Appendix A: IPCC Inventory Approach to Accounting for All
Anthropogenic Greenhouse Gas Emissions
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1. Background on IPCC Guidelines

The Intergovernmental Panel on Climate Change (IPCC) developed a common system for countries
to inventory all anthropogenic greenhouse gas (GHG) emissions, including fossil and biogenic
carbon dioxide (CO2) emissions, across all sectors in a way that reflects net physical additions of
GHGs to the atmosphere in a year (IPCC, 2006). The IPCC system classifies source and sink
categories into sectors, e.g., Energy, Industrial Processes, Agriculture, Land-Use Change and
Forestry, and Waste.! In classifying specific source and sink categories, the IPCC needed to make
decisions in cases where a category could reasonably be included in more than one sector. For
example, the carbon dioxide emissions from the consumption of limestone during cement
production are assigned to the Industrial Processes Sector, whereas carbon dioxide emissions from
fossil fuel consumption used to provide useful heat for cement production are assigned to the
Energy Sector. The IPCC system works because, as long as each country estimates all anthropogenic
sources and sinks and classifies them in the same way, national greenhouse inventories are
comparable and can facilitate international efforts and agreements to reduce emissions.

Recognizing that many anthropogenic factors influence emissions and sequestration in biological
systems, the IPCC opted to reflect these factors comprehensively and holistically in an assessment
of the entire Land-Use Change and Forestry (LUCF) sector as part of the Revised 1996 IPCC
Guidelines, (Apps et al., 1997) and continued with this approach for the Agriculture, Forestry and
Other Land Use (AFOLU) Sector in the updated 2006 IPCC Guidelines (IPCC, Vol. 4, 2006;).

As a result, net biogenic CO, emissions related to terrestrial carbon stocks, were “assigned” to the
land sector (Land Use, Land Use Change and Forestry, or LULUCF), even if the emissions actually
take place at facilities typically associated with a different IPCC sector.2 Using this approach,
countries have been able to communicate the contribution of their land areas to the global build-up
of GHG concentrations through their Inventories in a consistent manner.

! The 2006 TIPCC Guidelines merged the Agriculture with Land-Use Change and Forestry into a single sector:
Agriculture, Forestry and Other Land-Use (AFOLU).

2 For example, anthropogenic activities that influence GHG storage and fluxes within biological systems, including
terrestrial biomass that sequesters and stores carbon, are counted the land or LULUCEF sector. Even if biomass is
burned for energy, those biogenic CO, emissions are accounted for in the LULUCF sector where the carbon was
stored, not the Energy sector.
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The IPCC recommends that countries also calculate direct CO; emissions from bioenergy, but these
estimates are not to be added to national total emissions. These CO, emissions should instead be
itemized and presented separately to promote an overall understanding of a country’s energy
sector profile:

Biomass Fuels: Biomass fuels are included in the national energy and emissions accounts for
completeness. These emissions should not be included in national CO;emissions from fuel
combustion. If energy use, or any other factor, is causing a long-term decline in the total carbon
embodied in standing biomass (e.g., forests), this net release of carbon should be evident in the
calculation of COz emissions described in the Land-Use Change and Forestry chapter. (IPCC,
1996)3

The 2006 Guidelines state:
Biomass is a special case:

e Emissions of CO- from biomass fuels are estimated and reported in the AFOLU sector as part of
the AFOLU methodology. In the reporting tables, emissions from combustion of biofuels are
reported as information items but not included in the sectoral or national totals to avoid
double counting...

e For biomass, only that part of the biomass that is combusted for energy purposes should be
estimated for inclusion as an information item in the Energy sector. (IPCC, 2006)*

This system, in which CO; emissions from bioenergy are not directly added to national totals has, on
occasion, been interpreted as an IPCC conclusion on the carbon neutrality of bioenergy. The IPCC
Guidelines do not, however, provide any conclusions about the GHG mitigation benefits of
bioenergy—they explain that biomass used for energy cannot not be automatically considered
“carbon neutral” even if the biomass is thought to be produced sustainably (IPCC, 1996; 2006). The
[PCC recognizes that biomass use for energy could have an impact on the net atmospheric
contribution of emissions and that a comprehensive approach to account for all sources and sinks
at the national level would be inclusive of that impact occurring within a country’s borders.

2. Application of the IPCC Approach to Stationary Sources

Application of the IPCC classification system to CO2 emissions from the consumption of biologically
based feedstocks for an individual stationary source would lead to an outcome that excludes
impacts on land-based emissions and sequestration. Stationary source emissions (fossil fuel
emissions) are captured in one IPCC sector (Energy) and terrestrial fluxes (biomass fuels, such as
fuelwood, and related emissions, along with other terrestrial biogenic carbon and carbon-based
gases) in the Agriculture, Forestry and Other Land Use sector (AFOLU). In essence, if there is no

3 Page 1.10. Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual.

* These bullets are taken directly from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.
Volume 2: Energy, Chapter 2: Stationary Combustion, Section 2.3.3.4 Treatment of Biomass. See www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2 2 Ch2 Stationary Combustion.pdf.
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corresponding accounting (i.e., of both the Energy and AFOLU sectors) or only incomplete
accounting of land-based fluxes, then application of the IPCC national inventory approach to
stationary source emissions estimation does not provide a complete picture of the true net
atmospheric contribution associated with the biogenic CO; emissions from the stationary source
(Penaetal,, 2011).

The IPCC recognizes this limitation:

The IPCC methodologies are intended to estimate national, anthropogenic emissions and
removals rather than life cycle emissions and removals. However the IPCC Guidelines can
be used, with care for different purposes. For calculating emissions from substitutions, all
the changes in emissions and removals must be accounted for. (IPPC, 1996; 2006)

As noted above, the success of the IPCC approach relies on the completeness of the accounting for
all emissions sources and sinks across all sectors. IPCC methods are built for national-level
emissions inventory accounting for general full-sector coverage inventory use, whereas the
framework presented in this report provides a more granular accounting method. For this reason,
the IPCC classification approach is not designed to address the specific needs and questions that
this framework addresses: how assess the net atmospheric contribution of biogenic CO, emissions
associated with the production, processing and use of biogenic feedstocks at stationary sources,
taking into account factors related to the biological carbon cycle.
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Appendix B: Temporal Scale
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1. Introduction

The purpose of this appendix is to discuss considerations related to the treatment of time in
possible applications of the framework. It is important to consider possible treatments of time and
the implications of these treatments in developing strategies for long-term and short-term
emissions accounting, because the choice of treatment may have significant impacts on the outcome
of an assessment framework application. While there is no single, scientifically correct method for
the treatment of time when assessing biogenic emissions, there are a number of options for
incorporating temporal dynamics into an assessment of biogenic carbon fluxes. The choice of
temporal assessment method could ultimately depend on the context of a specific framework
application.

This appendix discusses various aspects related to assessing time-dependent effects in the
production, processing, and consumption of biogenic feedstocks. Considerations related to time can
include a variety of issues such as:

e Emissions horizons and reporting periods (i.e., fluxes related to feedstock production may
occur over many years, whereas reporting may be the current year);

e Interplay with spatial scale (i.e., implications of larger scales and shorter time frames
versus smaller scales and longer time frames);

e Baseline perspective (i.e., is the analysis forward- or backward-looking, or both?); and

e Differences in temporal characteristics of different feedstocks (i.e., annual crops, short
rotation energy crops, and longer rotation forestry systems).

In general, accounting for temporal effects will be most significant when considering future
potential fluxes related to long rotation feedstocks (e.g., roundwood), activities that affect the
equilibrium storage in soil carbon pools, decay rates, or in cases of significant land use change,
where biogenic feedstock production has implications for long-term emissions changes in
terrestrial carbon stocks.

Given that different temporal perspectives could be used by the framework, two different baseline
approaches are evaluated in this framework report: retrospective reference point and future
anticipated baseline. These baseline approaches use aspects of time. The retrospective reference
point baseline does not take into account future potential biogenic emissions fluxes related to
biogenic feedstock production, processing, and use. The future anticipated baseline, due to its
prospective nature, can take into account such future potential fluxes. As such, most of the
discussion in this appendix focuses on potential methods for considering time in terms of a
prospective analysis.

This appendix provides various illustrative treatments of temporal dynamics when activities and
related emissions fluxes do not fit neatly into single assessment time periods. As presented in
Section 4, illustrative treatments for prospective applications of the framework in this appendix
include a frontloading approach, a year-to-year carryover approach, and an annualized carryover
approach. A discussion of discounting time is provided in Section 5.
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2. Key Temporal Scale Considerations

The production, processing, and use of biogenic feedstocks for energy can, in some circumstances,
have emission effects extending into the future and there are different methods to and perspectives
about how to assess future emissions trajectories (Dornburg and Marland, 2008; Fargione, 2008;
Kendall et al., 2009; Levasseur et al., 2010; Walker et al., 2010; Cherubini et al, 2011; Mitchell et al.,
2012; Helin et al.,, 2013; Walker et al,, 2013; Miner et al., 2014). Accounting for these emissions
appropriately in different policy contexts may necessitate various decisions that reflect the goals
and parameters of the policy. An application of the framework presented in this report that
includes assessment over time may need to identify emissions and assessment horizons, reporting
periods, the appropriate baseline method, the appropriate spatial scale, and the temporal
characteristics. These considerations are discussed below in more detail.

2.1. Emissions Horizon, Assessment Horizon, and Time of Reporting

An application of the framework that includes assessment over time may need to articulate how
biogenic CO, emissions fluxes over time from biogenic feedstock production, processing, and use
relate to stationary source biogenic CO, emissions in a single period (e.g., time of biogenic feedstock
use or reporting). It is not only a question of how far into the future must an analysis look, but also
how these emissions are accounted for and valued over time, and when are they accounted for or
reported. Thus, it may be necessary to distinguish between the “emissions horizon” and the
“assessment horizon.” The emissions horizon is the period of time during which the carbon fluxes
resulting from actions taking place today actually occur, while the assessment horizon is a period of
time selected for the analysis of the carbon fluxes. In effect, these time horizons can differ
significantly.

For example, the emissions horizon reflects all future estimated net carbon fluxes associated with
the production and harvest or removal of a feedstock today. Therefore, the emissions horizon may
need to span a year to several decades, depending on the feedstock and production site conditions,
to account for all these effects. The assessment horizon, however, may be a specified time frame
over which estimated future effects may be taken into account. For example, a specific policy may
allow the inclusion of future potential effects over 20 years, whereas the estimated emissions
horizon is 50 years. The time of reporting may be a one-time event or an annual event at the time or
in the year in which the harvest/removed feedstock is consumed at the stationary source. When
making determinations about time frame per policy or program needs, one should consider how to
address these different time horizons. Illustrative general methods for reconciling these different
horizons are discussed in Section 4.

2.2. Temporal Differences between Feedstocks

Biogenic carbon fluxes related to biogenic feedstock growth, harvest, and/or collection, feedstock
production site soil carbon levels, and land use and/or management change do in many cases occur
over a period greater than one year. The consideration of multiyear time dynamics for biogenic
feedstock growth is particularly relevant for long rotation feedstocks or feedstocks where carbon
stored in biomass accumulates over time subject to biological growth functions and where
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feedstock production and/or collection affect landscape soil carbon dynamics or other land use
changes. For long rotation feedstocks, the amount of biogenic CO; emissions from harvest and
combustion may take years to be sequestered on the same site from which it was harvested. For
logging residues, analysts may need to consider decay and associated landscape biogenic CO;
emissions. For example, the collection and combustion of logging residues result in an immediate
release of biogenic CO; emissions that otherwise might have instead occurred in the form of CO;
and CH4 over a series of years through natural decomposition on the forest floor. Concurrently,
removal of the logging residues can cause increased emissions through loss of soil carbon over
time, while also altering rates of forest growth and carbon sequestration. Changing management
practices can also potentially affect mineral soil carbon pools (Buchholz et al., 2013).

Time dynamics may also be a relevant consideration for some agricultural feedstocks. For example,
land use change such as the removal of forests for agricultural feedstock production could result in
an initial release of carbon that is not fully recaptured in subsequent use of the land for agriculture.
Furthermore, cultivation of perennial bioenergy feedstocks such as switchgrass can lead to long-
term increases in soil organic carbon relative to annual crops due to extensive root systems
(belowground biomass) and reduction of tillage disturbances. Also, changing management
practices, such as removing agricultural residues like corn stover, may reduce decay-related
emissions but also reduce soil carbon inputs and thus long-term soil organic carbon stocks.

2.3. Interactions between Spatial and Temporal Scales

Temporal aspects of biogenic carbon fluxes can also depend on the choice of spatial scale. In some
circumstances, assessing biogenic carbon fluxes at a small spatial scale for a long period of time can
result in similar outcomes to those from considering a large spatial scale over a short period of
time. For example, the harvest of a long-rotation feedstock, such as roundwood, on a significantly
small spatial scale (e.g., plot or stand) will initially result in biogenic carbon emissions, but over
enough time, replanted trees (e.g., assuming similar species, conditions) will sequester
approximately the same amount of carbon that was released by the previous harvest. However, if
that same amount of harvest is considered over a larger spatial scale (e.g., a stand within a region),
the biogenic carbon emitted from the harvested stand will be balanced out by sequestration in that
region from the continued growth of unharvested roundwood and any reforestation activities in the
region over a relatively short time frame (likely shorter than regrowth of the stand itself).

2.4. Temporal Differences between Baselines

The retrospective reference point baseline and future anticipated baseline approaches both include
treatments of time. However, the way in which these two baseline approaches consider time is
markedly different. The retrospective reference point baseline approach is inherently backward-
looking (because it evaluates measured or modeled emissions fluxes over a specific time frame in
the past), while the future anticipated baseline approach is inherently forward-looking (because it
evaluates points in time along different future simulations).

When the reference point baseline approach is applied retrospectively, it takes into account net
atmospheric biogenic CO; contributions associated with biogenic feedstock production on the

November 2014 B-4



landscape by assessing differences in biogenic stocks and flows between two points in time in the
past. Under this baseline approach, one must decide which specific reference points in time to use,
including the length of time between reference points (e.g., 5, 10, 15 years, or other?) and the
location of the points in the chosen time horizon (e.g., at what point in time was data first collected,
when were the most recent data produced?). Integration of future multiyear fluxes (e.g., from
potential decay, soil carbon equilibrium changes) is not necessary when values for framework
terms are derived through a backward-looking approach (i.e., the retrospective reference point
baseline). Appendices H and I show illustrative equation term calculations and case study
applications for forest- and agriculture-derived feedstocks using the retrospective reference point
baseline approach.

The future anticipated baseline approach assesses the estimated net change in carbon stocks
between two projected future scenarios at the same specified point in time, that is, between a
business-as-usual (BAU) scenario and an alternative scenario with changes in estimated
environmental, economic, and/or policy conditions (e.g., Searchinger et al., 2009). Because this
baseline approach can be used to project future biogenic carbon-based fluxes associated with
biogenic feedstock production, processing, and use, there are more considerations about how to
represent and incorporate elements of time into such an analysis than in the retrospective
reference point approach. Integration of future multiyear fluxes (e.g., from potential decay, soil
carbon equilibrium changes, other land use and/or management change effects) may be necessary
for framework terms representing biogenic landscape attribute values (GROW, AVOIDEMIT,
SITETNC, and LEAK, if included) and possibly process attributes (depending on treatment of
biogenic carbon losses through the supply chain, including storage losses or carbon stored in final
products, as captured by the L and P terms). Appendices ], K, and L, respectively, discuss future
anticipated baseline considerations, possible baseline construction methods, and illustrative forest-
and agriculture-derived feedstock case study applications using this baseline. Waste-derived
feedstocks, as discussed in detail in Appendix N, are assessed in this report by using potential
alternative pathways and related GHG pathways for those materials, which in many cases include
consideration of future potential methane emissions from decomposition if not used for energy.

3. Illustration of General Temporal Dynamics Using Decay
Rates

The magnitude of an emissions pulse (meaning, in this context, the cumulative biogenic carbon-
based emissions over a time period) may depend on how far into the future an analysis is extended.
In theory, one could look as far into the future as required to physically account for a multiyear
carbon flux (i.e., the entire emissions horizon over which the flux occurs). In practice, however, a
shorter time frame may be warranted in specific accounting circumstances, especially if the fluxes
toward the tail end of a multiyear flux pattern are very small or a specific program or policy
application necessitates a specific, shorter time frame.

To simply explain the general dynamics of time, this appendix uses concepts called the “Fraction of
Carbon Remaining” (FCR;) and “Fraction of Carbon Emitted” (FCE) to illustrate the implications of
different choices of time frame when assessing emissions flux dynamics over time (t). Using the
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specific context of natural decay from logging residue feedstock as an example, FCR; is the amount
of carbon that remains (in terms of mtCOe) on the site (CR;) after a particular time frame divided
by the magnitude of the original carbon pool (CRy), assuming a particular decay rate:

FCR, = =2t (EQ.B.1)

CR, = CRy X (1 —decay rate)t (EQ.B.2)

FCE:is calculated as:

FCE, =1 — FCR, (EQ. B.3)

FCR; and FCE; are unit-free (i.e., dimensionless) values by their definitions. Table B-1 provides
examples of the impact of different accounting time frames on the emissions pulse accounting (i.e.,
FCE; over the defined time period) from the natural decay of 1 mtCOze woody residue feedstock left
onsite. Note that these are not emissions due to biogenic feedstock harvest or consumption, but
emissions related to decay of the logging residue if left onsite. The representative values presented
in Table B-1 and depicted in Figure B-1 illustrate the fraction of carbon emissions over three time
frames: 20 years, 30 years, and 100 years.

Table B-1 shows that for a low decay rate of 5% loss per year, 64% of the biogenic CO; is emitted
over 20 years, whereas 99% of the biogenic CO: is emitted over 100 years. However, for a high
decay rate of 25% loss per year, nearly all biogenic CO; is emitted within the first 20 years.

Table B-1. Theoretical lllustration of How the Impact of Time Depends on the Natural Decay Rate
and Time Period

Cumulative FCE

Loss/Year Time Period (t)
(decay rate)
20 years 30 years 100 years
5% 0.64 0.79 0.99
10% 0.88 0.96 1.00
25% 1.00 1.00 1.00

Figure B-1 illustrates the annual and cumulative FCE, as well as the FCR, over a 100-year time frame
using a 5% annual decay rate assumption.
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Figure B-1. Annual Fraction of Carbon Emitted (FCE), Cumulative Fraction of Carbon Emitted
(FCE), and Fraction of Carbon Remaining (FCR), Dependent on the Decay Rate and Time Period.

4. Potential Methods for Assessing Multiyear Fluxes

In terms of the BAF equation, the assessment treatment of multiyear carbon fluxes within a
prospective analysis allows for the estimation of biogenic CO; emissions associated with certain
feedstocks (i.e., woody biomass) with slow rates of natural decay (in the case of residues or fallen
trees) and/or long growth periods (referred to generally as “long-rotation” feedstocks). However,
accurately capturing these multiyear landscape effects related to feedstock production, processing,
and use can be challenging in the context of an assessment framework application that may need to
estimate and report annual biogenic CO, emissions from a stationary source.

Various terms in the BAF equation (AVOIDEMIT, GROW, SITETNC, LEAK, if included, and possible
losses within the L term) can represent biogenic CO; fluxes that have a temporal dimension longer
than an annual cycle for certain feedstocks and, thus, may require application of an accounting
method for these temporal effects. The GROW term, for example, represents the projected change in
biogenic carbon fluxes from feedstock growth in a given area over a given time period.! The
SITETNC term reflects estimated site-induced changes in above- and belowground carbon that
typically occur over a multiyear period due to a direct land use or land use management change
that triggers changes in carbon stocks. Similarly, the AVOIDEMIT term accounts for the avoidance of
estimated biogenic emissions that could have occurred on the feedstock landscape without biogenic

! Note that under the retrospective reference point baseline approach in a regional application, GROW is calculated
as recent growth in the region where the feedstock is produced and not in terms of future regrowth over time.
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feedstock removal (e.g., avoided decomposition, which also may occur over a year, multiple years,
or decades depending on the feedstock) or per an alternative management strategy (e.g., waste-
derived feedstocks). LEAK represents leakage effects that can occur from feedstock production,
including indirect land use changes that could affect landscape CO; fluxes for years into the future.
Feedstock losses captured in the L term may be used to reflect decomposition of feedstocks in
storage or other processing along the supply chain.

