforestation
Industrial Processes: Aluminum Aluminum Manufacturing Process Improvements
Production

The Action Plan also identified the effects that climate change could have on Washington.
State officials are primarily concerned with potential effects of sea-level rise, especially for the
central-south Puget Sound and central coastal areas.

STATE MITIGATION STRATEGIES

Washington evaluated more than 35 GHG mitigation strategies for fossil fuel combustion,
industrial processing, and land use sectors, as outlined in Table 2. It should be noted that the
potential programs identified in this report did not undergo highly detailed review and the

® This value is from the summary of the Washington greenhouse gas inventory.
" These land use emissions are offset by 46.4 MMTCDE sequestered through Washington’s net annual
forest growth.
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estimated emission reductions and costs only identify the most promising programs. Flexibility,
economic efficiency, and feasibility were considered in determining promising programs. One
of the criteria for selecting mitigation strategies was cost-effectiveness: actions with costs
higher than $100 per metric ton of GHG controlled were rejected. The GHG reductions
expected from each strategy, and associated costs, are shown in Table 2. It is very important
to note that in terms of greenhouse gas emissions, there is often overlap between sectors. For
example, little is gained from reduced residential electricity use if the electricity displaced is
from a renewable resource. Therefore, the emission reduction estimates presented herein can
not be added across sectors. Washington’s GHG strategies are summarized below.

Fossil Fuel Combustion

Residential

Existing Home Retrofits: Potentially, large reductions of GHG emissions may result from
efficiency measures, conservation, and fuel switching in existing homes. Washington has a
large inventory of homes built before 1970 which lack adequate insulation. These homes
provide a great opportunity for energy savings; it is cost effective to retrofit insulation in the
ceiling and crawl space to an R-19 level and in exterior walls to an R-11 level. Other
possibilities for reductions include: converting to electric space and/or water heating to natural
gas, installing low-flow shower heads, and installing compact fluorescent light bulbs. A
program aimed at replacing incandescent bulbs with fluorescent bulbs could result in as much
as a 130 megawatt reduction in the state’s average electricity demand.

New Building Practices: Upgrading the residential energy codes to class 35 windows (e.g.,
windows with an insulation value of U-3.5) for new construction is one cost-effective option to
reduce GHG emissions through energy conservation, because the energy savings exceed the
cost of the upgraded windows. In addition, emission reductions can be obtained through
upgrading the residential energy codes for insulation used in new construction (see Table 2).

Commercial

Food Refrigeration Efficiency Improvements: Several measures for commercial food
refrigeration systems offer large energy savings. For example, multiple compressors in parallel
reduce energy use 13 to 27 percent, and glass doors for supermarket display cases lower
energy use 30 to 60 percent.

Fluorescent Lighting Retrofits: Implementing commercially available lighting technologies
could lower lighting electrical use by 40 percent. Potential efficiency improvements include:
fluorescent lamps, ballasts, lighting fixtures, and lighting control switches.

Improvements for Public Buildings: There is the potential for improving the energy efficiency of
many public buildings, such as schools, recreational facilities, prisons, etc. Conservation
measures would include lighting (e.g., controls that reduce hours of operation), heating,
ventilating and air conditioning systems (e.g., improved controls and operation), building
envelopes (higher insulating windows), and improved appliances (e.g., low-flow faucets).

Transportation

More Efficient Airplane Engines: Commercial jet fuel is one of the fastest growing areas of
fossil fuel consumption. Between 1990 and 2010 consumption in Washington is projected to
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almost double and carbon dioxide emissions are estimated at over 17.2 MMTCDE. The
Ultrahigh bypass high-efficiency, unducted fan engine is one way to reduce these emissions.