Each approach to time discussed below integrates future multiyear carbon flux values (i.e., carbon
emissions and/or sequestration that occur over multiple years) into an annual accounting
framework (meaning net emissions are reported/calculated annually) for illustrative purposes.
Note that the need to integrate future multiyear fluxes is necessary only when a specific application
of the framework allows for or requires consideration of counterfactual or future emissions fluxes
related to biogenic feedstock production activities. Again, it is not necessary to integrate these
forward-looking temporal elements when values for accounting terms are derived through a
retrospective reference point baseline approach.

The three potential approaches for incorporating multiyear carbon fluxes into the framework are
presented in this section. These concepts are for illustrative purposes and do not present an
exhaustive list of how temporal aspects could be treated in a framework application. These
illustrative temporal accounting approaches are (1) front loading; (2) year-to-year carryover; and
(3) annualized carryover. Another approach, discounting, is discussed in a separate section below.
The frontloading approach sums all future estimated net emissions associated with biogenic
feedstock production and accounts for them in the time period the biogenic feedstock is used.
Under the year-to-year carryover approach, emissions are tracked over time and recorded as a
cumulative amount as they occur over time. Under the annualized carryover option, estimated
cumulative emissions fluxes are annualized over a specific time period (which can be the time
frame in which the emissions impacts are expected to occur or some other determined time frame).

The basic advantages and disadvantages associated with each of these options are discussed below.
[t is important to note that none of these three approaches involve discounting as presented here.
This means that net biogenic CO; fluxes that occur many years in the future are treated identically
as net emissions that occur in the present in all methods discussed below. However, discounting
could be utilized in conjunction with any of the three approaches outlined below (the last section of
this appendix discusses discounting). Lastly, the methods below include some estimation of future
conditions and related emissions fluxes, which may over- or underestimate future emissions fluxes
relative to actual emission fluxes trajectories that come to pass.

4.1. Front-Loading

With the front-loading approach, consideration is given to all the biogenic carbon fluxes that will
occur over some period of time (which could be the estimated emissions horizon or some other
specified period such as, for example, 20 years, 30 years, or 100 years) as a result of a particular
biogenic feedstock production activity in the current time period (for example, a land use change or
residue removal). Then, these emissions fluxes can be summed over time for a cumulative estimate.
These fluxes are then accounted for in the current period, or period when the feedstock is used (or
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reported), in units of COze per ton of feedstock. In this way, the total carbon fluxes associated with a
particular unit of feedstock production are accounted for up front, before the estimated future
emissions/sequestration associated with that unit of feedstock actually occur.

Under the front-loading approach, multiyear net biogenic carbon fluxes are accounted for over a
specific time frame but attributed to a single (annual or other defined reporting) time period. The
approach captures all of the present and future estimated net emissions associated with growth,
harvest, decay, and/or land use changes related to the biogenic feedstock production, processing,
and use. Also, economic discounting could be incorporated into the front-loading approach if it is
determined that future carbon fluxes should not be treated the same as current fluxes, or if
discounting is appropriate in a specific policy or program application of the framework.

Figure B-2 illustrates the calculations of FCE; under the front-loading approach in the context of
logging residues. For a 100-year accounting period, the front-loaded FCE: is the sum of annual FCE;
values over 100 years. In this case, the front-loaded FCE; equals 0.99.
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Figure B-2. Cumulative FCE and Front-loaded FCE with a 5% Loss per Year Assumption over 100
Years?,

There may be policy applications or other framework applications in which the assessment horizon
is shorter than the emissions horizon. For instance, the emissions horizon for certain feedstock
production effects is 75 years, but the time frame for analysis is only 50 years. In such a
circumstance, all the estimated future net effects may not be included in an analysis using this
approach.

This basic method for incorporating temporal dynamics is relatively straightforward in that all or a
portion of the estimated future net biogenic CO, emissions fluxes are accounted for in a single time

2 The sum of the annual FCE values over 100 Years is the front-loaded FCE over a 100-year accounting period.
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step. However, there are inherent uncertainties related to future socioeconomic and biophysical
projections and related trajectories of estimated net emissions fluxes related to the biogenic
feedstock production and use. Also, if all estimated future emissions effects are captured in the
current time period or when the biogenic feedstock is utilized, for some feedstocks this could be a
relatively large assessment factor, which could discourage use of that biogenic feedstock.

4.2. Year-to-Year Carryover

In the year-to-year carryover accounting method presented here, the biogenic CO; fluxes associated
with a unit of feedstock production in the current period are accounted for in the year in which the
fluxes actually occur. For example, land use change that occurs during the production of this year’s
biogenic feedstock might generate a small increase in soil carbon sequestration each year for the
subsequent 20 or 30 years. In this accounting approach, the accounting for the subsequent annual
increment of change in emissions occurs in the year of the emissions change.

In the year-to-year carryover accounting approach, net emissions from feedstock production for a
given year are reported in the same year that those emissions occur. Any net carbon fluxes carried
over from feedstock utilization in previous years are also included. For example, if a feedstock
removed from a site in year ¢ triggers fluxes of emissions to and from the atmosphere over
subsequent n years, the magnitude of the fluxes is projected n years into the future. The fluxes
would then be accounted for in the future, in the year (t + 1 year, t + 2 years, t + 3 years ...uptot+n
years) in which they actually occur. Under the year-to-year carryover accounting approach, the
emissions horizon is the same as the assessment horizon. Thus, an entity may be accounting in a
given year for carbon fluxes associated with biogenic feedstocks used over multiple prior years (the
number of years depends on the time frame chosen).

The carryover approach may increase the complexity of accounting requirements that would need
to be implemented by stationary sources and program administrators. Under the year-to-year
carryover approach, multiple terms in the framework may change from one year to the next,
thereby complicating the calculations. Also, economic discounting could be incorporated into year-
to-year carryover if future carbon fluxes should not be treated the same as current fluxes or if
discounting is appropriate in a specific policy or program application of the framework.

Figure B-3 illustrates the annual FCE; year to year over a 100-year time frame using assumptions of
5,10, and 25% emissions per year in the case of logging residues. The annual FCE is calculated by
subtracting each year’s FCR; value from the previous year’s FCR; value. As an example using a 5%
loss per year, in Year 1, 95% of the carbon is remaining and is subtracted from the prior year
(100%), which gives 0.05 as the annual FCE; in Year 1. The representative values depicted in Figure
B-3 illustrate that the annual FCE; in a particular year depends on the actual time profile (i.e., decay
rate) of the emission pulse.
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Figure B-3. Year-to-Year Annual Fraction of Carbon Emitted (FCE,) Depends on the Decay Rate.

This method could allow for future estimated biogenic CO; fluxes related to the use of a feedstock to
be reflected in the values for framework equation terms as they occur on the landscape rather than
during the year of feedstock use. Also, this method permits updates to future trajectories of
estimated emissions fluxes related to the biogenic feedstock production and use in case initial
estimated trajectories prove to differ from actual emissions flux trajectories. However, the values of
framework equation terms for a given year’s feedstock use may change over subsequent years,
which may cause market and investment uncertainty (the BAF can be applied only to the annual
emissions from a stationary source in a given year, which can vary).3 As a result, adjustment of
future-year stationary source biogenic CO, emissions may not capture and represent the actual net
emissions impact (on a tonnage basis) of future-year carbon fluxes related to previous-year
feedstock consumption.

4.3. Annualized Carryover

The annualized carryover approach accounts for cumulative emissions over the emissions horizon
and then divides those emissions equally over the assessment horizon. Thus, values for future
estimated annual net emissions are equal across the assessment horizon and are determined by the
annualized value. Depending on the dynamics of the biogenic CO, processes on the landscape,
annualized carryover may over- or underestimate the fluxes at the start of the accounting period
compared with year-to-year carryover accounting. The illustrative examples of annualized
carryover in this appendix do not include economic discounting. However, economic discounting
could be incorporated into this approach in applications of the framework where future biogenic
CO; fluxes were not be treated the same as current fluxes. It is possible that a specific policy or

3 If both the BAF and emissions varied each year, then these two factors introduce uncertainty into the annual
emissions estimate, making it difficult for a stationary source to have stability for investments.
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program application of the framework would discount future biogenic CO; fluxes (discussed in
Section 5).

Under the annualized carryover approach, the values of future estimated annual net emissions for
each year’s feedstock production are the same. The time-related values for relevant BAF equation
terms would remain the same over time (or until recalculated based on new reference data) and
provide simplicity for application of the BAF equation. However, because future net emissions
effects related to a current year’s consumption of feedstock are accounted for in future years,
applied accounting complications could arise. For example, as with year-to-year carryover
accounting, future fluxes related to previous years’ feedstock consumption would need to be
applied in each year when calculating a stationary source’s BAF related to the use of a feedstock. If
the stationary source changes ownership or operating status, properly transferring the accrued
future emissions accounting values related to past feedstock consumption may prove complex.

To illustrate these dynamics, Table B-2 presents the annualized FCE; over a 100-year emissions
horizon for a representative multiyear carbon flux related to forest residue decay, with different
percentage carbon loss assumptions and different assessment horizons. To calculate annualized
FCE: for a 100-year emissions pulse, cumulative emissions up to 100 years were divided by 20-, 30-,
and 100-year time periods, respectively (e.g., annualized FCE; for a 5% decay rate over a 20-year
assessment horizon is 0.99 divided by 20, which equals 0.05).

Table B-2. 100-Year Emissions Annualized over 20-, 30-, and 100-Year Assessment Horizons.

Annualized FCE (100-year emissions)

Loss/Year - :
(decay rate) Time Period (t)
20 Years 30 Years 100 Years
5% 0.05 0.03 0.01
10% 0.05 0.03 0.01
25% 0.05 0.03 0.01

Table B-3 presents a truncated annualizing approach where the emissions horizon is truncated at
20, 30, and 100 years. The cumulative emissions after 20, 30, and 100 years are then divided
equally over the same time periods. Under the truncated approach, not all of the estimated
emissions are captured, and the assessment horizon is the same as the truncated emissions horizon
(20, 30, and 100 years in this case). These time periods were chosen to represent different
assessment horizons (e.g., facility lifetimes) that could be applied in practice. For example, the
annualized FCE; for truncated emissions at 20 years for a 2% carbon decay rate is 0.33 divided by
20, which equals 0.02.
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Table B-3. 20-Year, 30-Year, and 100-Year Emissions Annualized over 20-, 30-, 100-Year Time
Periods, Respectively.

Annualized FCE [truncated emissions]

Loss/Year : :
Time Period
20 Years 30 Years 100 Years
5% 0.03 0.03 0.01
10% 0.04 0.03 0.01
25% 0.05 0.03 0.01

The representative values in Table B-2 illustrate that in determining appropriate emission
annualized values, it is important to consider both the emissions horizon for the feedstock effects as
well as the assessment horizon for the reporting of those emissions. Specifically, annualized
emissions increase as the emissions horizon increases; for example, under a 5% decay rate the non-
truncated annualized FCE; for a 100-year emissions horizon and 20-year assessment horizon (0.05)
is greater than the truncated annualized FCE; for a 20-year emissions horizon and 20-year
assessment horizon (0.03). However, as the assessment horizon increases, annualized emissions
decrease: for example, under a 5% decay rate the non-truncated annualized FCE; for a 100-year
emissions horizon and 100-year assessment horizon (0.01) is less than the non-truncated
annualized FCE, for a 100-year emissions horizon and 20-year assessment horizon (0.05).

This method for accounting for time allows for inclusion of all emissions fluxes over the emissions
horizon within the assessment horizon. Also, similar to the year-to-year carryover approach, this
method can allow updates to future trajectories of estimated emissions fluxes related to biogenic
feedstock production activities and use in case initial trajectories prove to differ from actual
emissions flux trajectories. However, similar to the year-to-year approach, framework equation
term values for a given year’s feedstock use may change over subsequent years, which may cause
market and investment uncertainty. The BAF can be applied to the annual emissions from a
stationary source in a given year, which can vary.4 As a result, adjustment of future-year stationary
source CO; emissions may not capture and represent the actual net emissions impact (on a tonnage
basis) of future-year carbon fluxes related to previous-year feedstock consumption.

4.4. Temporal Scale of the Illustrative Future Anticipated Baseline
Approach in the Technical Appendices

When using a future anticipated baseline, integrating time into the assessment of forward-looking
phenomena is inherent in the approach, and decisions about temporal dynamics may affect the
outcomes (as discussed in the previous subsection). The future anticipated baseline approach as
generally discussed in this report could conceptually apply whatever future time horizon is
necessary for the specific program or policy analysis at hand. This report does not apply the
framework to specific policies or programs and thus has no specific temporal parameters such as

4 If both the BAF and emissions varied each year, then these two factors introduce uncertainty into the annual
emissions estimate, making it difficult for a stationary source to have stability for investments.
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an assessment horizon or time of reporting. For illustrative purposes in the technical future
anticipated baseline appendices of this report (Appendices ], K, and L), the year-to-year carryover is
applied using a 50-year simulation horizon. This assessment time scale is long enough to capture
significant carbon dynamics of longer rotation feedstock species, land use and land use
management changes, and soil carbon pools. Conversely, it is short enough to detect significant
biogenic CO; fluxes related to biogenic feedstock production and harvest. The year-to-year
carryover approach is used to show how estimated future net biogenic CO, emissions fluxes could
change over time and to provide insights about the potential future impacts of biogenic feedstock
production, processing, and use. In addition to annual accounting using the year-to-year carryover
approach, one can also use this approach to evaluate cumulative emissions for a specific time
horizon. Additional discussion of periodic (flux based) and cumulative landscape emissions
projections using the year-to-year carryover approach can be found in Appendices K and L.

5. Discounting and Its Relevance to the Framework

Broadly speaking, there is a value to time. For example, benefits and costs are typically valued
higher if they are experienced sooner (OMB Cir A-94). This value of time is usually discussed as a
“discount” of what the future holds. Discounting is regularly applied in finance and economics,
where it represents the time value of money, and quantitative values can generally be assigned.
Discounting allows for assessment of the future value in today’s terms (i.e., the net present value).
To compute net present value, it is necessary to discount future benefits and costs. The discount
rate is the interest rate used in calculating the present value of expected yearly benefits and costs
(OMB Cir A-94).

For example, money invested today will accrue interest, and the quantity of money will grow over
time according to the interest rate. Similarly, a debt will increase over time according to the interest
rate. Money received today has more value than the same amount of money received in the future.
If the interest rate is known, the net present value of future costs (e.g., the monetary value of
building and maintaining seawalls) can be calculated, as can the future value of benefits (e.g., the
monetary value of homes and tourism on the seashore). In other words, the net present value of
future costs and benefits can be calculated by multiplying the costs and benefits in each future year
by a discount factor, then summing all values over the lifetime of an investment, policy, or decision.

Discounting the value of damages associated with GHG emissions, which span multiple generations,
is particularly complex and raises difficult and controversial questions of science, economics,
philosophy, and law. The U.S. federal government reviewed the literature on intergenerational
discounting several years ago when developing estimates of the social cost of carbon, i.e., the
monetized value of damages associated with a marginal change in CO, emissions. The federal
government found that although it is well understood that the discount rate has a large influence on
the current value of future damages from GHG emissions, there is no consensus about what rates to
use in this context.

Recognizing the lack of consensus about an appropriate intergenerational discount rate and
uncertainty regarding how interest rates might change over time, the federal government selected
three rates to span a plausible range of certainty-equivalent constant discount rates: 2.5, 3, and 5%
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per year. In sum, average returns on longer-term investments were used to inform selection of
certainty-equivalent discount rates. The federal government viewed this approach as defensible
and transparent given its consistency with current benefit-cost analysis principles as well as OMB’s
guidelines for such analysis as embodied in OMB Circular A-4. The Technical Support Document,
Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866, discusses this
analysis in detail (Interagency Working Group, 2010).

The federal government has continued to research alternative approaches for intergenerational
discounting. In particular, a group of world-recognized experts convened at an EPA-funded
workshop in 20115 to explore what principles should be used to determine the rates at which to
discount the costs and benefits of regulatory programs when costs and benefits extend over very
long horizons. The charge questions that were the subject of the workshop discussion focused on
three main areas: (1) whether and in what context it is appropriate to apply a Ramsey discounting
framework in an intergenerational setting; (2) whether and how to directly estimate discount rates
over long time horizons; and (3) how to apply discounting in a regulation where some costs and
benefits accrue intra-generationally while others accrue inter-generationally. Notably, the group
reached consensus that there are compelling arguments for using a declining discount rate
schedule, though determined that practical questions remain regarding how to establish and
implement such a schedule (Arrow et al.,, 2013).

Discounting is more challenging when applied to nonmonetary quantities where there is not a clear
interest rate, thereby making it difficult to quantitatively equate present and future events. If the
discount rate is known in the context of avoiding future climate change impacts, the net present
value of future costs (e.g., the monetary value of damages associated with climate change impacts)
can be calculated, as can the future value of benefits (e.g., the monetary value of avoided damages
or avoided GHG emissions.) Also, if carbon emissions have monetary value as determined through a
carbon tax, a cap-and-trade system, an emissions limit or permit system, or through the structure of
the damages caused, then quantitatively discounting the value of emissions is more
straightforward. However, discounting becomes more challenging when the quantitative links
between physical emissions and costs or benefits are less clear.

The traditional role of discounting is to compare the costs and benefits of quantities (such as money
or the monetary value of CO, emissions) that occur at different periods in time. The higher the
discount rate, the lower the present value of the future unit (money, carbon etc.) in the future. This
means that a high discount rate implies a strong time preference, such that events in the future, for
example, are given far less value than those occurring today. Failure to discount future events
assumes a discount rate of 0 and implies no time preference; that is, a 0 discount rate assumes that
future events have the same value as current events. For carbon accounting, the fundamental issue
is whether carbon emissions (or sequestration today) are valued the same as carbon emissions (or
sequestration in the future), and how the valuation of time is factored into carbon accounting. For
example, if one ton of CO; is emitted this year and one ton of carbon is sequestered 20 or 100 years
from now, the treatment or valuation of time will determine if these events are of equal and

® Link to workshop summary: http:/rff.org/Events/Pages/Intergenerational-Discounting-Workshop.aspx
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opposite value so that the net effect is 0 or not. It is clear that time is important, but the challenge
lies in how to deal with this preference quantitatively.

5.1. Time Preference in CO; Emissions

As mentioned above, one of the current challenges in carbon accounting is the time value of carbon
emissions (or sequestration). Do emissions at some time in the future have the same value as
emissions now? Does the time path of emissions and sequestration matter? Is there value in
delaying emissions? Is there value in temporary storage of emissions if they will be released later?
The importance of the time value of carbon has been recognized for many years (e.g., Richards,
1997), but there continues to be much debate on how to deal quantitatively with time and what the
“appropriate” discount factor is in the context of monetizing future GHG emissions. A recent
advisory group to the California Air Resources Board struggled with this topic without reaching
consensus but did provide the consensus statement that “the timing of emissions [is] important
and, as a general goal, policy should differentiate based on timing where possible” (Martin,
Kloverpris, Kline, Mueller, & O’'Hare, 2011, p.48). The group also concluded that there is “no
intellectually supportable escape from the universally demonstrated judgment of society that
consequences occurring at different times must be valued with reference to the time of occurrence,”
but the group acknowledged the difficulty of determining appropriate discount rates (Martin et al.,
2011, p.27). Similarly, an EPA (2010a) publication on economic analyses discusses approaches for
dealing with time without ending up with a quantitative conclusion but recommends that analyses
“display the time paths of benefits and costs as they are projected to occur over the time horizon of
the policy...”

The prevailing view is that physical carbon flows should not be discounted as a function of time but
that—where carbon flows have economic value—the monetary value of the flows should be
discounted. As O’Hare et al. (2009) wrote in a paper on their view of the proper accounting for time
in biofuels analyses, “the discounting model applies to costs and benefits, not to physical
phenomena that generate them, unless their economic value is otherwise stable over time” (p. 3)
and “before such economic analysis can be meaningfully pursued the relationship between the
physical and economic quantities must be established” (p. 4). If carbon emissions were currently
subject to taxation, for example, the tax rate would be the economic value of reducing (or avoiding)
emissions and possibly used as a discount rate in net present value calculations. The concept of
applying a discount to a physical measure, however, is difficult to rationalize: a ton of carbon is a
ton of carbon, and differences arise only from its equated economic value.

Any program or policy that considers effects of carbon emissions over time will need to decide on
the applicability of valuing these emissions and, if done monetarily, how to discount them. One
recent example of this decision-making process can be found in the Renewable Fuel Standard
Program (RFS2) Regulatory Impact Analysis (EPA, 2010b). When considering how to measure the
lifecycle GHG emissions from a given type of renewable fuel relative to a 2005 petroleum baseline,
two important elements were considered in terms of how to estimate the stream of emissions and
benefits over time: (1) the time period considered and (2) the discount rate applied to future
emissions. Although a range of options was considered in the proposed rule, for the final rule EPA
chose a 30-year time period and a 0% discount rate. Although a relatively short time period of 30
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years was chosen because it was similar to the life span of a biofuels-producing facility, a discount
rate of 0% was chosen “due to the many issues associated with applying an economic concept to a
physical parameter” (p. 423). This is primarily because the Energy Independence and Security Act
(EISA) of 2007 did not establish any monetary valuation of carbon emissions for the RFS2 program,
as well as the “lack of consensus as to the appropriate discount rate to apply to GHG lifecycle
emissions streams through time” (EPA, 2010b, p. 423).

The peer review report Methods and Approaches to Account for Lifecycle Greenhouse Gas Emissions
from Biofuels Production over Time (EPA, 2009) is particularly direct in its opposition to discounting
physical emissions, stating that “all reviewers noted in some way that a discount rate should only
be applied to a monetary unit, rather than a physical unit such as a carbon emission.” Similarly,
“proper discounting ... can only be conducted on value (i.e., damages, not physical quantities such as
emissions)” (p. B-2) and “discount rates are only justifiable when applied to monetary impacts, not
physical impacts” (p. 13). Further, “economic discounting cannot logically be applied to physical
quantities such as GHG emissions, only to economic quantities such as climate change damages” (p.
B-4). Similarly, Martin et al. (2011) wrote that “in the absence of agreement on...values, discount
rates become meaningless” (p. 27) and that when considering discounting, “a prerequisite is to
begin with a monetized value to discount” (p. 26). Other sources, such as the Interagency Review on
Social Cost of Carbon (Interagency Working Group, 2010) and Johnson and Hope (2012), do not
address the concept of discounting physical emissions and focus on damages, costs and benefits, or
other concepts of monetized value.

Although the literature is generally opposed to the concept of discounting physical emissions, some
sources do discuss related instances where the strategy may be applicable. First, as noted by a few
respondents in the peer review report mentioned above (EPA, 2009), discounting physical
emissions may be appropriate if these emissions are used as a direct proxy for damages.
Discounting is “justifiable if physical emissions were being used as a proxy for economic damages
associated with warming” (p. 15) and only in this case are discount rates used for physical carbon
units “analogous to monetary discount rates” (p. 22).

A number of recent efforts have attempted to describe a time-dependent damage function for
emissions, that is, efforts to link emissions to atmospheric concentrations and subsequently to the
climatic effects (damages) of increasing concentrations. This approach encompasses more than a
time preference, because it can include recognition of the dynamics of changing marginal damages
over time (i.e., the notion that the climate impact of one ton of CO; emissions today is not equal to
the impact of one ton of emissions in the future because of factors such as the persistence of GHGs
in the atmosphere, options for mitigation, or damages that are a function of the total level of
atmospheric CO; at the time). Whereas traditional time preference should result in a decreasing
importance of future emissions, equating emissions with damages could result in increasing
importance of future emissions if the damage function is increasing faster than the rate of time
preference (see, for example, Richards, 1997). As characterized by Marshall (2009), “Ideally, a GHG
accounting method ... should explicitly analyze the expected damage associated with flows over
time. The corresponding monetary units associated with this damage can then be discounted to
determine how the impacts of future flows compare to those of the present.” Fargione wrote that “if
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EPA is not willing to make assumptions about the relationship between emissions and damages,
then they should not use any discounting” (EPA, 2009, p. B-4).

Papers by O’Hare et al. (2009) and Cherubini et al. (2011), for example, calculate cumulative
radiative forcing (described by O’Hare et al. as “a physically plausible proxy for the total damage to
the planet from the CO; emissions”) or GWPbio (defined by Cherubini et al. as “the effective climate
impact”) in efforts to describe a damage cost that reflects the time path of CO; emissions. Similarly,
Kendall et al. (2009) propose a “time correction factor” to “properly account for the timing of ...
greenhouse gas emissions in the biofuels life cycle” (see also Alissa Kendall & Price, 2012).
Levasseur et al. (2010) describe a dynamic life-cycle analysis that considers the time value of
emissions. Conceptually, discounting marginal damages is related to traditional discounting in that
it makes assumptions about changing values over time, but in this case, the “value” is expressed in
terms of the impact on climate.

Ultimately at least three factors enter into considering the time dependence of the value of carbon
flows: (1) the monetary values potentially captured in cost-benefit analyses (as discussed above);
(2) the existence of irreversibilities or tipping points (see, for example, Kolstad, 1994); and (3) the
role of learning (see, for example, Kolstad, 1993). On tipping points, Marshall (2009, p.9) wrote,
“the potential for irreversible change is one of the significant determinants of the expected damage
function for GHG emissions that must be considered in determining how to compare current to
future emissions, and is one of the most convincing arguments for the need to make some sort of
distinction between current and future ... emissions.” Kolstad (1994) includes the investment
capital of mitigation measures as an irreversibility. On the role of learning, Kolstad (1993) notes the
role of uncertainty in the relative value of current and future emissions and concludes that
“accelerated learning tends to reduce current period optimal emissions.” That is, rapid reductions
in uncertainty tend to reduce, but not eliminate, expenditures to reduce current emissions as
uncertainty is being resolved. Dornburg and Marland (2008) raise many of these issues in the
context of the value of temporary carbon sequestration or of delaying emissions.

Uncertainty becomes a dominant factor in attempting to discount future emissions (or
sequestration) when significant time intervals are involved in lifecycle analyses or the impacts of
land use change. Despite recognition of the importance of dealing with the time value of CO>
emissions, there is great uncertainty in the appropriate value of a discount rate. This uncertainty is
due to uncertainty about the future, uncertainty about the correct relationship between emissions
and damages, and the potentially long times involved in consideration of climate change impacts. It
is clear that application of constant discount rates is not appropriate over long time periods (e.g.,
intergenerational times) (see, for example, EPA, 2009; Schelling, 1995). There is the suggestion that
for consideration of long time periods it may be appropriate to use discount rates that decrease
with time (see, for example, Guo, Hepburn, Tol, & Anthoff, 2006). Note that the imposition of any
time horizons (as done with traditional measures of global warming potential) to limit
consideration of effects after a specific period of time implicitly assumes that the discount rate
increases to 100% and that impacts after that time are not counted at all.

Ultimately, O’Hare writes (personal communication, 2012), “at least in the short and medium term,
something like compound discounting at a rate in the 3-7% range is necessary to rational decision
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making about any actions with consequences that occur in the future. This discounting must be
applied to something like the social cost and not mere quantities of discharge.” Richards (1997)
suggested that “at a minimum, carbon discount rates should be tested for values equal to the social
discount rate and zero.” In 2009, Richards (in EPA, 2009) suggested discount rates of 2%, 3%, and
5%. The specific discount rate chosen depends on the circumstances. Although nearly all
individuals possess a time preference, the strength of this preference can vary greatly and with it
the corresponding discount rate. In the realm of policy making and finance, the selected discount
rate is often simply the market interest rate, which generally fluctuates between 2% and 7%.
Considering the long time horizons associated with climate change and climate change policy, small
changes to the discount rate can have very large consequences. A widely cited report on the costs
and benefits of climate mitigation strategies and published responses that criticize its use of very
low discount rates illustrate the large impact of discount rates over long time periods (see
Nordhaus, 2007; Stern, 2006).

Note that the decision to ignore time is in effect a decision to assume that the value of emissions is
not affected by the time path of emissions and that the appropriate discount rate is 0. Marland et al.
(2010), in the context of the carbon stored in durable wood products, showed that where
discounting of carbon flows is implemented, it is very important to represent the time path of CO,
emissions as accurately as possible.

There is much discussion and uncertainty about appropriate rates for compounded discounting, but
at the same time there is a widespread consensus that the time value of carbon emissions is
important. Specifically, as Richards wrote in 1997, “the time value of carbon is an important issue
that requires an explicit decision.” Writing in 2009, Richards added “if it doesn’t matter when it is
done, it doesn’t matter whether it is done” (EPA, 2009, p. F-2).

5.2. Discounting Summary

The production and use of biogenic feedstocks for energy can in some circumstances have emission
implications extending well into the future. Questions then arise about whether and how to value
emissions fluxes that occur over time in present terms. Although there is no single, scientifically
correct treatment of time, the choice of treatment may have significant impacts on the results of an
accounting framework application. It is important to consider possible treatments of time and the
implications of different treatments in terms of the respective strategies chosen for long-term and
short-term emission accounting.

The prevailing view in the technical literature is that there is a value of time that can have
important ramifications for prospective accounting and analysis, that it ought to be considered
explicitly, and that time preference is traditionally viewed as related only to monetary or other
values and is not inherent in physical measures of carbon emissions. Aside from certain financial
transactions where there is an explicit discount rate (the interest rate), it can be difficult to
determine an appropriate discount rate for any given circumstance, including accounting for GHG
emissions over time. The debate continues about how to value (i.e., what discount rates to choose)
when evaluating the future value of biogenic CO; emissions, where the impacts on the global carbon
cycle may occur over very long periods of time and the impact of small changes in discount rate can
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be very large. The scientific literature does not provide guidance on selecting one appropriate
discount rate but does suggest using multiple values to illustrate the great importance of time.

The decision on how to treat the time value of biogenic CO; emissions (or sequestration) will likely
fall to policies or programs like a carbon tax, a cap-and-trade system, or other legal decisions that
deal with society’s willingness to consider the inherent risks of a changing climate. The decision to
not discount the value of emissions over time is an effective decision to select a discount rate of 0.
For the purposes of accounting for biogenic CO; emissions from stationary sources, the framework
application in this report focuses primarily on the physical flows of biogenic CO; and, in the
forward-looking context, the comparison of different potential flows across alternative future
scenarios. Applications of the framework could incorporate discount rates into calculations of the
biogenic assessment factor as appropriate for that specific application.
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Appendix C: Spatial Scale
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1. Introduction

This appendix discusses the importance of spatial scale choice when applying the assessment
framework. Spatial scale selection can affect the results of any analysis evaluating GHG emissions
and sequestration, regardless of whether that analysis applies a retrospective reference point
baseline approach or a future anticipated baseline approach (Galik and Abt, 2012). A range of
options for choosing an appropriate spatial scale is explored, along with a discussion of the
advantages and disadvantages of each option. This appendix then lays out the technical
underpinnings for the use of specific regions for calculating illustrative biogenic assessment factor
(BAF) equation term values using the retrospective reference point and future anticipated baseline
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approaches. These regional constructs include: the Resources Planning Act! regions (8 regions) are
used for the retrospective reference point forest-derived feedstock examples, and the agro-forestry
regions used in the U.S. Forest and Agriculture Sector Optimization Model with Greenhouse Gases
(FASOM-GHG) (11 regions) are applied for retrospective reference point agricultural feedstock
examples and future anticipated baseline agriculture and forestry feedstock examples. Additional
information on reference point baseline and future anticipated baseline methods can be found in
Appendices H and K. Spatial scale considerations in the composition and management of waste-
derived feedstocks are briefly discussed here in Section 2.3.4 and in detail in Appendix N.

2. Considerations and Implications of Spatial Scale Choice

Different spatial scales offer different levels of precision in terms of estimates, can affect depth and
breadth of measurement, dictate the availability and verification of data, and limit modeling
options. The size of an assessment area can also determine the ability of an assessment system to
reflect carbon dynamics in the biogenic feedstock source area and any inter-regional trade of
biogenic feedstocks. The choice of spatial scale can allow for broad aggregation of or, conversely,
evaluation of differences between, characteristics of the land base (e.g., ownership type,
management regimes, soil types), biophysical characteristics of the biogenic feedstock (e.g., species
and growth and harvest rates), and feedstock production and market dynamics.?

Therefore, it is crucial that any application of the assessment framework consider these trade-offs
and implications on results when identifying the most appropriate spatial scale (or scales if more
than one scale is appropriate) for use in a particular program or policy. In general, there is no single
scientifically correct option or specific method for determining the “appropriate” spatial scale for
all analyses: the appropriate spatial scale differs depending on the specific goals and parameters of
a specific policy or program application of the framework. The issues related to spatial scale can
differ with feedstock type, biophysical and economic factors, and the circumstances for each
program that needs to assess biogenic feedstock production and use. Thus, the choice of spatial
scale is primarily a function of the stated objective of the specific program or project being
developed.

The source of the biogenic feedstock is an important consideration because the biophysical
attributes of the biogenic feedstock and land on which it is produced are used to derive input values
for use in the framework (reflected as values within the BAF equation in the main report Part 2).
The biophysical attributes of different biogenic feedstocks can vary between geographic locations
because of a number of environmental factors and net primary productivity of the landscape
(Beringer et al., 2011). Therefore, unless the global landscape were entirely homogenous, it would
be inaccurate to assume the biophysical as well as feedstock production dynamics in one part of the
country or world are the same as those in another without evaluation.

! For more information on the USDA Forest Service Resources Planning Act (RPA) Assessment, see
www.fs.fed.us/research/rpa/.

2 Leakage, represented by the LEAK term (see Appendix F), can also be influenced by the spatial scale chosen in a
specific policy analysis. For additional information on leakage, refer to Appendix E.
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Before discussing the range of different spatial scales and related tradeoffs and implications of each,
the subsections below first discuss how land base characteristics and geographic location, data
availability, and data accuracy can affect the choice of spatial scale.

2.1. Location and Land Base Characteristics

Location of feedstock production dictates important biophysical factors such as temperature, soil
type, precipitation, elevation, species type and mix, and growth rates (Eagle et al., 2010). As such,
the geographic location of the landscape not only determines, in part, what type of feedstocks can
be produced but also the various biogenic CO; fluxes associated with feedstock production.

Ownership type also plays a role in determining what feedstocks are grown, how often they are
harvested, and related GHG emissions fluxes. For example, although the ratio of forest growth to
removals (of woody biomass) at the national scale is roughly 1.72 currently (Smith et al., 2009), it
varies substantially with geographic region, species, and ownership. For example, the ratio of forest
growth to harvest for private forests in the conterminous United States is 1.3, while the same ratio
on public lands is 5.3 (DOE, 2011). An assessment area that includes a large proportion of publicly
owned land would therefore be more likely to have lower levels of harvest (and higher levels of
growth) than a similar area with more private land ownership (DOE, 2005, 2011). A more detailed
discussion of working lands is covered in Appendix H.

Given the transaction data collected and processed when a biogenic feedstock enters a stationary
source, it is often possible to determine the precise location of the feedstock harvest site, though it
may only be possible to know the broad geographic origin. For example, entities operating
primarily on long-term procurement contracts will likely use the same feedstock production sites
year after year, and the geographic location of those sites can be known. In such cases,
measurement and analysis of production-related biogenic fluxes at a localized scale are possible. On
the other hand, for stationary sources operating using aggregated feedstocks (e.g., agricultural
residues from multiple landowners piled together at centralized site) or feedstocks that require
storage and may become mixed (e.g., forest logging and milling residues), it may be difficult to
know the precise origin of the feedstock, so only the broad geographic region could be identified.
Also, for some feedstocks, production sites may vary from year to year (e.g., logging residues from
harvests that may not return to the same location for decades or crop rotations and fallow cycles).

2.2. Data Availability and Accuracy

The choice of spatial scale can be greatly influenced by the availability and accuracy of data and the
precision with which one can model feedstock production and market dynamics. When a stationary
source purchases biogenic material for energy production, it is possible to measure every ton of
material that is purchased or brought into the stationary source, or subsequently used in a
particular process at the stationary source (e.g., using measurement equipment such as scales and
monitors). However, when estimating the biogenic resource in a production source area, it is
necessary to use sampling approaches, which are inherently less precise than complete
measurements due to sampling and measurement errors. For example, to estimate woody biomass
in the forests of a region, trees on inventory plots (samples) are measured periodically (FAO, 1997;
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USDA, 2014). Tree measurements (e.g., species, diameter, height) are used in conjunction with
mathematical models to estimate biomass per tree and then statistically expanded to obtain
estimates of biomass per unit area of forest (FAO, 1997; USDA, 2014 ). Remote sensing approaches
(e.g., satellite imagery, aerial photography) are also used to estimate the area of forest cover within
aregion (FAO, 1997; USDA, 2014).

The level of data accuracy varies with choice of spatial scale. When carbon stocks are estimated at a
larger spatial scale (e.g., national, regional) through statistical sampling, the increase in sample size
provides more precision (i.e., smaller sampling errors). For smaller land areas, the estimates will be
less reliable due to a lack of statistical power associated with small sample size (Westfall et al.,
2013). Estimates at these smaller scales must then be derived from other sources such as special
inventories or surveys (i.e., thorough inventories conducted as part of a forest management plan).

In addition to primary data collection for retrospective analysis of landscape emissions, geo-
referenced land cover and forest inventory data often serve as a primary input to economic models
that can be used to project landscape biogenic emissions relative to an anticipated baseline. Thus,
models that aggregate land use data to a larger region will reduce the uncertainty associated with
those primary model inputs.

2.2.1. Cross-boundary Flows

Another difficulty introduced by defining geographic boundaries for analysis is assessment for
transfers across political boundaries (e.g., cross-state or international trade). For example, it is
common for wood-using mills in one state to purchase wood from across state or regional
boundaries (Teeter et al., 2006). As a result, the emissions from biogenic feedstock consumption for
energy production may occur in a different region than the sequestration in the forest-derived
feedstock production area. In an assessment framework, transportation across accounting
boundaries introduces complexity in that feedstocks of the same type (e.g., trees) acquired from
different areas or regions may be accounted for separately as they may have different biophysical
attributes (e.g., species, growth rates). Thus, entities using biogenic feedstocks, or another party
designated with this responsibility by a program/policy, would need to anticipate and/or monitor
the source region for all feedstocks a facility uses to account for regional differences. The data
collection and modeling complexities will increase with the number of regions defined in a
geographically divided assessment framework.

Further, it may not be possible to determine the specific origin of all biogenic feedstocks. In the
context of forest-derived biomass, even if the specific site is known, source locations would change
annually because of the long-term nature of forest harvesting cycles. For agricultural feedstocks, it
may be possible to know the specific locations that supply biomass to a procuring entity. In other
cases, aggregators or suppliers may purchase material from a variety of sources, and knowledge of
specific origins of feedstock may be lost. When the biogenic feedstock production location is known,
it is possible to collect very detailed site-specific data, although this may be costly to collect and
verify.
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In addition to inter-regional considerations, international feedstock trade flows are important to
acknowledge as well. International feedstock production and the imports of those feedstocks can
significantly affect overall U.S. biogenic feedstock resource availability and demand pressures on
those resources. The pricing and flow of feedstocks and related commodities have the potential to
influence domestic supply chains and land use activities. The report acknowledges the significance,
but does not include assessment, of international biologically based feedstock production and the
role of imports and exports (i.e., the impacts of U.S. feedstock production on international trade
flows and resource allocation). Deciding whether to include and therefore craft a means to account
for imported and exported biogenic feedstocks would be a decision specific to application of this
framework in the context of a particular policy or program requirements and objectives.

2.3. Range of Potential Spatial Scales and Related Implications and
Tradeoffs

For purposes of this framework, several spatial scale options were considered: stand /field,
fuelshed, state, regional, and national scales. The ordering here is generally in the direction of
increasing size; however, there could be instances in which a fuelshed (or woodshed) area may be
larger than, for example, an individual state (e.g., a small state such as Rhode Island). Furthermore,
some scales may approximate an aggregate of other scales, such as multiple states combining to
form one region.

2.3.1. Stand or Fuelshed

The finest spatial scale would be at the specific site of the biogenic feedstock origin (agricultural
field, forest stand, etc.). The linkage between feedstock source area carbon dynamics and the net
biogenic emissions from an entity using biomass is most direct at finer spatial scales. Accounting at
the stand or field level directly links emissions and sequestration on the landscape producing a
biogenic feedstock, and the impact of each entity’s biogenic feedstock use on the biogenic
production site carbon fluxes could be determined. However, an assessment using the reference
point baseline approach at these small scales can be challenging because data would need to be
collected for every site from which a stationary source procures feedstocks (e.g., feedstock tracking,
record keeping), and these data must accompany the movement of the feedstocks around the
country. An assessment that uses an anticipated baseline approach would also be difficult, but one
could model production systems rather than tracking each production plot.

Next may be an aggregate of areas from which feedstock may be procured for use at a specific
entity: the fuelshed.3 When the location of feedstock production sites is known, the fuelshed can
also be known because it would be the aggregate of sites from which feedstocks originate. In the
case of unknown source locations, one might be able to generalize a fuelshed into a region
encompassing local and likely sources. For example, several analyses have used a circular fuelshed
with either a straight-line or road-distance radius to model the impact of increased forest-related
feedstocks relative to business-as-usual conditions (50 miles straight-line: Galik and Abt [2012]; 30

3 Fuelshed is defined as an aggregate of areas from which feedstock may be drawn for a specific facility.
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miles road distance: Brinkman and Munsell, [2012]). Thus, fuelsheds are specific to stationary
sources procuring biogenic feedstocks, but fuelshed areas for multiple facilities could overlap, and
this could change over time as supply and market dynamics change, capital depreciates, and new
facilities are built.