Table 2. Greenhouse Gas Mitigation Strategies®

Sector Strategy/Action Potential Annual | Cost per MTCDE
Emission
Reductions
(MTCDE) in 2010
Fossil Fuel
Residential Existing Home Retrofits
Install Fluorescent Lighting 417,312 not estimated
Hot Water Tank Upgrade 3,629 $3
Direct Use of Natural Gas 226,800 cost savings
R-19 Attic Insulation, Electrically Heated Homes 189,605 cost savings
R-11 Wall Insulation 102,514 cost savings
R-19 Floor Insulation for Natural Gas Homes 105,000 cost savings
R-30 Attic Insulation for Natural Gas Homes 13,608 cost savings
Low Flow Shower Heads 6,350 cost savings
R-11 Duct Insulation for Natural Gas Homes 9,979 $18
Caulking Joints in Natural Gas Homes 4,536 $3
New Building Practices
Class 35 Windows Code 96,163 cost savings
R-30 Floor Insulation Code for Natural Gas Homes 15,422 $65
R-38 Attic Insulation Code for Natural Gas Homes 5,443 $82
R-21 Wall Insulation Code 22,680 $86
Subtotal 1,219,042 insufficient data
Commercial Fluorescent Lighting Retrofits 4,898,880 cost savings
Food Refrigeration Efficiency Improvements 498,960 cost savings
Improvements for Public Buildings 397,354 cost savings
Subtotal 5,795,194 cost savings
Transportation | More Efficient Airplane Engines 725,760 cost savings
Tire Pressure Check 31,752 cost savings
Parking Restrictions not estimated not estimated
FeeBate ($100/MPG off baseline) 3,991,680 $0
Gas Tax ($1.00/gallon) 7,711,200 $17
Vehicle Mileage Tax (0.04/mile) 7,439,040 $50
Diesel to Electric Train Conversion 199,584 not estimated
Truck to Train Mode Shift 1,524,096 not estimated
Subtotal 21,623,112 insufficient data
Utility Chemical Boiler Cogeneration 371,952 cost savings
Landfill Gas Combustion 448,157 $0
Animal Manure 9,979 $2
Wood Waste Combustion 136,080 $88
Agricultural Waste Combustion 255,830 $103
Wind 408,240 not estimated
Nuclear Power 2,685,312 $28
Subtotal 4,315,550 insufficient data
Industrial Petroleum Refining Process Improvements 121,565 not estimated
Pulp and Paper Process Improvements 95,165 not estimated
Aluminum Process Improvements 1,074,125 not estimated
Subtotal 1,290,855 not estimated
Land Use - Forest | Afforestation 4,989,600 $4
[ Total® 39233352 | insufficient data |
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? Please note that the estimates in the table are given in metric tons of carbon dioxide equivalent.
b Please note that the emission reduction estimates are not additive. See text for further explanation.
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Given the mobile nature of airplanes and interstate commerce issues, the Action Plan noted
that an individual state can do little to promote acquisition and use of these engines. Progress
will depend upon federal action.

Increased Parking Fees: Many commuters do not bear the full costs of parking and, as a
result, drive more frequently than is socially optimal. Increasing the cost of employee parking to
reflect its full costs would correct this inefficiency. However, it will be difficult to persuade
commuters who currently receive free parking to accept this change. Unless other salary or
benefit adjustments were made, commuters would bear the costs while employers would reap
the benefits. Under one option, the state could require employers to pay a parking fee for
every employee using a single occupant vehicle to get to work.

Tire Pressure Check: A slight modification of the Inspection and Maintenance (I&M) program
could improve automobile efficiency. At any given time, approximately half the motor vehicles
have under-inflated tires. These vehicles suffer an efficiency loss of about one mile per gallon.
Incorporating tire check/inflation into the I&M procedure would reduce gasoline consumption
and carbon dioxide emissions.

Gasoline Tax: Higher fuel prices due to a gasoline tax would result in improved vehicle
efficiency and lower vehicle miles traveled. Commuters would acquire more fuel efficient
vehicles and adopt behaviors which lower transportation demand, such as moving closer to
work or using alternatives to single occupancy vehicles. The reduction in travel and the
improvement in fuel efficiency could save 900 million gallons of gasoline.

FeeBate: A feebate system sets a standard level of motor vehicle efficiency against which
each new motor vehicle is compared. A fee is charged to purchasers of vehicles below the
efficiency standard and a rebate is awarded to those who purchase vehicles above the
standard.

Vehicle Mileage Tax: A vehicle mileage tax raises travel costs in order to reduce vehicle miles
traveled. Data from the Washington State Department of Transportation suggest that a $0.04
per mile tax could lower vehicle travel by approximately 18.6 billion miles in the year 2010. This
would result in a reduction of 866 million gallons of gasoline and thus would lower GHG
emissions.

Diesel to Electric Train Conversion: In Washington, trains consume significant quantities of
energy. Electric trains emit 15 percent less carbon dioxide per ton-mile than do diesel trains.
Thus, conversion of diesel trains to electric trains would reduce GHG emissions.

Truck to Train Mode Shifts: Trains consume much less energy per ton-mile than trucks.
Assuming a conservative in-use energy consumption truck-to-train ratio of 3:1, approximately
330 pounds of carbon dioxide emissions are reduced for every 1,000 ton-miles of freight
diverted from trucks to trains. The feasibility of such a shift depends on both the proximity of
current rail facilities to cargo origination and destination points, and the capacity of rail facilities
to absorb the new load. Absorbing the new load does not appear to pose a problem because
the national rail network operates at about 20-25 percent of capacity. However, the extent to
which truck cargo may be diverted to trains is uncertain.

Utility
Chemical Boiler Cogeneration: Washington has 19 paper mills, nine of which have chemical
recovery boilers. Chemical recovery boilers recycle chemicals used to pulp wood into fiber,
reduce wastewater discharges, and create excess steam which is used to produce electricity.
Washington State Energy Office (WSEQ) estimates that upgrades to four boilers along with
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new generating equipment at five other boilers would increase the electricity generating
capacity in this sector to over 203 aMW (average megawatt).

Landfill Gas Combustion: Landfills in Washington are projected to produce 369,775 metric
tons of methane in 2010. WSEOQ projects that a collection system will capture about 75 percent
or 277,331 metric tons of methane. At a conversion rate of 9.4 MW/trillion Btu for internal
combustion engines, landfill methane could produce about 140 aMW of electricity in 2010.