An approach at a comparable scale to fuelsheds might be a fixed geographic region that
approximates the area of a fuelshed. For example, Galik and Abt (2012) note that 50-mile radius
fuelsheds approximate the area of USDA Forest Service Forest Inventory and Analysis (FIA)4 survey
units, which are fixed regions (aggregates of counties) defined to provide forest inventory
information at specified precision (USDA Forest Service, 2014). A 50-mile radius circle
encompasses about 7,850 square miles (slightly over 5 million acres). This is approximately equal
in size to each of the five FIA units within the state of Virginia (Rose, 2009). It is also approximately
equal to the area of New Jersey or Massachusetts, or the total area of the three smallest states
(Delaware, Connecticut, and Rhode Island) combined. Specification of predefined fuelshed-sized
regions enables consistent estimation of biomass production and harvest within a region, but also
means that some entities may need to acquire feedstocks from multiple regions.

Again, assessment at small scales like the fuelshed level can directly link landscape emissions and
sequestration to the use of biogenic feedstock of a specific stationary source, but also necessitates
feedstock tracking and other documentation, especially for the retrospective reference point
approach.

2.3.2. State

An advantage of using a state-level approach is that they often coincide with other administrative
or reporting units. Forest harvests and agricultural yield data can be tracked by state (for tax
reporting purposes, for example). State boundaries might be logical when states may implement
different policies and regulations pertaining to feedstock production as well as commercial trade.
However, certain small states (e.g., Rhode Island) may not be large enough to offer adequate or
accurate data on biogenic carbon stocks (i.e., forest growth and removals), thus rendering
retrospective and future anticipated modeling unreliable because the associated sampling errors
are likely too large or model inputs would not be reliable (Crocker et al.,, 2011). Furthermore, state
lines are political boundaries and do not take into account similar landscape types from one state to
the next. State lines can divide landscapes that should be considered as a whole. As discussed
earlier in this appendix, another potential difficulty with defining spatial scale with a political
boundary is assessment for biogenic feedstock transfers across such boundaries because states
may have different laws and regulations.

2.3.3. Regional

Establishing a regional spatial scale could aggregate multiple states into one primary region of
assessment. Here, the regional scale of assessment is large enough that accurate data are available
(i.e., adequate statistical power), but still small enough to capture important differences in land

4 For more information on FIA, consult www.fia.fs.fed.us.
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base and therefore feedstock characteristics, such as growth and removal rates, decomposition
rates, and species mix (Westfall et al., 2013). In other words, regions achieve a balance between
preferred statistical precision of larger scale assessments and ability to capture important land base
(biogeochemical and ownership types) and market drivers of smaller spatial scales. Regional
assessment allows for important distinctions between drivers of changes in land-based biogenic
carbon sequestration and resource supply and demand that, using a reference point baseline, could
potentially be masked at the national level. However, regional assessment potentially ignores state-
or site-level impacts as well as indirect impacts in other regions (which would be inherently
captured by a national approach). Also, determining regional boundaries might be related to
market characteristics, with multistate regions forming coherent markets for biogenic feedstocks.5

Galik and Abt (2012) provide a thorough evaluation of the impact of spatial scale on the GHG
balance of biomass energy production from forest sources. They considered assessment scales from
individual sites to fuelsheds to the state level (for the state of Virginia) and projected carbon
dynamics for a 25-year time frame relative to a baseline scenario. Their conclusion was that “those
assessment scales that do not include possible market effects attributable to increased biomass
demand, including changes in forest area, forest management intensity, and traditional industry
production, generally produce less favorable GHG balances than those that do.” They further
concluded that the larger spatial assessment scales (in this context, states and regions) “most
closely approximate the actual GHG emission implications” for the scenarios and locations they
modeled. However, it is important to note that in some cases the regional scale, like the national
scale, can also mask important fluxes in landscape emissions.t

Regions could be defined on the basis of homogeneity of biophysical characteristics such as, in the
case of forest-derived feedstocks, species types, growth rates, and climate. Regional boundaries
must be drawn carefully to ensure the region is large enough to offer adequate data accuracy and
availability, yet small enough to better reflect landscape biogenic carbon dynamics. One difficulty
with choosing this spatial scale is that each region can encompass multiple states with different
laws and regulations. For example, states with strong renewable energy incentives (including
renewable portfolio standards or state incentives) and high relative biomass use could drive

5 An example of a fixed regional framework is the EPA Emissions & Generation Resource Integrated Database
(eGRID) region structure. EGRID is used for calculating GHG emissions related to electricity generation.
Subregions nest within regions defined by North American Electric Reliability Corporation (NERC). Regions vary
widely in size from small portions of an individual state to areas encompassing portions of seven large states. For
more information on NERC and eGRID regions, consult http://www.epa.gov/egrid.

® Depending on the spatial scale considered, changes in forest carbon stock can be dramatically different, as
illustrated by the impact of hurricane Hugo on South Carolina’s (SC) forest resources. In 1989, Hugo hit SC and
caused extensive damage to the state’s forests. The hurricane reduced the inventory of softwood (e.g., pine) growing
stock by 21% or 1 billion cubic feet (Sheffield and Thompson, 1992), which is equivalent to more than 2 years of
the previous average forest harvest across the entire state (Tansey, 1986). After the hurricane, the removals of
softwood timber in the state exceeded the net growth by 43% (Conner, 1993), whereas before the hurricane net
growth exceeded removals by 2% (Tansey, 1986). However, in the subsequent assessment of forest resources
(Haynes et al., 1995), southern softwood net growth exceeded harvests. Thus, the deficit situation in SC resulting
from the hurricane impact was not observed in the larger region of the south and applying regional southern
assumptions regarding balance between growth and removals to SC could have led to additional pressure on the
resource.
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landscape biogenic feedstock removals and associated emissions fluxes for an aggregated region.
Landscape emissions impacts in neighboring states in the same region could be modest, but a
regional assessment could reveal large landscape emissions changes due to policy actions in one
state.

2.3.4. National

The next largest spatial scale possible for estimation and reporting would be national. Although a
global assessment scale is certainly possible, the highest level of spatial aggregation evaluated in
this report is national. The key advantages of a national-level assessment are that it captures
market interactions, including domestic leakage effects, and offers high-level insights concerning
general emissions fluxes from U.S. carbon stocks in forests and agricultural landscapes. The market
interactions component is especially critical, especially for the anticipated baseline approach. A
regional assessment of a biogenic feedstock demand shock may not capture emissions changes
outside of the assessment region as markets adjust to the shock and production expands or
contracts elsewhere. A national assessment using an anticipated baseline modeling approach would
capture these interactions and indirect emissions impacts. Furthermore, evaluating landscape
emissions in response to a national policy could justify a national assessment scale (Latta et al.,
2013).

At the national scale, observing or projecting emissions fluxes from managed terrestrial systems
(i-e., from U.S. forests and agricultural lands) can be accomplished using published datasets such as
the U.S. GHG Inventory and/or models designed to project emissions from land management
activities. At this assessment scale, however, quantifying the relationship between the actions of an
entity using biogenic feedstocks (or a group of such entities) (i.e., biogenic feedstock demand) and
the carbon dynamics of the feedstock production site (which is defined nationally) (i.e., biogenic
feedstock supply) could be difficult, especially for certain feedstocks. Assessing such causality at
this scale is difficult as it is hard to differentiate between this driver (biogenic feedstock demand)
and other influences on the national landscape (e.g., urbanization, natural disturbances). Also,
reporting changes in biogenic CO; fluxes at the national scale could mask important regional
differences in landscape and feedstock characteristics such as growth rates, species composition,
and other environmental conditions, especially when applying a reference point baseline approach.

For example, if one is interested in carbon stock changes associated with a particular forest harvest,
reporting and considering the effects of the harvest at a national scale would likely reveal little or
no measurable impact on overall carbon stocks at the national level. However, by normalizing the
impacts (e.g., COze per ton of feedstock harvested), the national level results can be informative and
account for certain impacts that could be lost in a regional-scale analysis (e.g., inter-regional,
domestic leakage effects). When using a retrospective approach one might need to establish a
causal statistical relationship between the harvest under consideration and resulting emissions
changes elsewhere. Ultimately, carbon stocks may be declining in some areas but increasing at a
higher rate in other areas, regardless of whether a reference point or future anticipated baseline
approach was applied and regardless of biogenic feedstock demand for energy purposes. Reporting
changes in carbon stock at the national scale would mask important regional differences in terms of
harvest and growth rates, as well as species composition, and climate. The result of a national scale
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assessment is that the evaluation of one harvest activity could have a very minor or statistically
indistinguishable impact on overall national carbon stocks.

Were this same forest harvest reported on a fuelshed scale (the area required to provide
continuous forest-derived biogenic feedstock to a specific end user) instead of a national scale, it
likely would have a measurable impact because of the smaller area under consideration. However,
this impact would potentially ignore other market adjustments and landscape impacts at the state
or regional scale. The actual harvest itself is the same in both scenarios, but the measured impact
would be different because of the choice of assessment spatial scale.

Similarly, waste-derived materials also may have some regional variability, including the
composition of waste (which can vary from community to community within a region) and regional
climate factors that affect methane (CH4) oxidation via cover soils at managed landfills (Bogner et
al,, 2007; EPA, 2009; Spokas and Bogner, 2011). However, there is a lack of literature describing the
degree to which composition of municipal solid waste (MSW) can vary from region to region, and
thus this analysis uses a national average composition based on EPA data through 2012 in the
illustrative calculations in Appendix N (EPA, 2014). Although composition of MSW may vary from
region to region, this mainly contributes to potential generation amounts of CO; and CH4 in a given
landfill, whereas the goal of the framework methodology for waste-derived feedstocks is ultimately
concerned with how the COz and CH4 from MSW are treated and used in one activity versus another.
From this perspective, CO; and CH4 from MSW can be treated similarly across the United States.

2.4. Spatial Scale in the Framework

A spatial scale should be small enough to recognize changes (e.g., carbon stock changes, emissions
fluxes), drivers, and trends and large enough to offer accurate data and be capable of dealing with
large stochastic events such as storms. It should have the ability to recognize cross-boundary flows.
Too large an area and important local or regional trends could be masked; too small an area and
limited data will preclude accurate estimation or would overestimate or underestimate the net
landscape emissions impacts by ignoring changes in land management at a regional scale. The
spatial scale should be determined by a trade-off between the statistical precision and data
availability for larger regions, against the local specificity and accurate depiction of biophysical
attributes of smaller regions.

Ultimately, the choice will depend on the specific context and program, and it may be possible to
use different or nested spatial scales within the same set of analyses.” This framework explores the
regional scale further in the sections below to derive proof-of-concept values.

" This framework can be customized so individual entities using biogenic feedstocks can derive and input entity-
specific values into the framework’s equation to calculate an individualized BAF (see the main report Part 3 for
more on customized feedstock approaches). However, in some policy or program applications or for some entities,
this customized approach will not be appropriate or feasible so the framework can be applied at different scales.
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2.4.1. Assessment at the Regional Scale

The location of regional boundaries should reflect land base characteristics and the spatial
distribution of biogenic feedstock characteristics such as species, rates of productivity, similarity of
management practices, ownership patterns, and market attributes. Regional boundaries can
coincide with other administrative or reporting units, because this may increase the likelihood that
other relevant data or model outcomes would be summarized for the regions. Because it is further
likely that forest harvests would be tracked by state (for tax reporting purposes, for example), the
use of state boundaries as regions, where possible, may be advantageous.

The size of the regions should be determined by a trade-off between the statistical and modeling
precision offered by larger regions with improved biophysical information and local specificity of
smaller regions. However, the practical implementation of an assessment framework must also be a
consideration: it is recognized that at larger spatial scales, implementation becomes simpler.

The actual regional delineations applied to the reference point and future anticipated baseline
supporting appendices apply slightly different regional scales, as discussed below.

Pacific
Northwest

Intermountain Great

PACIFIC COAST t‘ A“£
ROCKY MOUNTAIN - ’,"/
LA

Pacific
Southwest

SOUTH

Southeast

South Central

Figure C-1. RPA Regions (USDA Forest Service, 2012).
2.4.1.1. RPARegions

For the retrospective reference point baseline approach illustrative examples for forest-derived
feedstocks provided in subsequent appendices, the regions follow the region boundaries developed
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by the USDA Forest Service for the Resources Planning Act (RPA), resulting in eight regions as
shown in Figure C-1.

The RPA regions are based on publicly available data on forest resource stock dynamics (inventory,
growth, harvest) generated by the FIA program of USDA Forest Service. These regions are designed
to reflect the spatial distribution of forest characteristics (forest types, rates of productivity,
management practices) and follow state boundaries to increase the likelihood that other relevant
data are reported at the same administrative level. The RPA regions form the basis for a wide array
of reports on forest resources conditions, markets, and trends (see USDA Forest Service, 2012).

For forest-based operations, one important source of publicly available data on forest stock
dynamics (inventory, growth, harvest) comes from the FIA. FIA collects and provides information
on hundreds of thousands of sample plots nationwide on all types of forest ownerships. FIA data
can be used to assess availability of forest-derived feedstocks and estimate production of harvest
residues (Conner and Johnson, 2011; Johnson, 2001). These data can be used to estimate several
terms in the BAF equation using the reference point baseline approach.

For forest-derived feedstocks, the smallest spatial scale at which FIA data are reliable may be
somewhat larger than a fuelshed. It is possible to use FIA data to narrow down the forestland base
within prospective regions to a working forest for each region and then compute variables such as
gross growth, removals, and excess growth, along with their sampling errors. Sampling errors for
basic estimates of overall biomass may be within a few percent at this scale. However, sampling
errors on other variables of interest—such as growth and harvest—will be much higher. For
example, the state of New Jersey is about 7,500 square miles in size, approximately the size of a 50-
mile radius circle that might approximate a fuelshed. In a recent report (Crocker et al., 2011), the
sampling error for the volume of New Jersey’s growing stock was 4.6%, but sampling errors for
growth and removals were 9.62% and 29.5%, respectively.

Therefore, although the precision of the basic volume estimate may be acceptable at fuelshed
scales, growth and removal metrics related to the balance of carbon emissions and sequestration
will be less reliable, and for that reason larger spatial scales are preferred. At the RPA regional level,
the spatial scale provides estimates within acceptable uncertainty ranges.

2.4.1.2. FASOM-GHG Regions

The regional delineation used for the illustrative BAF equation applications for agriculture-derived
feedstocks under the retrospective reference point baseline approach and for forest-derived and
agriculture-derived feedstocks under the future anticipated baseline approach (Appendices H
through M) is the delineation as used within the U.S. FASOM-GHG. These 11 regions are shown in
Figure C-2.
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Figure C-2. FASOM-GHG Regions.

The FASOM-GHG regions are based on the underlying datasets used in the FASOM-GHG model.8
Many of the datasets are resolved at the state and/or county level and aggregated up to the various
FASOM-GHG regions for reporting. Forest-sector data are based on a number of relevant datasets,
including the FIA. As noted, the FASOM-GHG regions are similar to the RPA regions in general size
and geographical location. Specifically, the FASOM-GHG regions reflect areas that exhibit similar
land characteristics, crop types, existing forest resources, forest/crop yields, forest/agricultural
management alternatives, soil types, rainfall, and climate patterns (see Beach and McCarl, 2010).

3. Conclusion

The RPA and FASOM-GHG regions are examples of spatial scales that address some of the tradeoffs
previously discussed in this appendix. The regions are small enough to recognize trends and
changes in growth and removals, yet large enough to offer widely available data and adequate
statistical power. Furthermore, the RPA and FASOM-GHG regions are well established in the
literature and not as complex as alternative regional delineations (e.g., the eco-regions previously
developed by EPA for ecological applications [see Bryce et al., 1999]). The regions also largely
follow state boundaries, which allows for easier reporting and greater recognition of cross-
boundary flows.

That said, although the RPA and FASOM-GHG regions are used in this report to road test the
framework, they are selected for illustrative purposes only. Ultimately, any final choice of regional

8 Additional information on the FASOM-GHG model and its application for the technical appendices of this report
can be found in Appendix L.
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delineation is a decision for policy makers and should reflect the requirements for a particular
program.
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Appendix D: Feedstock Categorization and Definitions

Table of Contents

P o U 0T UL Ui o) o U D-2
2. Summary of Biogenic Feedstock Categories USEd ......eneeneeseeneesssesesssessesssessssssssssssessssssessesans D-3
3. Biogenic Feedstock CharaCteriStiCS. ..o eerereesssesssesssesssessssssssssesssssesssesssesssssssssssssssssssssssssesssees D-4
3.1.  Forest-derived FEeAStOCKS ... sssssssss s sssess s ssssssssssssssssssssssssssaees D-5

S 0 R (0 100 o 0T o o PN D-5
3.1.2.  LOZEING RESIAUE ..ottt sssssesse s ss s sess s sss s ssnses D-6
3.1.3.  Forest-derived Industrial Products and Processing By-products..........eeeeneenn. D-7

3.2.  Agriculture-derived FEedStOCKS....comrreseerersesssessssessssssssessesssesssssssesssesssesssssssssssssssssssssssssesssess D-9
3.2.1.  Conventional AGriCUItUTAl CIOPS..oreererereesserssessessesssrsssssssssesssssessssssssssesssssssssssssssssssssssessesans D-9
3.2.2.  Agricultural Crop RESIAUES.....ourieeriereereereteesseesessessesseesse s ssnsssssessssssssss s sssssans D-10
3.2.3.  Agriculture Industrial Products and Processing By-products.........eeeeen. D-11
3.2.4. Dedicated ENEIrZY CrOPS. .. reseeseereesseseessesssssesssesssssssssssssssssesssssssssassssssssssssssssasssssssssssnns D-13

3.3. Waste-derived FEedSTOCKS ... D-14
3.3.1.  Municipal Solid Waste (MSW ) .iiessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns D-15
3.3.2. AnNimal AGIiCUITUIE WASTES....ocoveuriereeeeeretseeseieesseesessesssesssssse s s ssssssssssssesssssssss s sssssssans D-16
3.3.3. WaSTeWALET s s D-17

4. Other Possible FEEAStOCK Cat@OTies. ...cooiinemieneereesesseessessessessessssssssssssseesssssssssssesssessssssssssssssasessnes D-17
4.1, Secondary USE FEEASTOCKS ....omiiurreereeureisesssessetseessesssssssssessesssesssssssssssssssssssssssessssssssssssssssssasessnes D-17
4.2. Feedstock IMports and EXPOTES ... ssssssssssssssssssssssssssssssssssssnes D-18
4.3. New, Unconventional, or Otherwise Unanticipated Feedstocks........cmmnernrenneereenrerncennens D-18

5. REfEIEINCES ..t D-19
6. Addendum: Spent Pulping Liquor—Overview of Processes and Possible Alternate Fates....D-21
6.1. Joint Production of Industrial Products and By-products..........eeneeneessesseeseen. D-21
6.2.  OVerview Of PUIPING PrOCESSES ...ccirrereeereeeseeeeseesseesssssesssesssssssssssssssssssssesssssssssssesssessssssssssssssssssens D-22
6.3.  Generation of Pulp and Black LIQUOT .....orereunereenneersistesesssetssessessssssnsssssssssesessssssssssssssesssssssenns D-23
6.4. Biogenic CO; Emissions from Kraft Black Liquor Chemical Recovery ........eeneenn. D-26
6.5. Alternate Pathways for Black LIQUOT ... ssssssssssssssssssssssssnns D-27
6.5.1.  Alternate Fate Scenario 1: Black Liquor Incineration without Energy Recovery....D-29

6.5.2.  Alternate Fate Scenario 2: Black Liquor Decomposition in a Wastewater Treatment

November 2014 D-1



6.5.3. ) Yo 1) (0o D-31

6.6. References for AddeNAUIM ... ssssss s sseas D-31
List of Tables
Table D-1. BioZeNniC FEEASTOCKS. ..ereeereerseeeeseeseessesseessessssssssessssessssssesssss e ss st sesssssssssssssesssssssssssssssssssesssssens D-3
Table D-2. Elemental Composition of Black Liquor (Weight % of BLS).....coinoninrenrenrereeseseesreeseeeneens D-25
Table D-3. AVOIDEMIT for Scenario 1 Where Black Liquor Is Incinerated Without Energy
RECOVETY. writsereresessessessssse s s s s s R et D-29
Table D-4. AVOIDEMIT for Scenario 2 Where Black Liquor Is Disposed Through Wastewater
TIEALIMENT. .ottt R s D-30

List of Figures

Figure D-1. Products of the Kraft Mill Digester (Tran and Vakkilainnen, 2008).......ccccconreureenrerreereena. D-24
Figure D-2. Simplified Representation of the Kraft Pulping and Chemical Recovery System (EPA,

Figure D-3. Simplified Diagram Showing How Biogenic CO; Emissions Are Emitted from Both Kraft
Recovery Furnace and Lime KilN. ..o ssssse s sssssssssssesssessssssssnns D-27

1. Introduction

The purpose of this appendix is to describe the categorization of biogenic feedstocks used in the
assessment framework. A biogenic feedstock can be defined as any organic material originating
from modern or contemporarily grown plants, animals, or microorganisms, excluding material
embedded in geological formations or fossilized, that is used for combustion or product processes
or otherwise decomposes at a stationary source. A multitude of feedstocks meet this definition,
though some feedstocks are more commonly used for bioenergy than others. Feedstocks differ in
physical properties; origin (including local climate and biogeochemical attributes); species; growth
rates; management (from planting to harvesting); and whether they are deliberately raised as an
energy feedstock or if they can be used for other purposes (e.g., human or animal consumption), are
reclaimed wastes from other processes, or are salvaged following extreme events such as
hurricanes or insect outbreaks. Duration of typical growth or decay periods also can differentiate
feedstocks. Annual crops, for example, might be accounted for differently than perennial crops, and
both might be accounted for differently than waste-derived feedstocks. Furthermore, a feedstock in
continuous supply may need to be accounted for differently than a feedstock available only
occasionally (e.g., short growing seasons, feedstocks that result from fire or insect infestation).

This appendix first lays out the broad feedstock categorization used in the framework. It then
discusses the various feedstock attributes of commonly used biogenic feedstocks and why certain
feedstocks are grouped together. This appendix also generally discusses other feedstock categories,
including secondary use feedstocks, imports, and emerging markets. The list of feedstocks included
in this categorization is not exhaustive and may need modification per specific policy applications
and/or as new feedstocks come into the biogenic feedstock market. The broad feedstock
categorizations in this appendix are not intended to represent specific regulatory definitions that
currently exist or that may need to be developed as part of policy applications of the framework.
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2. Summary of Biogenic Feedstock Categories Used

To account for differing feedstock characteristics, the framework separates biogenic feedstocks that
might be used in a stationary source into three basic categories:

1. Forest-derived feedstocks: biomass derived from natural forests, tree plantations, and wood
products production processes;

2. Agriculture-derived feedstocks: biomass derived from agricultural operations; and

3. Waste-derived feedstocks: biomass derived from any source of animal, industrial, or
municipal waste.

The framework uses these categories because they are large enough to capture the important
differences among feedstocks in terms of their biophysical attributes but small enough to be more
manageable and understandable for application in a stationary sources context. Table D-1 includes
examples of biogenic feedstocks under these common categories that have been used commerecially,
or could be used commercially in the near future, for bioenergy purposes.

Table D-1. Biogenic Feedstocks.

Forest-derived Feedstocks Agriculture-derived Feedstocks \ Waste-derived Feedstocks
Roundwood: Conventional Agricultural Crops: Municipal Solid Waste:
Pulpwood, saw logs Camelina, corn, canola, sorghum, Urban wood waste, yard
soybeans, sugarcane, wheat trimmings, food waste from
industrial processes, kitchen
Logging Residue: Agricultural Crop Residues: scraps
Branches and limbs, debris Barley straw, corn stover, oat straw, rice
straw, wheat straw Animal Wastes:
Livestock manure, litter,
Dedicated Energy Crops: manure wastewater
Miscanthus, napier grass, switchgrass,
short rotation woody crops (e.g., hybrid Wastewater

poplar, poplar, willow, eucalyptus)

Industrial Products and Industrial Products and Processing By-

Processing By-products: products:

e No current alternative e No current alternative market uses,
market uses, such as such as: shells, husks, and cobs
pulping liquor e Has current alternative market uses,

e Has current alternative such as animal fats, oils, and greases;
market uses, such as mill distillers grains; ethanol; biodiesel

residues (bark, peeler
shaving, sawdust);
ethanol; pellets
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3. Biogenic Feedstock Characteristics

The feedstock categories are based on the key characteristics of feedstocks themselves as well as
the feedstock source conditions that may lead to different net biogenic carbon-based emission
profiles and thus merit different treatment under the framework. These characteristics generally
include similarities and differences between feedstock growth and decay cycles, typical
management and land use patterns associated with feedstock production, potential alternate
market and carbon fate pathways, and other factors. More specifically, these characteristics include
the following:

e Time scale over which feedstock carbon sequestration and emissions occur. For some
feedstocks, carbon sequestration into the feedstock can occur over a short time (i.e., a year
or less). For other feedstocks, sequestration occurs over a much longer time (i.e., decades to
hundreds of years). Although emissions to the atmosphere occur instantaneously during
combustion, some emissions-associated feedstock losses (e.g., decay) or alternative
pathways may take place over days, weeks, months, or even years during storage and
handling.

e Alternate fate pathways (assumptions about “What would have happened otherwise?”).
Baseline assumptions can involve consideration of the end-of-life emissions profile of each
feedstock were it not used at the stationary source for energy. The baseline assumptions
vary according to the feedstock type and could vary if there are other possible market uses.
For example, some feedstocks may be left undisturbed to decompose if not used for energy,
thereby emitting both CO, and CHa4, which is avoided when the feedstocks are combusted. If
not used for energy, some feedstocks would otherwise have to be disposed of (landfilled or
other means). Conversely, some feedstocks may have been used in other markets if they
were not being used at a stationary source for bioenergy production.

e Land use/land-use management changes. The cultivation and use of certain biogenic
feedstocks can create market competition that stimulates a shift in land use or land use
management changes. Changes in land use and related management activities can generate
emissions that contribute to the net atmospheric contribution from using the feedstock at a
stationary source.

e Leakage: The use of some feedstocks for bioenergy may have GHG emissions effects outside
of the biogenic feedstock production assessment boundary caused by the biogenic feedstock
production activities (e.g., replacement of diverted crop, livestock, or forest products due to
a change in land use from conventional products to biogenic feedstocks). The directionality
and magnitude of these leakage effects may vary significantly according to feedstock type,
location, and other factors. Further discussion can be found in Appendix E.

e Storage and handling losses. Various steps involved in converting a biogenic feedstock into a
bioenergy product may involve losses of the biogenic carbon during transportation, storage,
and handling. These feedstock losses vary according to the feedstock type.
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The following subsections discuss how different feedstock categories could be considered within
the framework according to their different characteristics.

3.1. Forest-derived Feedstocks

Forest-derived feedstocks currently constitute one of the largest sources of bioenergy in the United
States (EIA, 2011). The majority of that energy production is currently derived from wood products
processing. However, increased demand for bioenergy can result in higher prices being paid for
bioenergy feedstock, and in doing so, increase competition with existing forest products markets,
especially pulpwood (Becker et al., 2009; Galik et al., 2009; Lundmark, 2006). Increasing demand
for pulpwood can have cascading effects on sawtimber markets, as few stems are left to grow into
sawtimber size classes (Abt & Abt, 2013). The interaction between bioenergy harvests and broader
timber market effects is somewhat dependent on the rate at which and the cost at which residues
can be recovered. Abt & Abt (2013), for example, show that the assumed rate of logging residue
recovery has a substantial influence on timber market response, and by extension, possible future
changes to forest land management.

In this section, characteristics of roundwood, logging residue, and forest-derived industrial
products and processing by-product feedstocks are presented.

3.1.1. Roundwood

Roundwood biomass includes trees of commercial size, species, and quality from a forest or
plantation in an area with commercial markets. Roundwood is most often sent to sawmills or pulp
and paper mills, though it is occasionally used for energy purposes (as clean chips, for example) at
dedicated or cofiring electricity generating unit (EGU) facilities.

e Time scale over which feedstock carbon sequestration and emissions occur. Roundwood
feedstocks typically have a longer harvest cycle than agriculture-derived feedstocks like
traditional crops or dedicated energy crops. Example harvest cycles for roundwood pulp
and sawtimber production are about 11 to 15 years for pulpwood and 25 years for
sawtimber grown on plantations in the southern United States and 45+ years for sawtimber
in the Pacific Northwest. Note that the overall average age of the U.S. forest inventory is
older than these values because of the inclusion of less actively managed forest area.

e Alternate fate pathways: Roundwood, if used for industrial purposes other than energy,
could lead to long-term carbon sequestration. For example, if the wood were used for
furniture, buildings, or pulp and paper, its carbon would be sequestered for longer than if it
is burned immediately for energy purposes (though pulp and paper products would
generally have shorter sequestration time frames than more durable products) (Skog,
2008). Additionally, roundwood use at stationary sources for the sole purposes of
bioenergy production could detract from roundwood use in other markets.

e Land use/land use management changes: Roundwood biomass can have several markets
competing for the same raw material. For instance, pulp and biomass-to-energy markets
can compete for the same tree sections. As such, changes in demand for roundwood
biomass, whether for bioenergy or other uses, can lead to changes in production, potentially
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causing direct land use or land use management changes. Such changes, including, for
example, shortening rotation ages/increasing harvest frequency, can in turn cause the
landscape to have different GHG emissions profiles and equilibrium states.

e Leakage: Increasing use of roundwood for energy production would likely also have
ramifications throughout related commodity markets, causing leakage effects such as
indirect land use change. For example, leakage could take the form of additional land
outside of accounting boundaries converting from a previous use to accommodate displaced
market demand (e.g., shifting cropland or pastureland to forestland, which could result in
higher carbon sequestration on those newly forested lands, but potential carbon emissions
due to conversion of other lands elsewhere to cropland).

e Storage and handling losses: Roundwood biomass is often harvested, preprocessed,
transported, and used within a matter of days or weeks, which limits storage losses.
However, depending on location, there may be longer storage needs at certain times during
the year, and some degradation of woody biomass and associated dry matter loss could
occur during storage and handling. The degree to which dry matter loss occurs depends
largely on moisture content, where woody materials with high moisture levels are more
likely to be colonized by fungi and mold, which can cause dry matter losses. In addition, the
longer biomass is stored, the greater the dry matter loss, other things being equal.
Accounting for forest-derived feedstocks like roundwood should cover losses in storage and
material handling to provide a complete link between feedstock available at the source
location and that used in the stationary source.

3.1.2. Logging Residue

Logging residues include biomass derived from harvest operations including treetops and non-
merchantable sections of the stem, branches, and bark left on the ground after logging. If not left to
decompose or open burned on site at the logging operation site, logging residues are often sent to
sawmills or pulp and paper mills, though they are also used for energy purposes, either at EGUs or
to fuel internal processes at sawmills and pulp and paper mills.!

e Time scale over which feedstock carbon sequestration and emissions occur. If left in the forest,
logging residues may be either burned or left to decay over a period that can range from
days to years, depending on the size and nature of the woody material and the surrounding
environmental conditions (e.g., moisture, soil type, exposure to light) (Turner et al., 1993;
Turner et al.,, 1995). Materials such as leaves of deciduous trees will decompose within a
couple of years, while conifer needles will often take several years. In general, the wetter
the biomass on the forest floor, the faster these residues will break down. If not burned,
non-merchantable large woody material would decay slowly in the forest, and its carbon

! Traditional harvests (removing tree boles and leaving tops and limbs on site) in some instances may transition to
more intensive practices such as whole-tree harvesting/chipping. In this presentation of the framework, whole-tree
use is not attributed exclusively to the roundwood feedstock, because the practice also includes the harvest of what
traditionally would have been left as residue. Thus, a whole-tree harvest can be viewed as removing two feedstocks:
roundwood and logging residue. Thus, under the framework, whole trees could be divided into both roundwood and
logging residue.
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content in the forest can be estimated from sampling surveys. It can take several decades
for pine logs with high resin content to fully decompose.

e Alternate fate pathways: If left in the forest, logging residues may be either burned or left on
site to decay over a period that can range from days to years (as discussed above), which
can have different net biogenic contributions to the atmosphere. Under current biomass
market prices in most regions, logging residues are often not collected, and procurement of
residue does not trigger the harvest operation (DOE, 2011).

e Land use/land use management changes: The type of harvest operation (e.g., whole tree
versus non-whole tree harvest), stand and timber structure, and soil conditions play
significant roles in the abundance and merchantability of logging residues. For instance,
hardwoods in general yield higher percentages in non-timber biomass than softwoods. If
soils are wet, logging residue material may be used to stabilize skid trails resulting in no
surplus for feedstock supply. Extracting biomass for energy production often requires the
simultaneous harvest of more valuable wood (timber, pulpwood) to justify the cost of
collecting the residue material. Under current market conditions, increased demand for
logging residues for bioenergy production is unlikely to expand the harvest area (i.e., land
use change) though it could change the intensity of residue collection operations (i.e., a land
use management change). If more logging residues are collected as biogenic feedstocks for
energy production, this management change could impact the soil carbon contributions to
the harvest landscape and, conversely, remove the volume of woody matter decaying on the
forest floor or being burned on site.

e Leakage: Under current market conditions, there are no commercial alternative markets for
logging residues and thus few pathways for increased logging residue removal inspire
leakage effects such as indirect land use change. However, if the demand for logging
residues increases substantially (e.g., as markets for bioenergy feedstocks develop), this
could alter current practices to the extent that leakage could potentially occur.

e Storage and handling losses. As noted above, to the extent that forests are harvested and
used on a fairly continuous year-round basis with only days, possibly weeks, between
harvest and use, there will tend to be relatively little storage and handling loss. However,
the longer storage is required, the greater dry matter loss will occur, other things being
equal. Within forest-derived feedstock types, logging residues are more likely to experience
feedstock losses during transport, storage, and handling than roundwood because of the
smaller size of the feedstock pieces. Nonetheless, processing losses of forest-derived
biomass are generally expected to be minimal.

3.1.3. Forest-derived Industrial Products and Processing By-products

Usual practices within the forest industry generate a wide variety of forest industrial products and
processing by-products. These by-products include liquids such as black liquor from the pulping
process and mill residues such as bark, shavings, sawdust, sanderdust, hog fuel, and unusable bole
components (due to knots, holes, etc.).2 Consideration of forest-derived industrial processing

2 Forest products are characterized by a joint production function, as any products are produced from a single tree.
Forest product industrial entities will try to optimize production to maximize the amount of high-value products
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products and by-products should include assessment of whether these materials have current
alternative market uses to bioenergy or not. Most residues from wood processing facilities are
currently used for onsite energy production or sold for other forest products (e.g., particleboard).
Deviating by-products that do have current market uses to additional energy production instead of
their traditional use could have potential impacts on those traditional markets. For example,
markets for sawdust, shavings, and chips from sawmills are well established. Sawdust and shavings
may be used in composite wood products such as particleboard, medium density fiberboard (MDF),
or pellets, shavings may be sold to farmers or pet owners for animal bedding, and bark may be sold
for use as mulch or fuel. Very small amounts of mill residue go unused (USDA, 2007; U.S.
Department of Energy, 2011). In addition, chips are often sold to pulp mills (USDA, 2007). Bark,
slabs, edges, and other material may be burned on site at forest product mills for heat and energy
production. Thus, when mill residues that were used in other markets are diverted into energy
production, it may be an indication that leakage effects are possible (i.e., if sawdust goes to a
biomass energy entity rather than a pulp mill, the pulp mill will need to make up the shortfall,
possibly by increasing pulpwood harvests).

An example of a forest industrial processing by-product with no current alternative market use is
spent pulping liquor. Spent pulping liquor (e.g., black liquor from the kraft pulping process)
contains nearly half the original energy content of the wood and is not currently sold on the market,
because it is typically combusted within the pulp mill chemical recovery process for purposes of
reclaiming pulping chemicals and producing energy. If not combusted for chemical recovery and
energy, black liquor-producing entities would need to dispose of the material (e.g., treatment in
wastewater treatment systems, decay in lagoons, combustion without energy). When evaluating
black liquor combustion on site for energy versus possible alternates fates (disposal and potential
CH4 and CO; emissions from decay), black liquor combusted for on-site energy is expected to have
less net atmospheric biogenic CO; contributions. Also, because black liquor production is
contingent on paper production and related paper market demand and prices, it is therefore
unlikely that changes in demand for or prices of black liquor would lead to changes in paper
production and related land use, harvest, or forest management decisions (e.g., no effect on
landscape attributes). This may also be the case for other industrial processing by-products with no
current alternative market uses. More information and analysis on black liquor can be found in
Addendum A to this appendix.

e Time scale over which feedstock carbon sequestration and emissions occur: For this feedstock
category, the analysis of the time scale for feedstock-related carbon fluxes will depend on
the feedstock and landscape attributes and/or alternate paths associated with the feedstock
(e.g., the feedstock production site and the alternate fate pathways [discussed below]).

(e.g., saw lumber) and minimize the amounts of low-value products (e.g., pulp, black liquor). Although there is some
responsiveness to relative price movements (e.g., higher demand and prices for wood pellets may lead to an
increased proportion of scrap going to this use and a decreased proportion going to particleboard), the elasticity of
transformation between outputs may be very inelastic, and even with a negative price some low-value products
would still necessarily be produced as a by-product of the production of high-value products (e.g., sawdust, black
liquor).

November 2014 D-8



e Alternate fate pathways: The alternate fate of forest-derived industrial products and
processing by-products can vary widely per feedstock (those with and without alternative
market uses) and per stationary source process. In the case of feedstocks with alternative
market uses, these feedstocks typically would not be used for energy if there is a higher-
value use (e.g., as raw material for pulping or composite wood products), and these
feedstocks would pass through the stationary source through means other than the stack.
For those feedstocks with no other current market uses, the alternate fate pathways could
include use for energy (e.g., as boiler fuel) and disposal (e.g., through non-energy-related
burning, landfilling, on-site storage), which might include decay causing CH4 and CO;
emissions.

e Land use/land use management changes: Under current market conditions, there is no
evidence of land use or land use management changes related to producing forest-derived
industrial products and by-products.

e Leakage: If demand for forest-derived industrial products and processing by-products
increases for energy use, leakage could occur if these feedstocks currently have alternative
market uses.

e Storage and handling losses: With some feedstocks in this category that require storage, the
longer a feedstock is stored, the greater dry matter loss will occur, other things being equal.
Within forest-derived feedstock types, industrial products and process by-products are
more likely to experience feedstock losses during storage and handling than roundwood
because of the smaller size of the feedstock pieces (Thornqvist and Jirjis, 1990; Jirjis, 1995;
Afzal, 2010).

Furthermore, some products from the forestry sector are purposefully produced for energy
production. These products include pellets or other fuels produced from woody biomass (these are
covered in the secondary use feedstocks section below).

3.2. Agriculture-derived Feedstocks

Although the majority of biogenic feedstocks that have been used for energy generation in the
United States to date are derived from forest materials, there is potential for large-scale use of
agricultural feedstocks as well. Traditional agricultural crops that have historically been grown for
food, feed, and fiber could be used as bioenergy feedstocks, as could crop residues, dedicated
energy crops, or industrial products and processing by-products. This section describes
characteristics of these agricultural feedstocks, separating them into three categories: (1) crops
grown primarily for bioenergy use, whether conventional or dedicated energy crops; (2) crop
residues; and (3) agricultural-derived industrial products and processing by-products.

3.2.1. Conventional Agricultural Crops

The conventional agricultural crops category includes feedstocks from crops traditionally grown
for food, feed, textile, or other uses, such as corn and soybeans. These crops can be converted at
stationary sources into conventional starch-based fuels, electricity, biodiesel, and cellulosic fuels.
Use of these feedstocks in bioenergy production could result in changes in their production, price,
and trade and potentially result in direct and/or indirect land use change. Crops for which only the
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processing by-products from a multiproduct processing activity (e.g., soybean oil, rice hulls) are
used for bioenergy are covered under the agriculture industrial processing by-products
subcategory below.

Time scale over which feedstock carbon sequestration and emissions occur: Growth and
harvest of, and related sequestration and emissions from, conventional crops generally
occur at time scales of a few months to a year. Even though the net atmospheric biogenic
contribution from the growth and harvest of the feedstock itself is in balance, other factors
such as land use management and land use changes and related soil carbon effects can affect
the overall assessment outcome.

Alternate fate pathways: If conventional crops are not used for bioenergy, they would be
used for other purposes, such as food, animal feed, or fiber or the production of liquid
biofuels.