Animal Manure: Dairy cows provide the major recoverable animal manure resource in
Washington. In 1992, the manure generated by about 242,000 dairy cows had the potential to
produce 26 aMW of electric power. A cost per kWh of 0.039 and 0.041 is estimated for herd
sizes of 1500 and 750 head, respectively. Assuming a size cut off of 750 head, a 5.5 aMW
generation potential exists from manure methane recovery and electricity generation. The
climate change benefits of this strategy not only include the displacement of electricity from
other generating sources, but also includes a reduction in methane emissions.

Wood Waste Combustion: Woody residues include two potential biomass fuels — forest
residues and mill residues. Forest residues include material left after a timber harvest, stagnant
and dying timber, hardwood stand conversions, and pre-commercial thinnings. Washington
projects that 2,350 Mbtu of forest residues will be economically available for energy production
each year beginning in 2010. Mill residues are generated when timber is converted into lumber
and plywood. A projected 5,500 Mbtu of mill residues are assumed to be economically
available to produce electricity in 2010. Alternative wood-fired power plants could supply
approximately 43.5 aMW of electricity in 2010.

Agricultural Waste Combustion: Crop residue burning as a source of electricity generation in
Washington has the potential to offer important GHG reduction benefits. Approximately 50,000
MBtu of residues are annually left on Washington fields. Washington does not currently
practice agricultural waste combustion to produce power, however other areas such as
California do utilize this resource.

Wind: Using current wind turbines, Washington’s estimated wind resources are approximately
900 MW. The potential for wind energy in Washington State is limited by the windiness of an
area, competing land uses, and the cost of project development. The intermittent nature of
wind gives rise to concerns about its ability to supply base-load needs. However, for
Washington, it is an attractive complement to the regional hydroelectric energy system.

Nuclear Power: There is one nuclear powered electricity generation facility operating in
Washington, WNP-2. In 1994, it operated at a capacity factor of 71.8 percent and generated
about 840 aMW of electricity. Because no fossil fuel was combusted, the 840 megawatts
generated by WNP-2 reduced GHG emissions by 2.69 MMTCDE.?

Industrial Processes

Petroleum Refining Process Improvements: The adoption of available state-of-the-art
technologies can reduce energy consumption in the petroleum sector by about one-third. For
example, improvements could be made to the distillation method which is one of the most
energy-intensive steps in the refining process. Distillation is the primary process for breaking
down crude oil into its constituent hydrocarbons. Technologies such as vapor recompression,
staged crude preheating, and air condensers can reduce energy use in distillation by 55
percent.

¥ Note that the Action Plan takes no position on the environmental issues surrounding nuclear power.

Appendix 1-30



Pulp and Paper Process Improvements: The adoption of state-of-the-art technologies by the
pulp and paper industry could reduce energy consumption by 29 percent below that of current
average practices. For example, improvements could be made to drying and stock preparation
which are the most energy-intensive activities of paper production. Modern technologies such
as top-wire formers and improved mechanical and thermal water removal techniques can
reduce the energy use of this stage by approximately 32 percent.

Aluminum Process Improvements: The adoption of state-of-the-art technologies in the
aluminum industry would reduce energy consumption by 16 percent below that of current
average practices. Smelting consumes about 65 percent of the energy used in aluminum
production. Using the latest technology for smelters would result in a 11 to 18 percent
efficiency improvement.

Land Use

Forest Changes
Afforestation: This strategy will sequester carbon dioxide by planting idle cropland with trees.
The 1992 Department of Commerce Agricultural Census reports approximately 450,000 acres
of idle cropland in Washington. A study cited in the Action Plan estimates that newly planted
Pacific coast forests sequester 12.2 tons of carbon dioxide per acre.

Recommendations for Federal Action

Washington’s Action Plan emphasized that major progress in reducing GHG emissions in
many of the areas of the transportation sector depends on action by the federal government.
Several of the state’s recommendations for federal action follow.

+ Washington suggested that the federal government implement more stringent
standards for motor vehicle fuel efficiency. The U.S. government is the sole regulator of
motor vehicle fuel efficiency and federal statutes prohibit states from establishing
motor vehicle efficiency standards. Federal regulation began in 1976 through Corporate
Average Fuel Efficiency (CAFE) standards. Proponents of fuel efficiency standards
argue that currently available technologies could markedly improve motor vehicle
efficiency. The Congressional Office of Technology Assessment (OTA) projected that
regulatory pressure could raise average new car fuel efficiency by about 13 percent in
2000 and 22 percent by 2005.

+ The federal government could support FeeBate programs. The U.S. Department of
Transportation (DOT) blocked Maryland’s effort to enact a FeeBate program. DOT held
that fuel economy incentive programs are preempted by federal statute. Maryland’s
Attorney General, while conceding that certain aspects of the Maryland law violated the
federal preemption, otherwise affirmed the state’s right to enact a FeeBate. Presently,
the legality of a feebate based on fuel efficiency is uncertain.

+ Washington can do little to promote acquisition and use of the Ultrahigh bypass high-
efficiency airplane engine because of the mobile nature of airplanes and interstate
commerce issues. Progress in the adoption of this engine technology depends upon
federal action.