Land use/land use management changes: There can be direct land use change effects if the
demand for agricultural crops for bioenergy causes changes in land use and land use
management. Changes in demand for agricultural biomass can lead to changes in cropping
patterns, and production practices (e.g., intensification) can lead to changes in GHG
emissions (e.g., impacts on soil carbon levels).

Leakage: Leakage effects related to conventional crops for energy purposes can be
substantial. The new or diverted production of feedstocks can affect commodity markets
and thus lead to changes in production that alter land uses and land use management
outside of the bioenergy feedstock supply chain (Murray et al., 2004; Searchinger et al.,
2009; EPA, 2010a). For example, if forested land is converted to crop production for energy
uses, the carbon storage occurring on the landscape changes in both standing biomass and
soil carbon pools. Also, other forested lands outside of the bioenergy supply chain could
become managed or be managed differently to meet the market product demand displaced
when the original forestland was converted to crops for energy use.

Storage and handling losses. Agricultural feedstocks generally need to be processed before
they can be used for energy, which can lead to low levels of decomposition or physical
feedstock losses. Additionally, because of their seasonal nature, conventional agricultural
biomass needs to be stored to provide a year-round supply of energy. Thus, agricultural
biomass may experience more feedstock losses than forest biomass, on average, simply
because it typically needs to be stored longer. Dry matter losses during storage inside
buildings are expected to be less than 5% (Collins et al.,, 1997; Huhnke, 2006; Shinners et al,,
2007). Outside storage could lead to substantially greater losses because of the exposure to
weather and increased losses to pests.

3.2.2. Agricultural Crop Residues

Agricultural crop residues, such as corn stover, wheat straw, and rice straw, can be collected for
conversion or combustion at stationary sources to generate electricity and cellulosic fuels. These
residues are traditionally tilled into the soil, providing nutrients for the next planted crop. However,
crop residue management changes, such as the removal of residues that would otherwise remain
on the field or be open burned, result in impacts on soil conditions (e.g., increased erosion) as well
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as soil carbon levels (e.g., lower carbon inputs to the soil). In addition, in some instances (e.g., the
removal of corn stover) there may also be a loss of nitrogen in the soil. In such cases, to address this
loss of soil nitrogen following the removal of corn stover, additional fertilizer may be added to
ensure continuing yields of the main corn crop. Thus, additional N,O emissions may be incurred as
a result of residue removal.

e Time scale over which feedstock carbon sequestration and emissions occur: Crop residues are
generated on an annual basis when crops are harvested, with subsequent decomposition
taking place over a period of months or years depending on production practices and
environmental conditions.

e Alternate fate pathways: Agricultural residues, like forest residues, would decay, emitting
CO2 and CH4, and make small contributions to soil carbon if they are not removed for
bioenergy or other uses. Removing residues may increase the return of carbon to the
atmosphere from the residues in the short term and reduce the amount of carbon stored in
the soils over a longer term.

e Land use/land use management changes: In the case of changes only to land use
management, there may potentially be effects from removing agricultural residues from the
landscape and using agricultural processing by-products, because land use management
changes can affect soil GHG fluxes.

e Leakage: In addition, to the extent that a market develops for crop residues, this additional
coproduct of crop production may increase returns to production of agricultural crops with
marketable residues and induce land movements from other uses to crop production with
residues.

e Storage and handling losses. Accounting for agricultural feedstocks such as residues and by-
products should cover any losses in storage and material handling. Although these losses
may be small compared with feedstock use (less than 10%), these losses in the supply chain
are required to link what is being used in the stationary source process to what is grown at
the feedstock source location.

3.2.3. Agriculture Industrial Products and Processing By-products

Similar to those produced in the forestry sector, agriculture industrial products and processing by-
products are considered in two subcategories: those with current alternative market uses and those
without. Again, if these industrial product and processing by-product feedstocks are used to
produce bioenergy instead of traditional market uses, this alternative use for energy can potentially
disrupt the traditional markets and have related land use and/or land use management changes.

Examples of agriculture industrial processing by-products with a current alternative market use
include animal fats, oils, and greases that come from livestock production and distillers grains that
are produced during the grain ethanol production process. Animal fats, oils, and greases are used in
a variety of markets, including the manufacture of beauty products, pet foods, and many other
goods. Distillers grains are used as animal feed, often serving as a substitute for corn and soybean
meal in feedlots.
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Examples of agriculture industrial processing by-products with no current alternative market use
(outside of renewable fuel production) include shells, husks, and cobs.

However, some agriculture-derived products are produced for energy purposes but not necessarily
for use at stationary sources. These include ethanol and biodiesel produced from a variety of
agriculture sources: grains, oilseeds, cellulosic material, sugar-based crops, and more. These
products tend to be produced for use in the mobile source sector, but their use in a stationary
source remains a possibility.

e Time scale over which feedstock carbon sequestration and emissions occur: For this feedstock
category, the time scale over which sequestration occurs for the primary crop is typically
less than a year because the biogenic feedstock is derived from the production of annual
crops. For emissions from the industrial products and by-products, the time period over
which emissions would take place will depend on the specific feedstock being considered
and the alternate fate pathways.

e Alternate fate pathways: The alternate fate of agriculture industrial products and processing
by-products varies across feedstocks and by stationary source process. Some feedstocks
have active alternative markets, whereas others do not currently have alternative market
uses. In the case of feedstocks currently being used in alternative uses (e.g., distillers grains,
oils), they would typically not be used in energy production as long as there are higher-
valued uses. For feedstocks without current alternative market uses, the alternate fate
pathways could include use for energy. Materials such as corn shells, husks, and cobs may
be spread back on the field as the combine harvests the grain, which helps maintain soil
quality. Thus, using these materials in alternate ways may necessitate the addition of more
fertilizer or other soil amendments to maintain soil quality. A given alternate fate pathway
for these feedstocks may potentially result in CO; and CH4 emissions from decay.

e Land use/land use management changes: Under current market conditions, using
agricultural industrial products and processing by-products that are currently being used in
making animal feed, cosmetics, or alternative fuels not used at stationary sources is likely to
lead to market impacts. Land use may change as demand for agricultural commodities that
generate industrial products and by-products that can be used for energy production
increases. Diverting the use of by-products that are not currently used in other markets is
less likely to have effects on land use, though there may be effects on land productivity and
input use due to nutrient removal, as discussed above. It is also possible that creating a new
demand for corn by-products (e.g., shells, husks, and cobs), for instance, would lead to more
land moving into corn if the additional revenue available from corn by-products becomes
sufficiently high.

e Leakage: If there is sufficient demand for agricultural industrial products and processing
by-products for use in energy production, there could be leakage because these products
are diverted from their current market uses.

e Storage and handling losses: It is possible that there would be some physical losses or
decomposition of some feedstocks, with losses tending to increase with length of storage,
other things being equal.
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3.2.4. Dedicated Energy Crops

Dedicated energy crops, including switchgrass, miscanthus, energy sorghum, and short-rotation
woody crops (e.g., poplar, willow), can be converted at stationary sources into heat and power,
cellulosic fuels, and biodiesel. Direct and indirect land use change can occur as a result of dedicated
feedstock production because existing forestlands, croplands, or grasslands would likely need to be
converted to grow these feedstocks since they are not currently produced commercially at large
scales in the United States.

e Time scale over which feedstock carbon sequestration and emissions occur: Growth and
harvest of dedicated energy crops generally occur at time scales of a year or a few years,
with short-rotation woody crops having the longest growth cycle in this subcategory (3 to
20 years, depending on site and management conditions). For some energy crops like sweet
sorghum, sequestration and emissions related to a single rotation typically occur over the
course of a few months to a year. For these energy crops on rotations similar to traditional
agricultural crops, the net atmospheric biogenic contribution from the growth and harvest
of the feedstock itself is considered in balance, though other factors such as land use
management and land use changes and related soil carbon impacts can affect the overall net
contribution outcome. For energy crops with rotations longer than a year, the rotation ages
and harvest regimes (and thus resulting sequestration and emissions related to growth and
harvest) depend largely on specific species and site and management conditions.3 Many
energy crops also have extensive root systems that are left during bole/limb harvests to
regenerate for multiple cycles. These root systems and minimal/no tillage practices can lead
to high levels of soil carbon sequestration over time. In some circumstances, dedicated
feedstocks may have substantial direct land use and/or leakage impacts related to
cultivation if its production has displaced other land use types (especially in the case of
displaced forest), which may have implications for landscape carbon equilibrium over time.

e Alternate fate pathways: If not used for bioenergy, there would be no dedicated planting of
energy crops aside from those cultivated currently for biofuel production, which is not yet
conducted on large scales commercially.

e Land use/land use management changes: There can be direct land use change effects if the
demand for dedicated energy crops causes changes in land use and land use management.
Numerous alternative energy crops could be grown on land currently being used for
production of other forestry or agricultural commodities. Changes in demand for energy
crops could displace traditional crops and forest products, and these changes in cropping
patterns and production practices can cause substantial GHG emissions changes. For
example, land may be converted from traditional crops such as corn or soybeans to energy
crops, which would lead to increases in soil carbon sequestration as well as other carbon

3 Site requirements, regeneration potential, growth and yield estimates, pests, and fertilization regime all affect
species growth and influence management decisions (in addition to cost for the latter). Management regimes for
energy crops can vary widely, from active management to low-intensive/unmanaged regimes, which causes widely
different growth and harvest-related emissions.
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pools. Land converted from forests to energy crops can increase GHG emissions from the
landscape initially.

e Leakage: Leakage effects related to dedicated energy crop production can be substantial.
The new or diverted production of feedstocks can affect commodity markets and thus lead
to changes in production that alter land uses and land use management outside of the
energy feedstock supply chain (Murray et al., 2004; Searchinger et al., 2009; EPA, 2010a).
For example, if corn-producing cropland is converted to a short-rotation woody crop for
energy production, this change displaces corn from the marketplace and the corn could be
replaced by production elsewhere. Even though there may be more carbon sequestration
occurring on the production landscape (due to more carbon stored in root systems and soil
carbon pools), there is potential significant leakage and related emissions effects elsewhere,
particularly if forested or grassed lands are brought into crops.

e Storage and handling losses. Dedicated energy feedstocks generally need to be processed
before they can be used for energy, which can lead to low levels of decomposition or
physical feedstock losses. Additionally, because some energy crops have shorter rotations
and thus a seasonal nature, these feedstocks may need to be stored to provide a year-round
supply of energy. Therefore, energy crop biomass may experience more feedstock losses
than forest biomass, on average. Dry matter losses during storage inside buildings are
expected to be less than 5% (Collins et al,, 1997; Huhnke, 2006; Shinners et al., 2007).
Outside storage could lead to substantially greater losses because of the exposure to
weather and increased losses to pests.

3.3. Waste-derived Feedstocks

A critical difference between waste and other biologically based material is related to the
connection to the land providing the material. The biologically based material in waste is removed
from land for other certain end uses (e.g., for manufacture of consumer and industrial products
such as newspaper, food, and construction), after which it is disposed of. Given that the treatment
of waste itself does not drive the management of the growth and harvesting of biomass, it is more
difficult to quantify a connection between the consumption of waste-derived feedstocks at
stationary sources and the landscape from which the biogenic component of the feedstock was
originally produced.

The treatment of waste-derived feedstocks at a waste management system emits carbon as CO;
(and CH4) that would have otherwise been returned to the atmosphere as predominantly CO; from
natural decay of waste, regardless of the management or status of the land providing the biological
material. The human management of the waste materials affects only the timing or location of these
GHG emissions.

In addition to biogenic CO; emissions, waste management systems can emit large quantities of CHa
if they manage wastes under anaerobic conditions. Methodologies for estimating and accounting for
CH4 from waste management are available and widely used in many GHG accounting programs.
Many waste systems already account for CH4 using methodologies from the EPA Greenhouse Gas
Reporting Program (GHGRP). The decision to consider avoided CH4 emissions in an analysis should
be made in the context of the type of baseline that is most appropriate given the policy context.
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This framework considers the comparison of CO; emissions from waste management sources to the
biogenic CO.e emissions implications associated with decomposition of the same waste in other
types of managed systems. For example, an assessment of waste materials diverted from a landfill
to an incinerator for energy production could consider the biogenic CO2 emissions that occur at one
point in time (at the incinerator) against the avoided CO; and CH4 generated over decades through
decomposition in the landfill and also avoided carbon storage in the landfill (EPA, 2010b, 2013;
IPCC, 2006), or it could consider the biogenic CO; emissions against the CO; that would be emitted
through the natural decay of the original biomass.

Feedstocks listed here are those that would have been produced in the waste sector regardless of
any potential use for bioenergy production. In this way, they are not comparable to various residue
feedstocks listed elsewhere in this document.

3.3.1. Municipal Solid Waste (MSW)

MSW includes waste generated by residential, commercial, and institutional entities. It contains a
variety of biogenic materials, the composition of which varies by region, season, and long-term
trends in waste generation. The average national composition of MSW in 2011 was estimated by
EPA (2013) in Municipal Solid Waste Generation, Recycling, and Disposal in the United States
Detailed Tables and Figures for 2011. The biogenic fractions of MSW include paper, food waste,
yard waste, wood, diapers, natural fiber textiles, and natural rubber. MSW is defined slightly
differently by different states. Both the overall carbon content and the ratio of fossil carbon to
biogenic carbon of MSW vary widely. About one-third of MSW generated is recycled (including
composting). Of the MSW that is not recycled, about 80% of MSW is disposed of through landfilling,
and 20% of MSW is treated using combustion (EPA, 2013). Disposal of MSW in landfills causes
some of the biogenic materials to be converted to methane; well over half of the methane (CH4)
generated in U.S. MSW land(fills is captured for combustion (EPA, 2013).

e Time scale over which feedstock carbon sequestration and emissions occur: MSW waste
disposed of in a landfill will degrade slowly over one to several decades. Food waste
typically degrades more quickly than other MSW components like wood and paper wastes.
The time scale of MSW degradation is also affected by the climate, with faster degradation
occurring in moist, warm climates. It is generally estimated that half of the biogenic carbon
disposed of in an MSW landfill will not degrade and will remain sequestered in the landfill.
The time scale for composting MSW is on the order of 1 month. The time scale for MSW
combustion is very short, on the order of minutes.

e Alternate fate pathways: Landfill gas generated as a result of the degradation of MSW in a
landfill will generally contain about 50% methane and 50% CO; (by volume, dry basis). For
landfills with no gas collection system, this landfill gas will be emitted to the atmosphere.
For landfills with gas collection and combustion systems, a significant portion of the
methane in the landfill gas can be converted to CO; prior to release into the atmosphere.
Composting can be used as an alternative to MSW landfilling, particularly for food and yard
wastes. Degradation of MSW in composts is primarily aerobic, but methane emissions occur
as a result of anaerobic pockets that develop within the compost pile. Direct combustion of

November 2014 D-15



MSW is another alternate pathway; essentially all of the carbon in MSW is converted and
released as CO,

e Land use/land use management changes: Not applicable.

e Leakage: Not applicable.

e Storage and handling losses. Loss of MSW due to storage or transport of the MSW prior to
receipt at the centralized treatment location is not considered. For example, only that
portion of MSW as received at the landfill is considered in the methodology. All emissions
from “storage” of the waste at an MSW landfill are considered part of the emissions source,
whether the emissions are captured for combustion or uncaptured and released to the
atmosphere. Storage of the waste at an MSW combustor facility is assumed to have
negligible emissions because of the relatively short on-site storage times and is not
specifically considered in the methodology.

3.3.2. Animal Agriculture Wastes

Livestock manure, litter, and manure wastewater are typically treated in a manure management
system that stabilizes and/or stores wastes in one or more of the following system components:
uncovered anaerobic lagoons, liquid/slurry systems with and without covers (including but not
limited to ponds and tanks), storage pits, digesters, solid manure storage, dry lots (including
feedlots), high-rise houses for poultry production (poultry without litter), poultry production with
litter, deep bedding systems for cattle and swine, manure composting, and aerobic treatment units.
International convention considers all carbon in animal agriculture waste to be biogenic (IPCC,
2006). Decomposition of the manure can occur through anaerobic or aerobic decomposition. Some
manure management systems combust CH, from anaerobic treatment.

e Time scale over which feedstock carbon sequestration and emissions occur: Animal
agriculture waste degradation typically occurs over several weeks to several months.

e Alternate fate pathways: Animal agriculture waste degradation typically generates
predominately CO; (for aerobic systems) or a mixture of CO; and CH4 (for anaerobic,
facultative, or anoxic systems), depending on the type of manure management system used.
When anaerobic treatment systems are used, the CHs in the biogas can be collected and
combusted to CO;. For dry animal agriculture wastes, direct combustion of the manure is an
alternative treatment option, which will convert and release the biogenic carbon as CO>
emissions.

e Land use/land use management changes: Not applicable.

e Leakage: Not applicable.

e Storage and handling losses: Most manure treatment occurs on site, and the methodology
considers all emissions from the storage or treatment of the manure, whether the emissions
are captured for combustion or uncaptured and released to the atmosphere. When
centralized treatment is used, loss or degradation of animal agriculture wastes due to
storage or transport prior to receipt at the centralized treatment location is not specifically
considered; the methodology primarily considers only the quantity of waste as received at
the centralized treatment location. Storage of the manure prior to direct manure
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combustion is assumed to have negligible emissions due to the relatively short on-site
storage times and is not specifically considered in the methodology.

3.3.3. Wastewater

Wastewater is typically treated through processes that treat or remove pollutants and
contaminants, such as soluble organic matter, suspended solids, pathogenic organisms, and
chemical contaminants, from wastewater prior to its reuse or discharge from the facility. Sources
include municipal and industrial wastewater treatment facilities. International convention
considers all CO generated as a result of aerobic wastewater treatment to be biogenic (IPCC, 2006).
Some wastewater treatment facilities use anaerobic processes, which results in CHs emissions;
some facilities capture and combust CH,4 derived from anaerobic digestion.

e Time scale over which feedstock carbon sequestration and emissions occur: Wastewater
treatment processes degrade organic matter over a time scale of a few hours to a few days,
although some large surface impoundments can have residence times as long as several
months.

e Alternate fate pathways: Aerobic wastewater treatment processes convert the degradable
organic matter almost entirely to CO; anaerobic, wastewater treatment processes convert
approximately 50% or more of the organic carbon to CHs; and facultative or anoxic
wastewater treatment processes produce CO; predominately, but also produce appreciable
amounts of CH.. Gas generated in anaerobic wastewater treatment systems can be collected
and combusted to convert the CHs in the biogas to CO; prior to release into the atmosphere.

e Land use/land use management changes: Not applicable.

e Leakage: Not applicable.

e Storage and handling losses: Most wastewater treatment operations occur on site, and the
methodology considers all emissions from the storage or treatment of the wastewater,
whether the emissions are captured for combustion or uncaptured and released to the
atmosphere. When centralized treatment is used, loss or degradation of degradable carbon
in the wastewater due to storage or transport prior to receipt at the centralized treatment
location is not specifically considered; the methodology primarily considers only the
quantity of wastewater as received at the centralized treatment location.

4. Other Possible Feedstock Categories

4.1. Secondary Use Feedstocks

Secondary use feedstocks are feedstocks that leave the stationary source where the original
biogenic feedstock material is transformed into a product or by-product (i.e., primary stationary
source) that is used for energy production at a different stationary source (i.e., secondary stationary
source). For example, if a secondary stationary source chooses to use for energy an agriculture- or
forest-derived industrial processing product such as distillers grains or woody residuals from a
primary stationary source, the net biogenic emissions value (landscape and process attributes from
the original feedstock at the primary source) for the biogenic feedstock carbon of that material
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could be used at the secondary entity. Hypothetically, the same treatment could be used in the case
of energy products such as pellets or ethanol used for energy at a secondary stationary source.

Secondary use feedstocks could be addressed in many different ways, and different policy
applications of the framework may necessitate certain treatments. One consideration when
applying the framework in specific policy contexts is how to avoid possible instances of double-
counting landscape and process attribute values as they relate to biogenic materials used or
processed at the primary stationary source and transferred for use at a secondary stationary
source. For example, counting total biogenic feedstock attributes values at both the primary and
secondary stationary sources could result in double-counting these values. For a more detailed
example, see Appendix F. Evaluation of all the different possible policy treatments for secondary
feedstocks is outside the scope of this report.

4.2. Feedstock Imports and Exports

International feedstock production and the importation of those feedstocks can significantly affect
overall biogenic feedstock resource availability in the United States and demand pressures on those
resources. The pricing and flow of feedstocks and related commodities have the potential to
significantly affect domestic supply chains, and, conversely, U.S. biogenic feedstock production can
affect international commodity markets and land use activities. The framework could either include
or exclude international biogenic feedstocks, depending on policy requirements and international
agreements related to GHG emissions accounting. However, decisions as to the inclusion/exclusion
of international feedstocks and the treatment of such feedstocks if included would depend on the
specific application of the framework. The general framework description and illustrative examples
given in this report do not address the export of U.S. feedstocks or the import of feedstocks
produced abroad.