+ Federal government policies could directly promote rail transportation in the form of
subsidies or tax breaks.
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RECOMMENDATIONS

The Washington Action Plan offers the following framework for policy-makers developing a
response to global climate change:

1. Actively pursue those mitigation strategies that are cost effective for reasons other than their
greenhouse gas reduction benefits.

2. Efforts to reduce greenhouse gas emissions are investments in the future of the state and
nation. As an investment, the mitigation program must compete with other claims on state
resources (e.g., education, welfare programs, police and fire protection, etc.).

3. The use of cost effectiveness criteria to develop a mitigation program is essential. The cost
of changing energy, industrial, land use, agriculture, and forestry practices range from cost
savings to very expensive. Obtaining the largest emission reduction at the lowest cost is
sensible.

4. The expected consequences of global climate change should drive the scope and
stringency of a mitigation program.

5. Any mitigation program should consist of a diverse portfolio of programs to protect against
unexpected economic and emission effects.

6. Given the uncertainties surrounding climate change, the state should consider carbon
dioxide controls as insurance against as yet unknown consequences.

7. The state should commit to better understand the effects of climate change and to further
develop greenhouse gas mitigation options. A better understanding of climate change reduces
the need to hedge against the uncertainty and improved GHG mitigation technologies will
enhance our ability to deal with surprises should they occur.

8. With regard to specific concerns within Washington, perhaps the best policy-makers can do
is to identify and develop response plans for those activities/environments most sensitive to
climate change. In this way the state can help minimize adverse climate change consequences
should they occur.
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Estimating GHG Reductions From State Actions to Improve Solid Waste Management
Practices

This appendix contains three sections: (1) Background. (2) A Life Cycle Approach: Evaluating
and Incorporating Solid Wastc Management Actions in a Statewide GHG Mitigation Plan. and (3)
Examplc Plan for Waste Management Mitigation Actions. The background scction sketches some national
trends in solid wastc management actions. identifics solid waste management actions which may vield GHG
rcductions. and discusses the importance of integrating solid wastc management actions into a statewide
GHG mitigation action plan. The next scction discusses the importance of using a life cvele approach for
cvaluating the GHG impacts of current and future solid wastc management actions. In the last scction of
this appendix. an example MSW management scenario is presented for a hvpothetical state looking to
cvaluate its current and future solid waste management actions from a GHG perspective. The example
cstablishes a bascline scenano of solid waste management actions and compares it to a future scenario: the
futurce scenario uscs solid wastc management as part a statewide GHG mitigation action plan.

Background

To achicve statewide source reduction and recveling goals. many states and municipalitics develop
municipal solid wastc (MSW) management plans which include a varicty of measures such as curbside
collection and reeveling programs. recveling drop-off centers. and vard trimmings composting facilitics.
According to a recent nationwide survey. 43 states have waste reduction and/or reeveling goals in place.’
Nationwide. approximately 31% of the US population has access to curbside recveling. and the number of
drop-off reevcling programs continucs to grow.”

Additional MSW management measures provide opportunitics for statcs to mect and exceed their
source reduction and reeyveling goals. Such measures include introducing “Payv As You Throw™ (PAYT)
pricing for wastc collection. increasing the service arca or improving collection cfficicney of curbside
recveling programs. increasing commercial scctor recyveling. and banning landfilling of organic wastes such
as vard timmings. Notc that in most statcs. the role of state government is to develop plans and standards:
local governments implement solid waste policy. Thus. anv statc actions addressing solid waste should
start with full coordination and consultation with local officials.

Many states are in the process of reevaluating their MSW management goals. This reevaluation
proccss provides the opportunity for state and local authoritics to consider the GHG reduction benefits of
different MSW management strategics currently in place. and identify opportunities to further achicve
GHG reductions in the MSW scctor. Viewing MSW management actions from a GHG perspective
providcs the basis for including and integrating these management actions into a statewide GHG mitigation
action plan.

A Life Cycle Approach: Evaluating and Incorporating MSW Management Actions in a Statewide
GHG Mitigation Plan

To incorporatc MSW management actions into a statewide GHG mitigation action plan. onc must
first identifv the impacts of MSW management actions on GHG cmissions. Herctofore. most of the focus
on GHG cmissions associated with waste management has been on methane emissions from landfills.

' BioCycle. 7The state of garbage in America. April. 1997.
" Ibid.
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There are. however. many emissions and sinks upstrcam of the point of disposal that arc affccted by MSW
management. A life cvele approach provides an analyvtic framework for evaluating the full range of GHG
cmissions and sinks. Major GHG sources associated with MSW include carbon dioxide from fossil fucl
buming associatcd with raw matenal extraction manufacturing processcs. and transportation: process non-
cnergy emissions: landfill methane: and waste combustion. These emissions arc offsct to some degree by
cnergy recovery at municipal waste combustors and landfill gas collection systems. and enhanced carbon
scquestration by forests and landfills.

For MSW managcement. EPA has conducted a strcamlined life ¢yvele inventory (LCI) focusing on
the GHG impacts of ten MSW components (¢.g.. paper. plastics. mctals) in various ways. The EPA draft
working paper Greenhouse Gas Emissions from Municipal and Solid Waste Management® and the EPA’s
Waste Reduction Model (WARM)? provide GHG cmission factors. for wastc strcam components. that arc
bascd on an LCI framework. EPA’s rescarch indicates that for many matcerials. the effect of recyveling or
source reduction on net GHG cmissions is more closely related to upstream energy emissions and forest
carbon sinks than to landfill mcthanc emissions. and so a life cyvcle approach is able to capturc the benefits
of solid wastc management options in a more holistic way-.

EPA rccognizes that LCls have limitations. Data vary with respect to quality. quantity. validity.
and robustncss. For cxample. data may vary scasonally. regionally. and locally as a result of changes in
cconomic activity. demographics. diffecrent state and local waste regulations. or different waste accounting
practiccs. When state or local data arc not available. it is possiblc to usc averaged national data.
Application of averaged national data may not accurately reflect state or local conditions. However. in the
absence of state or local data. averaged national data arc a good proxy. The EPA rescarch to date. has
very wide error bounds and is bascd on average national conditions: nevertheless. the information it
provides on GHG cmissions from wastc management is suitable for cstimating the impacts of voluntary
GHG reduction activitics.

Example Plan for Waste Management Mitigation Actions

The objective of this cxample is to demonstrate to developers of State Action Plans the value of
incorporating wastc management activitics in their plans. This example uscs averaged national data to
cstimatc GHG cmissions resulting from the bascline and future MSW management scenarios for a
hypothetical state. The initial (bascline) scenario is based on some simple assumptions about MSW
management activitics in the current vear. This bascline scenaro provides the starting point from which to
consider futurc changes in MSW management actions. The future scenario is based on the successful
implementation of a varicty of wastc management activitics which result in increases in overall recovery
and a reduction in GHG cmissions.

The hypothetical scenarios focus on a sct of ten materials” present in the MSW stream for which
EPA has cstimatcd GHG cmission factors. EPA is conducting rescarch to develop emission factors for
additional materials such as glass and wood.

P EPA 530-R-97-010. March 1997. USEPA Officc of Solid Wastc and Emergency Responsc.

* Available through the USEPA Office of Solid Wastc.

* These materials include paper (office paper. newsprint. corrugated cardboard). metals (aluminum cans. stecl
cans). plastics (HDPE. LDPE. and PET). food scraps. and vard trimmings.
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Methodological Approach and Assumptions

To establish a bascline and futurce scenario for the hypothetical state. the following assumptions
were made.

Waste Generation:

Total waste gencration is the product of the per-capita waste generation rate and the state
population. In both the bascline and future scenarios. this analvsis assumes a statc population of 3 million
people and a per-capita waste generation rate of 4.3 pounds of waste/person/day.”

Bascline Scenario Assumptions:

The bascline scenario assumgs the state currently landfills most of its waste. and also uscs waste-
to-cnergy as a management option. Recveling actions include curbside recveling programs in major
residential arcas. some recveling collection centers. some vard waste composting facilitics. and a limited
industrial/commercial recveling program. These assumptions are based largely on BioCycele s “The State
of Garbage In America™ which reported the number and types of MSW management programs in place for
cach statc (April. 1997).

The bascline scenario assumes these programs reflect common MSW management actions at the
statc and local level within the US. and that these actions result in a recovery rate of 27 percent. a
combustion rate of 13 pereent and a landfill rate of 38 pereent.” The bascline data arc presented in Table 1.

The bascline scenario assumes 20 pereent of the waste destined for landfills is managed in landfills
with landfill gas (LFG) recoveny svstems. and that these svstems have a LFG collection cfficiency of 73
percent. In addition. the bascline scenario assumes an overall waste-to-energy (WTE) cfficiency rate (i.c..
clectrical energy output divided by encrgy value of waste inputs) of 17 percent.

Future Scenario Assumptions:

The future scenario assumes the state implements a sct of MSW management activitics designed to
achicve a higher total recovery rate by the vear 2003 in response to state solid waste recovery goals (sce
Exhibit 1). The future scenario assumes these MSW management activities result in a waste recovery rate
of 30 percent. a combustion rate of 15 pereent. and a landfill rate of 35 pereent. The future scenario data
ar¢ presented in Table 2.

“ Calculated based on an cstimated total US population of 260 million and a total amount of waste gencrated as
reported in Characterization of NS in the United States 1996 Update. EPA5S30-R-97-015.

* BioCvele reported approximately 49 of 31 states have curbside recyeling programs. 40 of 51 states have recveling
drop-off sitcs. and 48 of 51 states have vard waste composting facilitics (for reporting purposcs the District of
Columbia was counted as a state).