4.3. New, Unconventional, or Otherwise Unanticipated Feedstocks

The framework is designed to be flexible so it can be modified as needed to be applicable to nearly
all domestic biogenic feedstocks currently in use or under consideration for bioenergy production.
However, new and unconventional or otherwise unanticipated feedstocks may emerge over time.
Feedstock categorization in the framework should be broad enough that any feedstocks not already
included can fit into the predefined categories if possible and if not, new categories could be made.
The current feedstock categories are structured with this in mind, though some emerging
feedstocks (e.g., algae) will require additional parameters that could be added on an as-needed
basis.

For purposes of this report, biogenic feedstocks have been classified broadly into the feedstock
categories identified above based on the physical attributes those feedstocks possess. This
categorization does not represent a formal or legal definition, nor does it intend to replace any
existing legal definitions. For example, under existing regulations, certain feedstocks are already
regulated using specific definitions. Thus, although tire-derived fuel might fall under the waste-
derived feedstock categorization in the framework presented here because of its attributes relative
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to biogenic CO; accounting, it is classified as a fuel under other policy applications. The same might
be true for other feedstocks.
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6. Addendum: Spent Pulping Liquor—Overview of Processes
and Possible Alternate Fates

6.1. Joint Production of Industrial Products and By-products

Some industries may produce by-products useful for bioenergy generation in the process of making
their primary market products. For example, manufacturers may generate agricultural by-products
such as shells, husks, and cobs that have little or no market value and may be disposed of if not used
for energy. A second example is kraft pulp mills, which generate black liquor that is burned on site
to recover chemicals for reuse in the pulping process as well as to produce energy. Other than for
on-site use within the pulp mill (i.e., captive use within the mill), black liquor has no commercially
feasible alternative use. Unlike by-products in other industries, black liquor is not only limited in
commercially viable alternative uses, but it also has limited disposal options (Gaudreault et al.,
2012).

Forest products, in general, are characterized by a joint production function, because many
products can be produced from a single tree. Firms strive to optimize production to maximize the
amount of high-value products (e.g., saw lumber, paper) and minimize the amounts of low-value
products (e.g. black liquor). Although there is some responsiveness to relative price movements
(e.g., higher demand and prices for wood pellets may lead to an increased proportion of scrap going
to this use and a decreased proportion going to particleboard), the elasticity of transformation
between outputs may be very inelastic, and even with a negative price, some low-value products
would still necessarily be produced as a by-product of the production of high-value products (e.g.,
sawdust, black liquor).

When estimating the landscape biogenic emissions outcome from biomass production and usage,
the SAB Panel advocated the use of a future anticipated baseline approach that would capture
additionality—"i.e., the extent to which forest carbon stocks would have been growing or declining
over time in the absence of harvest for bioenergy.” Capturing additionality requires that the
framework model “a ‘business as usual’ scenario along some time scale and compare that carbon
trajectory with a scenario of increased demand for biomass” (Swackhamer and Khanna, 2011).
Because of the joint-production nature of the forest products industry, care needs to be taken in
how a “scenario of increased demand for biomass” is created.

In a partial equilibrium framework, there are different options for simulating an increase in
demand for a biogenic feedstock relative to a “business as usual” case. One option is to introduce
into, or shock, a model with X additional tons of production of a specific biogenic feedstock, which
will likely result in increased production of all the other products that are jointly produced with
that bioenergy feedstock. The landscape effects associated with increased production of the specific
biogenic feedstock would be conflated with the effects of the increased production of other jointly
produced products. Another option is to shock a model with an increased price for the specific
biogenic feedstock of interest (mechanically, this could be achieved in the model with a subsidy for
the specific feedstock). If the feedstock of interest is jointly produced as a by-product from the
production of other products, the increase in price for the specific feedstock is not likely to increase
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production of or increase procurement of raw materials to generate that by-products-based
biogenic feedstock. For black liquor, it would be expected that a model run that increased the
demand for and price of black liquor explicitly would result in very little change in forest harvest
and land use decisions, because even a large increase in the price for black liquor would have a
small impact on the value of the overall product mix.

For residues and materials diverted from the waste stream, the SAB Panel endorsed considering
their alternate fates (e.g., some forest residues may be burned if not used for bioenergy, waste-
derived materials might be otherwise landfilled) and information about decay (e.g., using decay
functions to evaluate ecosystem carbon storage in forest residues not burned for energy or
disposal). Furthermore, in the case of waste-derived materials, the SAB stated that “after calculating
decay rates and considering alternate fates, including avoided methane emissions, the agency may
wish to declare certain categories of feedstocks with relatively low impacts as having a very low
[biogenic accounting factor], or setting [biogenic accounting factors] equal to 0 or possibly negative
values in the case where methane emissions are avoided” (Swackhamer and Khanna, 2011). In
terms of net atmospheric contributions of biogenic COze* emissions, as shown in the following
sections of this addendum, it is more beneficial that black liquor is burned for on-site energy use
and chemical recovery because black liquor has no other commercially viable alternative uses and
no practical disposal options. It is also unlikely that changes in demand for or prices of black liquor
would lead to changes in land use, harvest, or forest management decisions because black liquor is
not produced for its value alone but is only produced as a by-products of manufacturing high-value
pulp for use in papermaking.

The purpose of this addendum is to provide background information on the chemical pulping
process leading to generation of black liquor and to explore hypothetical alternate fates of black
liquor in the context of biogenic COze accounting and avoided emissions. The information in this
appendix, including example calculations of alternate fate-related biogenic emissions, supports that
a 0 or negative assessment factor for black liquor may be reasonable. This finding is based on the
joint function production rationale presented above; the related expectation that there would not
be any perverse outcomes with respect to land use, harvest, or forest management decisions; and
an analysis of hypothetical potential alternate fates and related avoided emissions.

6.2. Overview of Pulping Processes

The pulp and paper industry consists of facilities that manufacture pulp and/or paper. Pulp is the
fibrous raw material for papermaking (Smook, 2002). Pulp is manufactured using either chemical
or non-chemical pulping processes. Paper can be manufactured at mills that also produce virgin
pulp or at mills that do not produce pulp but instead purchase pulp or use recycled fiber to
manufacture paper. Some mills produce only market pulp to sell to other mills and do not
manufacture paper.

4 This addendum generally uses CO»e in the context of biogenic emissions because both CO, and CH4 are
specifically discussed.
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Different processes are used for pulp production. Kraft pulping is by far the most common pulping
process used by plants in the U.S. for virgin fiber. The kraft pulping process produced
approximately 86% of all U.S. pulp tonnage in 2010. Non-chemical pulping processes are also used
in the U.S,, including mechanical pulping and secondary (recycled) fiber pulping. Non-chemical
processes do not produce spent pulping liquor. Approximate percentages of U.S. pulp production
for other processes in 2010 were sulfite pulping (1%), semi-chemical pulping (6%), and mechanical
pulping (8%) (RISI, 2011). Thus, the remainder of this addendum focuses on the kraft pulping
process.

Chemical (i.e., kraft, soda, and sulfite) pulping involves “cooking” of raw materials (e.g., wood chips)
using aqueous chemical solutions and elevated temperature and pressure to extract pulp fibers.
The kraft pulping process uses an alkaline cooking liquor (known as “white liquor”) of sodium
hydroxide (NaOH) and sodium sulfide (Na,S) to digest wood, while the similar soda process uses
only NaOH to digest the wood. The cooking liquor in the sulfite pulping process is an acidic mixture
of sulfurous acid (HSO3) and bisulfite ion (HSO3-). The bases used in cooking liquor preparation are
typically calcium, magnesium, and sodium. Semi-chemical pulping uses a combination of chemical
and mechanical (i.e., grinding) energy to extract pulp fibers. The chemical portion (e.g., cooking
liquors, process equipment) of the pulping process and pulp washing steps are very similar to kraft
and sulfite processes.

For economic and environmental reasons, chemical and semi-chemical pulp mills employ chemical
recovery processes to reclaim spent cooking chemicals. Typically, a combustion unit (e.g., recovery
furnace) is used to recover the cooking chemicals from spent cooking solutions (or liquors). Kraft
and soda mills have an additional chemical recovery process in which a lime kiln is used to
regenerate a portion of the chemical cooking solution. In addition to spent pulping liquor, other by-
products such as turpentine, soap, and tall oil may be produced during the kraft pulping process
and are typically sold commercially.

6.3. Generation of Pulp and Black Liquor

Wood is the predominant raw material used for pulp and papermaking in the U.S. Following wood
input procurement and handling operations, digestion of wood chips is the first step in kraft
pulping. As shown in Figure D-1, the kraft digester has two primary products: pulp and black liquor.
About half of the wood input to the kraft pulping process (digester) is dissolved into the solution of
spent pulping chemicals to form weak black liquor. The weak black liquor is separated from the
pulp by washing and is concentrated in evaporators and sent to the kraft recovery furnace where
inorganic pulping chemicals are recovered for reuse and dissolved organics (e.g., lignin) are burned
for fuel to make steam and electricity.
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Figure D-1. Products of the Kraft Mill Digester (Tran and Vakkilainnen, 2008).

The amount of wood input to the pulping process that becomes wood fiber in the digester is
referred to as pulp yield. The remainder of the wood can generally be assumed to partition to the
black liquor.

The yield of pulp (expressed as a percentage by weight on a moisture-free basis) obtained from a
given species of wood is influenced by the severity of the pulping process used. A yield figure of
50% means that 1 ton of dry wood yields 0.5 tons of dry pulp.5 Mechanical pulping processes have
yields of 90 to 95%, while chemical processes have yields of 40 to 55%, and semi-chemical
processes have yields of 50 to 80%. Typical pulp yields for the kraft process are 40 to 50% (Smook,
2002). The lowest yield is obtained from drastic chemical digestion that gives pulp consisting of
nearly pure cellulose fibers. The yield of pulp obtained by digesting wood also depends on the
chemical composition of the wood. Because the principal chemical components of the normal
roundwood of most species do not vary much in amount, the percentage yield of pulp obtained by a
given process does not vary greatly from one species to another. The chemical composition of
wood, and consequently the yield of chemical pulp, generally varies more between softwoods
(coniferous woods) and hardwoods (broadleaf woods) as classes than between the individual
woods within these classes (USDA, 1980).

Black liquor solids (BLS) refers to the dry weight of the solids in the black liquor that enters the
chemical recovery furnace. BLS contain the spent cooking chemicals (inorganics) and dissolved
organics. The BLS exiting the washer in the weak black liquor are sent for further processing in the
kraft recovery system, which regenerates the inorganic pulping chemicals, burns the dissolved
organics for energy production, and sometimes results in the recovery of other organic by-
products. Weak black liquor exiting the washing process typically contains 13 to 17% BLS (Smook,
2002). Weak black liquor is evaporated and concentrated to 65 to 80% solids prior to burning in
the recovery furnace.

A nominal value of 1.6 tons of BLS per air-dried short ton of pulp (ADTP) is often used to represent
BLS production, though this value ranges from approximately 1.3 to 1.9 ton BLS/ton pulp (1,300 to

> Note that commercial pulp production rates are usually referred to in “air dried” units, which are generally
considered to have a moisture content of 10%. “Moisture-free” or “bone-dried” mass refers to pulp or wood at 0%
moisture.
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1,900 kg solids/metric ton of pulp) (NCASI, 2011). The heating value of black liquor ranges from
5,400 to 6,600 btu/Ib BLS (NCASI, 2011).

The chemical composition of black liquor varies based on its solids content. The solids alone
comprise a complex mixture of both inorganic and organic constituents. The inorganic constituents
in black liquor are derived from the cooking liquor and comprise various sodium and sulfur
compounds, including NaOH, sodium sulfate (Na>SOs4, also known as “salt cake”), Na,S, sodium
thiosulfate (NazS,03), sodium carbonate (Na>CO3), and sodium chloride (NaCl). Collectively,
inorganic salts constitute between 18 and 25% of the solids in black liquor.

The organic compounds found in black liquor are derived from wood. They are either (1) natural
wood extractives (or their reaction products) that are released as a result of the pulping process or
(2) materials formed through the reactions of the pulping chemicals with the lignin or cellulose
components of wood. Therefore, the compounds can be classified as lignin derived, cellulose
derived, or extractives derived. Typical content ranges in kraft liquor are:

e Lignin derived (39 to 54%); primarily consisting of polyaromatic macromolecules with
lesser amounts of molecular weight alcohols, aldehydes, and simple phenolic compounds
such as phenol, p-methyl phenol, catechol, and guaiacol;

e C(Cellulose derived (25 to 35%); primarily a mixture of carboxylic acids such as formic, acetic,
glycolic, lactic, and glucoisosaccharinic; and

e Extractive derived (3 to 5%); primarily resin acids and fatty acids that are converted to salts
at the high pH of the mixture.

In sum, spent pulping liquor can have hundreds of constituents (AF&PA, 2001). The exact
composition depends on wood type, the concentration of the components in the white liquor used
to digest the wood chips, and the actual process parameters. Information on different estimates of
the elemental composition of black liquor is shown in Table D-2.

Table D-2. Elemental Composition of Black Liquor (Weight % of BLS).

Element TAPPI GA Tech EPA
(Clay, 2008) (IPST, Undated) (EPA, 1997)

Carbon, C 35 34-39 35.2
Hydrogen, H 3.3 3-5 3.6
Oxygen, O 35.7 33-38 35.2
Sodium, Na 19.7 17-25 19.2
Sulfur, S 4 3-7 4.8
Potassium, K 1.6 0.1-2 1.0
Chloride, Cl Unspecified 0.2-2 0.1
Nitrogen, N Unspecified 0.04-2 Unspecified
Others, including non-process <1 0.1-0.3 0.2
elements (Ca, Al Si, Fe)
Carbonate, CO3 8 Included in C and O above
Sulfate, SO4 3 Included in S and O above
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6.4. Biogenic COz Emissions from Kraft Black Liquor Chemical Recovery

To assess biogenic CO; emissions associated with the kraft pulping process, it is helpful to
understand how biogenic CO; emissions are currently estimated for kraft pulp mills. Carbon
originating in the wood input into the pulping process primarily apportions to the pulp product and
black liquor, as shown in Figure D-1 above.

The kraft chemical recovery process can be depicted by two interconnected loops, the sodium loop
and calcium loop, as shown in Figure D-2. In the kraft pulping and chemical recovery process,
biomass carbon from the wood is dissolved and either emitted as biomass CO; from the recovery
furnace or captured in sodium carbonate (Na;COs3) in the smelt discharged from the bottom of the
recovery furnace. In the process of converting the Na;COz into new pulping chemicals, this biogenic
carbon (i.e., the carbonate ion) is transferred to calcium carbonate (CaCOs). In the lime Kiln, the
CaCOsis converted to calcium oxide (i.e., CaO or lime, a material used in the chemical recovery
process) and biogenic CO», which is released to the atmosphere (EPA, 2009).

The Sodium Loop The Calcium Loop
Biomass
CO, Green Liquor e
a0
Na,S + Na,CO,
Recovery Furnace + Smelt
Dissolving Tank
Wood Organics + 0,3 C0O, Fo.ssil and
Na and $ Cpds.= Na,$ Slaker Blgg s
Na deS + COQ—) N32C03 CaO+H20 -3 Ca(OH)2 2
lr Lime Kiln
Causticizers + White Liquor Clarifier CaCO,=*Ca0 + COQT
Na,CO, + Ca(OH), = 2NaOH + CaCO,l Fossil fuel + 0,= Co,T
Lime Mud
CaCO,

Pulping Digester
NaOH + Na,S +wood chips =
Various Na and S Cpds, Pulp fibers,
and Dissolved Wood Material.

Figure D-2. Simplified Representation of the Kraft Pulping and Chemical Recovery System (EPA,
2009).

The majority of the wood-derived carbon within the black liquor either:

e Exits the pulping process as biogenic CO; emissions from the recovery furnace stack; or
e Reacts with sodium compounds to form Na;COs in the smelt that exits the bottom of the
recovery furnace as smelt.
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The carbonate in the smelt makes its way through the chemical recovery loop to the lime kiln
(becoming CaCOs3 along the way). In the lime kiln, the CaCOs3 is converted to Ca0, emitting the
biogenic CO; originating from the wood in the black liquor. The red text in the simplified diagram
below shows what happens to the wood-derived carbon (fossil CO; emissions from the recovery
furnace and lime kiln are not shown).

Biogenic CO:
Emissions from
wood burning

Recovery
» furnace
Black liquor (mix of
wood C and o
inorganics) Smelt contalnlng Naz(Z.Og Biogenic CO:
created by reaction with from conversion
the wood-burning CO2) of CaC03->Ca0
A 4

Chemical recovery Lime Kiln
(Naz2C03 >CaC0s) (CaC03>Ca0)

\ 4

Figure D-3. Simplified Diagram Showing How Biogenic CO, Emissions Are Emitted from Both Kraft
Recovery Furnace and Lime Kiln.

The emission factors used to estimate biogenic CO, emissions from the black liquor chemical
recovery process are based on the carbon content of black liquor and therefore account for biogenic
CO; emissions from both the recovery furnace and lime kiln. Thus, rather than depicting the
biogenic CO; accounting boundary around the recovery furnace as the sole biogenic CO, emissions
unit, it would be more consistent with the current biogenic CO, emissions estimation practice
(including that required under the U.S. EPA’s Greenhouse Gas Reporting Program) to consider the
biogenic CO; emissions unit as the entire pulping process.

Fossil-fuel-related CO; emissions are estimated separately for the recovery furnace and lime Kkiln.
The only other non-biogenic carbon introduced into the process is from carbonated makeup
chemicals, for which CO; emissions are estimated using a mass balance approach. Fossil-fuel and
makeup chemical CO; emissions estimates are independent of the biogenic CO, accounting method
presented in this report and need not be discussed further in this document.

6.5. Alternate Pathways for Black Liquor

Consideration of alternate fate pathways for black liquor (as opposed to reuse within the kraft
process) is purely hypothetical for U.S. mills because U.S. mills have taken steps to maximize
recovery of black liquor. If black liquor is not reused within the pulping process and instead is
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disposed of, disposal methods might involve incineration without the benefit of energy recovery or
discharge of the black liquor in liquid form (e.g., weak black liquor) into a wastewater treatment
system or lagoon. The benefits of recovering black liquor include:

e Energy value;

¢ Avoided cost of replacement chemicals, primarily equivalent saltcake;

e Reduction in biological oxygen demand load on the effluent treatment system; and

e Reduction in color and chemical oxygen demand (COD) discharge in the treated effluent
(EPA, 1997).

For many reasons U.S. mills have opted to use chemical recovery furnaces as opposed to disposing
of black liquor. Depending on its volume and concentration, if released into the environment, black
liquor can be odorous, toxic to aquatic life, and cause a dark caramel color in water (EPA, 1997).
Black liquor contains sulfur from the kraft pulping process, which results in malodorous total
reduced sulfur emissions detectable via olfactory senses in very low concentrations. Although the
cellulosic constituents in black liquor may be biodegradable, lignin is very difficult to biodegrade,
leaving a portion of the COD and much of the dark brown color to be discharged to receiving waters
following wastewater treatment. EPA has established Best Management Practice regulations to
protect the environment from the negative consequences of spent pulping liquor spills (40 CFR
430.03,430.28, and 430.58). These rules were promulgated in 1998 as part of the effluent
guidelines and standards for the pulp, paper, and paperboard source category (40 CFR Part 430)
developed under the Clean Water Act.

In the hypothetical alternate fate pathway examples below, equations from Appendix N of this
document were used to estimate emissions from treatment of black liquor sent for incineration
without energy recovery or wastewater treatment. The black liquor is the biogenic feedstock in this
example (as opposed to the wood input to the pulping process) because the black liquor (which is a
complex mixture of organic and inorganic chemicals) differs from the wood input to the pulping
process both chemically and physically and is generated within the pulping process. As explained in
Appendix N, the following terms can be dropped from the biogenic assessment factor (BAF)
equation when conducting an alternate fate analysis: Net feedstock growth on the production
landscape (GROW); total net change in production site non-feedstock carbon pools (SITETNC);
leakage associated with feedstock production (LEAK); the feedstock carbon losses during storage,
transport and processing (L); and the feedstock carbon embodied in products (P). As a result, the
assessment framework equation as applied to estimating biogenic CO; emissions from the alternate
fate of black liquor feedstocks can be simplified to:

BAF = AVOIDEMIT

AVOIDEMIT represents the avoided biogenic emissions that could have occurred per an alternative
management strategy instead of the feedstock’s use in bioenergy production, relative to the
feedstock’s use for bioenergy production. The AVOIDEMIT term, as applied to the black liquor
biogenic feedstock, is expressed as:

CO,e emissions from treatment alternative to combustion

AVOIDEMIT =1 —

CO, e emissions from combustion treatment
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The AVOIDEMIT term must be calculated for the specific feedstock being managed relative to a
specific, alternative practice. A positive AVOIDEMIT value implies that use of the feedstock for
bioenergy production contributes more emissions to the atmosphere than would have occurred
under the alternative management strategy. A 0 value implies that both practices are equivalent in
terms of how much emissions they contribute to the atmosphere. A negative value implies that
using the feedstock for bioenergy production contributes less emissions to the atmosphere than the
alternative management practice.