* The total and matcrial specific generation. recovery. and disposal rates arc comparablc to the national average
rates for 1995 reported in EPA’s Characterization of Municipal Solid Waste in the United States: 1996 Update.
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Exhibit 1
Example of Future Scenario MSW Management Goals and Activities

Future Goals Future Activities
Increasc newspaper recovery rate to 67 Increase collection cfficicncy of curbside collection.
pereent.
Increase office paper and corrugated Expand the commercial collection of mixed paper and
cardboard rccovery rates to 67 percent. corrugated cardboard.
Increase vard trimmings recovery rate to 40 | Promote the benefits of composting.
pereent. Create vard waste drop-off centers in addition to offering
scasonal curbsidc collcction of vard waste.
Ban vard wastc from landfills.
Increase food waste diversion rate to 23 Expand th¢ commercial and institutional collection of
percent. food wastc discards.

Specifically. the future scenario assumes a statewide recovery rate of 67 percent for newspaper.
officc paper. and corrugated cardboard: 25 pereent for food scraps: and a landfill ban on vard trimmings.
The material-specific recovery rates for the remaining matenals were adjusted upward to achicve a total
rccovery rate of 30 percent.

The future scenario assumes 60 percent of the waste destined for landfills is managed in landfills
with landfill gas (LFG) recoveny systems. and that these syvstems have a LFG collection cfficiency of 83
percent. In addition. the future scenario assumcs the overall waste-to-cnergy (WTE) cfficiency rate
improves to 19 percent.

In an actual statc report. the future scenario for the total and material-specific recovery.
combustion. and landfill rates would be basced on the statc’s MSW management goals and activitics.

The Waste Reduction Model (WARM)

WARM. an EPA softwarc model for cstimating GHG cmissions from the wastc management
scctor. was uscd to cstimatc GHG cmissions for this analvsis. Table 3 presents the GHG emission
cstimates for the bascline scenario. and Table 4 presents the GHG cmissions for the future scenario. Table
5 compares the cstimates from the two scenarios.

Results of Example Analysis and Relationship to Other Mitigation Activities

WARM cstimates of annual GHG cmissions in the bascline and future scenarios are summarized in
columns "b™. "¢, and ~d” of Table 5. The cstimated GHG cmissions arc 1.5 million MTCDE per vear in
the bascline scenario and 930.000 MTCDE per vear in the future scenario. The future scenario thus
reduces emissions by about 600.000 MTCDE per vear.

The largest reductions in GHG emissions were for office paper (224.000 MTCDE per vear).

corrugated boxes (133.000 MTCDE per vear). newspaper (114.000 MTCDE per vear). and food waste
(103.000 MTCDE per vear). Most of the reductions are attributable to reduced encrgyv-related carbon
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dioxide cmissions. reduced landfill methane cmissions. and increascd forest carbon scquestration. (Exhibit
2)’

Exhibit 2: GHG Emission Reductions by Source
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The estimated 600.000 MTCDE cmission reduction predicted in this excrcise is comparable in
magnitude to some of the most significant tools available to states for reducing GHG emissions. For
comparison. examples of policy and technology options that reduce GHG emissions by similar levels are
found in scveral state action plans. One such option can be found in Illinois™ action plan. which cstimated
that cfficicncy improvements to hot water heaters and residential furnaces have the potential to reduce
GHG cmissions by approximately 382.000 and 514.000 MTCDE. respectivels. by the vear 2000, In
Orcgon. improved natural gas cfficiencies have the potential to reduce GHG cmissions by approximately
655.000 MTCDE by the vear 2010. Washington cstimates that improved food refrigeration may reduce
GHG cmissions by approximately 300.000 MTCDE by the vear 2010.

MSW management options thus represent significant opportunitics for states to further reduce their
GHG cmissions. Becausc these options have other environmental benefits as well. thev deserve carcful
considcration in Action Plans.

” Potential exhibit comparing the “breakout™ by source for the bascline and futurc scenarios.
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Table 1

Baseline Scenario for the Management of Municipal Solid Waste in the Current Year for a State "Mock-Up"

Baseline Scenario Assumptions

Percent of Landfilled
Annual MSW | percent of Total| Percent of Percent of | Waste Managed at Collection | Conversion Efficiency of
State's Generation' MSW Total MSW Total MSW Landfills with LFG Efficiency of | Waste-to-Energy (WTE)
Population (tons) Recovered Combusted Landfilled Systems LFG Systems Systems
5,000,000 4,015,000 27% 15% 58% 20% 75% 17%
Generation and Management of MSW in Current Year
Current Waste Generation |Current Waste Recovery
(a) (b) (c) (d) (e) U] (9) (h) M
Percentage of| Amountof |Percentage of| Amount of Amount of Amount of Waste Amount of Waste
Msw Waste Waste Waste Amount of Waste Waste Landfilled with no LFG | Landfilled with
Generation’ | Generated® | Recovered® | Recovered Discarded® Combusted System LFG System
Material (by weight) (tons) (by weight) (tons) (tons) (tons) (tons) (tons)

Newspaper 6.3% 252,945 53.0% 134,061 118,884 24,428 75,565 18,891
Office Paper 3.3% 132,495 44.3% 58,695 73,800 15,164 46,908 11,727
Corrugated
Cardboard 13.8% 554,070 64.2% 355,713 198,357 40,758 126,079 31,520
Aluminum
Cans 0.8% 32,120 62.7% 20,139 11,981 2,462 7,615 1,904
Steel Cans 1.3% 52,195 56.8% 29,647 22,548 4,633 14,332 3,583
HDPE 1.9% 76,285 10.8% 8,239 68,046 13,982 43,251 10,813
LDPE 2.7% 108,405 1.7% 1,843 106,562 21,896 67,733 16,933
PET 0.5% 20,075 22.7% 4,557 15,518 3,189 9,863 2,466
Food Scraps 6.7% 269,005 41% 11,029 257,976 53,009 163,974 40,993
Yard
Trimmings 14.3% 574,145 30.3% 173,966 400,179 82,229 254,360 63,590
SUBTOTAL 51.6% 2,071,740 38.5% 797,889 1,273,851 261,750 809,681 202,420
Other Materials 48.4% 1,943,260 14.7% 286,161 1,657,099 340,500 1,053,279 263,320
TOTAL 100.0% 4,015,000 27 .0% 1,084,050 2,930,950 602,250 1,862,960 465,740

' Assuming 5 million people generate 4.4 Ibs of waste/person/day.
2 Franklin Associates, Ltd. Characterization of Municipal Solid Waste in the United States: 1996 Update , EPA 530-R-97-015.
3 The product of total MSW generation and percent of MSW generation for each material. For example, 4,015,000 tons/yr x 0.063 = 252,945 tons/yr of newspaper.

* Percentage recovery for each material based on national average from Franklin Associates, Ltd.. EPA 530-R-97-015. Yard waste recovery means back yard composting.

5 The difference between the amount of waste generated and the amount of waste recovered.
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Table 2

Future Scenario for the Management of Municipal Solid Waste by Year 2005 for a State "Mock-Up": Assuming Increased Material Recovery

Future Scenario Assumptions

Percent of Landfilled

Annual MSW | percent of Total| Percent of Percent of | Waste Managed at Collection | Conversion Efficiency of
State's Generation' MSW Total MSW Total MSW Landfills with LFG Efficiency of | Waste-to-Energy (WTE)
Population (tons) Recovered Combusted Landfilled Systems LFG Systems Systems
5,000,000 4,015,000 50% 15% 35% 60% 85% 19%
Generation and Management of MSW in Year 2005
Future Waste Generation |Future Waste Recovery
(a) (b) (c) (d) (e) U] (9) (h) M
Percentage of| Amountof |Percentage of| Amount of Amount of Amount of Waste Amount of Waste
Msw Waste Waste Waste Amount of Waste Waste Landfilled with no LFG |Landfilled with LFG
Generation’ | Generated® | Recovered® | Recovered Discarded® Combusted System System
Material (by weight) (tons) (by weight) (tons) (tons) (tons) (tons) (tons)

Newspaper 6.3% 252,945 67.0% 169,473 83,472 25,042 23,372 35,058
Office Paper 3.3% 132,495 67.0% 88,772 43723 13,117 12,243 18,364
Corrugated
Cardboard 13.8% 554,070 67.0% 371,227 182,843 54,853 51,196 76,794
Aluminum
Cans 0.8% 32,120 65.0% 20,878 11,242 3,373 3,148 4722
Steel Cans 1.3% 52,195 60.0% 31,317 20,878 6,263 5,846 8,769
HDPE 1.9% 76,285 15.0% 11,443 64,842 19,453 18,156 27,234
LDPE 2.7% 108,405 5.0% 5,420 102,985 30,895 28,836 43,254
PET 0.5% 20,075 25.0% 5,019 15,056 4517 4216 6,324
Food Scraps 6.7% 269,005 25.0% 67,251 201,754 60,526 56,491 84,737
Yard
Trimmings 14.3% 574,145 40.0% 229 658 344 487 51,673 9,646 14,468
SUBTOTAL 51.6% 2,071,740 48.3% 1,000,458 1,071,282 321,385 299,959 449 939
Other Materials 48.4% 1,943,260 51.8% 1,007,042 936,218 280,865 262,141 393,211
TOTAL 100.0% 4,015,000 50.0% 2,007,500 2,007,500 602,250 562,100 843,150

' Assuming the state population of 5 million people and the waste generation rate of 4.4 Ibs of waste/person/day have not changed by the year 2005.
2 Franklin Associates, Ltd. Characterization of Municipal Solid Waste in the United States: 1996 Update , EPA 530-R-97-015.
3 The product of total MSW generation and percent of MSW generation for each material. For example, 4,015,000 tons/yr x 0.063 = 252,945 tons/yr of newspaper.

4 Assuming these are the recovery rate goals achieved by the year 2005. Yard waste recovered includes back yard and centralized composting.

The difference between the amount of waste generated and the amount of waste recovered.
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Table 3

Estimated GHG Emissions from MSW Management Actions in the Baseline Scenario
(Estimated Using WARM)

(a) (b) (© (d) (e) (U] (@) (h) 0] 0) (k)
Annual GHG
Baseline Emissions Annual GHG Annual GHG | Total Annual
Generation of| Estimated from Estimated Estimated Emissions from Estimated |Emissions from GHG
Material Recycling Recycling Landfilling Annual GHG Emissions from Landfilling Combustion Combustion Composting Composting Emissions
IMaterial (Tons) (Tons) (MTCDE) (Tons) (MTCDE) (Tons) (MTCDE) (Tons) (MTCDE) (MTCDE)
LFs without | LFs with LFG
LFG recovery recovery Total
INewspaper 252,945 134,061 -185,829 94,456 107,922 11,639 119,561 24,428 33,254 0 0 -33,014
Office Paper 132,495 58,695 -52,950 58,635 280,253 25,656 305,908 15,164 26,154 0 0 279,113}
Corrugated Box| 554,070 355,713 -405,678 157,599 301,554 22,292 323,846 40,758 42,499 0 0 -39,334
JAluminum Cang 32,120 20,139 112,359 9,519 153,774 38,444 192,218 2,462 49,764 0 0 354,341
Steel Cans 52,195 29,647 59,380 17,915 59,866 14,967 74,833 4,633 19,416 0 0 153,629
HDPE 76,285 8,239 10,230 54,064 116,933 29,233 146,166 13,982 59,954 0 0 216,351
LDPE 108,405 1,843 2,705 84,666 230,652 57,663 288,315 21,896 109,256 0 0 400,275
PET 20,075 4,557 9,087 12,329 43,149 10,787 53937 3,189 18,023 0 0 81,047
Food Waste 269,005 0 0 204,967 142,889 -7.334 135,555 53,009 -2.212 11,029 0 133,343]
Yard Waste 574,145 0 0 317,950 22,122 -32,603 -10,480 82,229 -5,694 173,966 0 -16,175
Total 2,071,740 612,894 -450,696 1,012,101 1,459,114 170,744 1,629,858 261,750 350,414 184,995 0 1,529,576]
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Table 4
Estimated GHG Emissions from MSW Management Actions in the Future Scenario

(Estimated Using WARMI)

(a) (b) (©) (d) (e) M (@) (h) 0] 0) (k)
Annual GHG Annual GHG
Baseline Emissions Emissions Annual GHG | Total Annual
Generation of| Projected from Projected Projected from Projected Emissions from GHG
Material Recycling Recycling Landfilling Annual GHG Emissions from Landfilling Combustion Combustion | Composting Composting Emissions
IMaterial (Tons) (Tons) (MTCDE) (Tons) (MTCDE) (Tons) (MTCDE) (Tons) (MTCDE) (MTCDE)
LFs without | LFs with LFG
LFG recovery recovery Total
INewspaper 252,945 169,473 -234916 58,430 33,380 21,435 54,815 25,042 32919 0 0 -147,183I
Office Paper 132,495 88,772 -80,082 30,606 73,143 39,770 112,913 13,117 22098 0 0 54,930
Corrugated Box| 554,070 371,227 -423,372 127,990 122,450 53,558 176,008 54,853 54924 0 0 -192,439
JAluminum Cang 32,120 20,878 116,481 7.869 63,563 95,345 158,908 3,373 68182 0 0 343,571
Steel Cans 52,195 31,317 62,726 14,615 24,419 36,628 61,046 6,263 26255 0 0 150,027,
HDPE 76,285 11,443 14,208 45,390 49,086 73,628 122,714 19,453 81274 0 0 218,196}
LDPE 108,405 5,420 7.956 72,089 98,195 147,293 245,488 30,895 150763 0 0 404,207
PET 20,075 5,019 10,008 10,539 18,442 27,664 46,106 4,517 25273 0 0 81,387
Food Waste 269,005 0 0 141,228 49,227 -15,677 33,550 60,526 -3369 67,251 0 30,181
Yard Waste 574,145 0 0 24,114 839 -8,676 -7,837 51,673 -4429 498,358 0 -12,266]
Total 2,071,740 703,548 -526,991 532,871 532,744 470,968 1,003,711 269,712 453,890 565,609 0 930,610'
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Table 5
Comparison of Total Estimated GHG Emissions For the Baseline and Future Scenarios

(a) (b) (© (d)

Difference
Between Baseline

Baseline and Future

Scenario: Future Scenario: Scenario
Estimated Total | Estimated Total Estimates of
Annual GHG Annual GHG Annual GHG
Emissions* Emissions** Emissions
Material (MTCDE) (MTCDE) (MTCDE)

Newspaper -33,014 -147,183 -114,169
Office Paper 279,113 54 930 -224 183
Corrugated Boxes -39,334 -192,439 -153,106
Aluminum Cans 354,341 343,571 -10,770
Steel Cans 153,629 150,027 -3,602
HDPE 216,351 218,196 1,846
LDPE 400,275 404,207 3,932
PET 81,047 81,387 340
Food Waste 133,343 30,181 -103,162
Yard Waste -16,175 -12,266 3,909
Total 1,529,576 930,610 -598,966

* These data were copied directly from Table 3, column k.
** These data were copied directly from Table 4, column k.
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