The COze emissions in the AVOIDEMIT equation above include both CO; and methane (CH4)
resulting from each feedstock management alternative. The following subsections present
calculations of COze emissions for the two hypothetical alternative management approaches.

6.5.1. Alternate Fate Scenario 1: Black Liquor Incineration without Energy Recovery

Table D-3 presents emission factors and calculated emissions for incineration of black liquor
normalized per ADMT of pulp produced. The emissions from incinerating black liquor without
energy recovery would be the same as the emissions from burning the material in a recovery
furnace. The inorganic chemicals in the smelt produced from burning the black liquor would
remain and could be recovered in either case. No emissions would be avoided by treating the black
liquor through incineration, and the stack emissions would be about the same as combustion
without energy recovery. Therefore, the resulting hypothetical example BAF is 0.

Table D-3. AVOIDEMIT for Scenario | Where Black Liquor Is Incinerated Without Energy Recovery.

Emissions Factors:

CO: 94.4 kg/MMBtu HHV (40 CFR 98, subpart AA)
CH4 0.0019 kg/MMBtu HHV (40 CFR 98, subpart AA)
Process Parameters:
1.6 Ton BLS/ADTP (NCASI, 2011)
0.9072 ADMT pulp/ADTP (conversion factor for metric tons: short tons)
1.8 Ton BLS/ADMT pulp (calculated)
6600 Btu/1b BLS based on NCASI, 2011 range of 5,400 to 6,600 Btu/Ib for BLS
13.2 MMBtu/ton BLS (calculated)
CO:2 2.20 Metric tons CO2/ADMT pulp (calculated)
CH4 4.42E-05 | Metric tons CH4/ADMT pulp (calculated)
CH+ GWP 25 (40 CFR 98, subpart AA)
COze 2.199 Metric tons CO2e/ADMT pulp if the black liquor is burned
AVOIDEMIT 2.199 Emissions from treatment alternative (incineration without energy
numerator recovery)
AVOIDEMIT 2.199 Emissions from burning black liquor for chemical and energy recovery,
denominator metric tons/ADMT pulp
BAF = 0 = 1- (emissions from treatment alternative) / (emissions from burning
AVOIDEMIT black liquor for chemical and energy recovery)
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6.5.2. Alternate Fate Scenario 2: Black Liquor Decomposition in a Wastewater
Treatment System

The equations related to CO; and CH4 emissions from wastewater treatment in Section 6.1 of
Appendix N were used to evaluate two hypothetical wastewater treatment scenarios for the
disposal of black liquor: (1) treatment in a deep anaerobic lagoon; and (2) treatment under aerobic
conditions. Under both alternate pathway conditions (anaerobic and aerobic), emissions from
treatment of black liquor as wastewater exceeded those from the current practice of burning black
liquor for chemical and energy recovery. The resulting hypothetical example BAF varied from
slightly negative (-0.09) to —-1.2 depending on the wastewater management method, indicating that
using the black liquor feedstock for bioenergy production contributes less biogenic emissions to the
atmosphere than the alternative wastewater management practice. Table D-4 presents the equation

terms and calculated values for avoided emissions from wastewater treatment.

Table D-4. AVOIDEMIT for Scenario 2 Where Black Liquor Is Disposed Through Wastewater

Treatment.

Anaerobic Deep

Aerated Treatment

Equation Term Description Process with Anoxic
Lagoon Treatment
Areas
Input Values
Qww Wastewater influent flow rate 9.7 m3/ADMT pulp?! 9.7 m3/ADMT pulp!
oD Oxygen demand of influent 92,700 mg/12 92,700 mg/12
EffOD Oxygen demand removal efficiency 0.753 0.753
of the biological treatment unit
MCFww CH4 correction factor (from 0.8 0.3
Appendix N, Table N-13)
BGcus4 Fraction of C as CH4 in generated 0.65 0.65
biogas (defaultis 0.65)
A Sludge biomass yield (from 0 0.45
Appendix N, Table N-13)
GWPchs Methane global warming potential 25 25
Calculated Values
COz2ww COz emission rate (metric tons 0.45 0.41
CO2/ADMT pulp)
CHaww CH4 emission rate (metric tons 0.18 0.036
CH4/ADMT pulp
CO2s COz emission rate (metric tons Not applicable 0.34
CO2/ADMT pulp) (A=0)
CHas CH4 emission rate (metric tons Not applicable 0.03
CH4/ADMT pulp (A=0)
AVOIDEMIT = COzww+COzs + 4.8 2.4
numerator (CHaww+CHas)*GWPch4
AVOIDEMIT Emissions from burning black liquor | 2.2 2.2
denominator for chemical and energy recovery,
metric tons/ADMT pulp
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Aerated Treatment

Anaerobic Deep

Equation Term Description Process with Anoxic
Lagoon Treatment
Areas
BAF = = 1- (emissions from treatment -1.2 -0.09
AVOIDEMIT alternative) / (emissions from

burning black liquor for chemical
and energy recovery)

1Based on typical industry parameters of 1.6 tons BLS/ADTP and assuming that weak black liquor is 15% solids (i.e. 0.15
ton BLS/ton liquor) with a density of 1.1 g/cm3. Thus: 9.7 m3/ADMT pulp = (1.6 tons BLS/ADTP) x (ADTP/0.9072 ADMT)
x (ton liquor/0.15 ton BLS) x (907185 g/ton liquor) x (cm3/1.1 g) x (m3/1003cm3)

2 Chemical oxygen demand for weak black liquor derived from pine (Yang, 2003).

3 Arelatively low oxygen demand removal efficiency of 75% was used considering the low biodegradability of the lignin
component in the wastewater stream.

6.5.3. Discussion

The two scenarios presented above illustrate that current black liquor management practices
(burning for energy and chemical recovery in a recovery furnace) result in the same or less
emissions than the hypothetical alternate fate for black liquor (disposal via incineration or
wastewater treatment). Black liquor is produced as a by-product from the pulping process and,
under current market conditions, has no commercially viable alternatives other than use for
chemical and energy recovery within the pulping process. Because black liquor is jointly produced
with other forest industry products (pulp production), black liquor management practices and
increased demand and/or price for black liquor are likely to result in no to little change in land use,
harvest, and forest management decisions. The avoided emissions associated with disposal of black
liquor as compared to the current management practice (burning for energy and chemical recovery
in a recovery furnace) resulted in hypothetical example BAFs ranging from different negative
values to 0, depending on the treatment method. Because of the joint production function rationale
as well as the hypothetical alternate fate example calculations conducted above, an estimated BAF
of 0 can be considered for black liquor and is consistent with the approach suggested by the SAB
Panel for materials diverted from the waste stream (Swackhamer and Khanna, 2011).
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Appendix E: Discussion of Leakage Literature

Table of Contents

P o U 0T UL Ui o) o U E-1
2. BACKEIOUINM ..ottt iseteesse e es et ss e s R s AR Rt E-2
3. Factors that Can Contribute t0 LEaKAZE ....cceeeernrirneesseessseessessseessssssessessssssesssesssessssessssesssssssssssssssessaees E-3
4. Overview Of Relevant LItErature ... ssssss s sssssssssssssssssssssssssssees E-6
4.1. Literature Research on LeaKage ... ssessssssssssssssssessesssssssssssssssssssssseses E-6
4.2.  Leakage Literature: AGriCUITUIE ... receseeessessees s sssess s sssssssssssessssssss s sssesssssssssseses E-7
4.3. Leakage Literature: FOreStIY SECTOT ..ot reeseieesseessesse et s s sssssessss s sssss s sssssssanes E-9
5. Examples of Leakage ANalYSIS .. eereiesesssesssssssssssssessssssssssssesssessssssssssssssssesssssssssssessssssssees E-10
5.1. Policy Analyses that Include LeaKage ... eessessssssssssesessssssessssssesssssssenns E-10
5.1.1. Renewable Fuel Standard ... sssssssssssssessss E-11
5.1.2.  CARB ANQALYSIS ci.cvirnierrirnnermiesnesssinsssnsssssssssss s ssssssssssssssssssssssssssssss s sssssssssesssssesssssssssssssssssssssssans E-11
5.1.3. EU RED ANALYSIS iuiiuriereurierereesseessessessessesssss s seesssssssssesssssssssssssssssssssssssssssssassssesssssssssssasasesssssnssans E-12

5.2. Treatment of Leakage in Existing Carbon Accounting Protocols.........eneneeneens E-12

6. SUITIIMIATY weurrrureersessesssessesssessssssessssssessassssassssssssessesssssasssssssssssssssssssessessassss s ssssssassss s ssssssessss st sessssssssanssansssnssns E-15
2 2] (53 1= 4 0= PPN E-15

1. Introduction

The purpose of this appendix is to review the literature that discusses greenhouse gas (GHG)
emissions leakage, which is an indirect source of biogenic CO; emissions associated with the
production, processing, and use of biogenic material at stationary sources. Specifically, this
appendix examines a range of studies that, using a variety of modeling approaches and scenario
designs, evaluate how and why leakage occurs. There is a particular focus on indirect land use
change (ILUC), which is an important form of leakage to consider when assessing biogenic CO>
emissions from stationary sources. This examination is intended to help identify important factors
that could be considered when assessing leakage and different methods that have been used to
calculate emissions leakage in other contexts. In the event that policy- or program-specific
applications of the framework necessitate calculations of leakage, the analysis here could inform
such a process. This appendix considers both international and domestic (interregional) leakage for
completeness.

Recognizing that leakage associated with bioenergy feedstock production can occur due to market
and land use change induced by displaced feedstock or feedstock substitute production, the
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framework equation presented in this report includes a leakage term.! However, a specific
quantification methodology recommendation is not provided in this report: the determination to
estimate and include leakage in applications of the framework, as well as the methods to calculate
it, will be policy- or program-specific.

The potential importance of leakage can vary across feedstocks and production circumstances. It is
important to recognize that biogenic assessment factor (BAF) results may differ considerably for
some feedstocks depending on treatment of leakage, but quantifying it is complex, as discussed in
the literature review below.

The remainder of this appendix discusses the primary factors that typically contribute to leakage,
provides an overview of relevant literature, and offers examples of different leakage analyses that
have been conducted in different policy contexts and with different goals, assumptions, and
parameters.

2. Background

Policies and programs typically have limited spheres of direct influence or scope and therefore may
result in changes in activities outside their scope that can contribute to the net impacts of the
action. Leakage is an indirect consequence of policies or behaviors that can and occur in many
different contexts. Leakage effects could be positive (e.g., benefits of local tourism extending beyond
the region or technological innovation spreading from one firm to others) or negative (e.g., reduced
deforestation in one region is at least partially offset by increased deforestation in other regions as
output prices rise). In the context of environmental policy, one of the key areas in which leakage has
been examined in recent years is displacement of GHG-emitting activities to areas and/or sectors
that are not covered by a policy, or program (Barker et al., 2007; Weber and Peters, 2009; Chen,
2009). There are different definitions of carbon leakage in the literature, but the International Panel
on Climate Change (IPCC) Special Report on Land Use, Land-Use Change, and Forestry defines
carbon leakage as “the indirect impact that a targeted LULUCF activity in a certain place at a certain
time has on carbon storage at another place or time” (IPCC, 2000).

In the context of the framework and its focus on biogenic carbon and CO2 emissions fluxes, leakage
represents any biogenic CO; flux changes outside of a biogenic feedstock production assessment
scope that can be attributed to the production activities (e.g., replacement of diverted crop,
livestock, or forest products on other lands due to a change in land use from conventional
commodity production to biogenic feedstock production for energy conversion).

If the assessment scope of the policy or program was global, then there would be no leakage
because all emissions would be inherently captured within the assessment scope. In practice,

' The LEAK term could be incorporated into the retrospective reference point and future anticipated baselines in
different ways. For further information on the retrospective reference point baseline, see Appendix H. For further
information on the future anticipated baseline, see Appendix J.

2 The framework could potentially be expanded to include additional GHGs as appropriate for a particular policy
application.
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however, project assessment scopes are typically more limited. In some cases, especially where
policies result in substantial price effects, there may be changes in activities and emissions that take
place outside the defined assessment scope. The reason is that activities in regulated
sectors/regions tend to shift to, or have influences on, sectors/regions outside the regulatory
and/or assessment framework, particularly if there is reduced product availability from the
regulated sectors/regions. In that case, there will tend to be price increases that will induce
expanded production in other related sectors and in other regions.

Although outside of a project’s direct control, emissions that are shifted to another location or
sector may have an important effect on the project’s net GHG benefits. One of the more important
sources of leakage for programs or policies affecting land use is the impact on carbon storage due to
shifting land use. Where land is changing uses due to these indirect pressures, this specific leakage
effect is commonly referred to as ILUC. Depending on the lands being converted and biogenic
material being produced, ILUC can cause net changes in GHG emissions or sequestration. Because
leakage from additional biogenic feedstock production can potentially be significant, the framework
in may need to consider including leakage for certain policy or program applications. Inclusion of
leakage estimates would account for changes in GHG emissions from ILUC or other sources of
leakage that occur outside of the biogenic feedstock production assessment scope.

3. Factors that Can Contribute to Leakage

In the general context of leakage related to GHG emissions globally, for example, as long as all
emissions sources are governed by the same rules, shifting emissions from one region to another is
perfectly acceptable and indeed represents a more economically efficient outcome (Murray, 2008).
If all regions are covered by the same policy or assessment system, no leakage would occur, because
all emissions would be accounted for (assuming full enforcement) (Murray, 2008). However, few
policies have a global scope, making leakage difficult to avoid. Whenever incentives for action differ
across potentially affected entities, there will be a tendency to shift activities that result in
emissions from more highly controlled entities to less controlled entities. In general, leakage can
erode net carbon reductions because “the spatial scale of intervention is inferior to the full scale of
the targeted problem” (Wunder, 2008, p.65).

The primary driver of leakage is economic—in globally integrated markets, increased demand for a
biogenic feedstock for energy within the assessment area may lead to increased production of that
type of biomass and/or other changes in land use patterns outside the assessment boundaries. This
is because increased demand for a biogenic feedstock for energy production triggers higher overall
demand for the biogenic feedstock, thereby leading to higher commodity prices for that feedstock
and its substitutes. These commodity price increases can lead to a succession of land-use changes to
produce more feedstock, including the conversion of forest and other high-carbon storage
ecosystems to lower carbon storage systems and the release of carbon stored in soils and
vegetation. However, depending on the feedstock and time frame considered, it is also possible for
positive leakage to occur. For instance, higher prices for forest biomass could lead landowners to
convert a large enough area of agricultural lands to forests that regional carbon stocks are
increased relative to baseline conditions.
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Leakage effects, including ILUC, can also occur when lands and/or biogenic materials previously
used for other purposes are instead diverted to biogenic feedstock production due to competition
and resource scarcity. However, the market demand for the original product still exists and with
higher commodity prices there is still an incentive for supply of the original product to approach
the original quantity demanded. This additional demand can be met through intensification of
existing lands producing the original product materials elsewhere or extensification, which means
bringing new lands into production.

Agricultural and forest commodities are frequently traded in markets that operate at a local,
regional, national, or global scale. As a result of this integration, changes in the supply and demand
of commodities in one part of the world may be translated into changes in market supply and
demand of the same and related commodities in other parts of the world. Policies targeting land use
for specific activities in one location can induce a broader reallocation of land use unless such shifts
are specifically and effectively restricted by the policy (e.g., Wu, 2000; Wear and Murray, 2004;
Murray, McCarl, and Lee, 2004).

Similarly, substitutability and competition with other biomass types may lead to production
changes beyond the assessment area because of potential product substitution (Latta et al., 2013).
Land can be used to produce a wide array of forestry and agricultural products. Land cover and
land use are expected to vary over time as land is allocated to activities that yield the highest net
present value based on information available when the land use allocation decision is made. In
addition, many forestry and agricultural commodities have other commodities that are at least
partially substitutable for them (e.g., livestock feed can be made using a variety of grains and
oilseeds, including corn, wheat, rye, barley, oats, soybeans, and others used in various combinations
that meet livestock nutritional requirements). As a result, commodity prices are generally
correlated due to adjustments taking place on both supply and demand sides as both buyers and
sellers adjust to changing relative prices. Thus, there may be an associated emissions shift from
assessed regions to unassessed regions due to land use change and other production-related
activities. Ignoring leakage can make emissions fluxes from biomass use appear larger or smaller
than they actually are, thereby potentially undercutting program objectives (Murray, 2008).

When these land-use transitions occur outside the assessment region, related GHG emissions fluxes
may not be accounted for. Some of the literature indicates that biogenic feedstock production
projects reduce GHG emissions to the atmosphere only if the net growth of harvesting of the
biomass for energy captures carbon above and beyond what would be sequestered anyway (i.e., if
sequestration is additional).3 In one study, foregone sequestration is considered the equivalent of
additional emissions, and when these emissions are associated with activities producing biomass,

3 “Additionality” is a criterion for assessing whether an activity has resulted in GHG emission reductions or
removals relative to what would have occurred in its absence. This is generally a more complex criteria for land-
based mitigation activities than for point-source or facility-based activities because of the inherent dispersed,
heterogeneous, dynamic, and systems-based aspects of agricultural and forestry production, but there are viable
strategies for addressing additionality in these sectors (Janzen et al., 2012).
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the author argues they should be included in GHG accounting associated with the biomass
production (Searchinger, 2008).

“Leakage potential can be high if no counteracting provisions are put in place” (Murray, 2008,

p. 10); and the economic forces driving leakage are interdependent and “difficult to restrain”
(Murray, 2008, p. 18). According to some studies, when considering leakage, estimates should
reflect the following elements: connectedness of output and land markets, mobility of labor and
capital, consumer flexibility, producer flexibility, availability of alternative lands for production, and
ability of producers to change their emissions profile without modifying production (Wunder,
2008; Henders and Ostwald, 2012).

The change in total cultivated land associated with a change in demand for bioenergy feedstocks
will depend on a number of parameters, but one of the most important factors is the land supply
elasticity. In cases where land supply is relatively elastic, there will be relatively large increases in
supply of a given land type when the returns to that type of land increase. Landowners will shift
their land cover and crop mixes to provide more of the commodities that are in greater demand. If
land supply is relatively inelastic, on the other hand, then there will be a smaller response to
changes in demand for individual commodities. The more competitive and integrated land markets
are across regions, the larger the extent of leakage expected when different regions face different
incentives to mitigate emissions. However, when considering leakage across regions, even when
considering only a single type of biomass, it should be noted that there is a difference between
shifts in production activity or area and net emissions. For example, even within the United States,
shifting forestry area from the Southeast (SE) to Pacific Northwest (PNW) would likely reduce net
carbon emissions, whereas the reverse would result in significant positive domestic leakage due to
the lower carbon density of SE forests (summing across carbon contained in aboveground biomass,
belowground biomass, deadwood, forest floor, and soil organic carbon) (Heath et al., 2011).

The elasticity of demand for conventional commodities must also be considered. In cases where
demand is inelastic, the quantity demanded will change by a smaller percentage than prices rise.
This inelastic behavior will result in a greater amount of leakage than in markets with more elastic
demand. Higher production costs resulting in lower production levels in regulated regions will
result in a great deal of shifting of production to regions unaffected or less affected by policies
because the overall market demand does not decline much in response to higher prices. When
demand is highly elastic, policy impacts that result in higher production costs and increased market
prices will result in less production moving to other regions because the equilibrium quantity
demanded will decline by a greater percentage than price increases. In addition to the own-price
elasticity of demand, cross-price elasticities of demand for substitutes and complements are also
important to consider. Not only will increases in the market prices of directly affected commodities
potentially lead to increased production of those commodities into less directly impacted regions,
but they will also impact production of complement and substitute commodities in other regions.
Another important point of consideration is that as demand for a commodity increases, producers
may intensify production practices (e.g., increase fertilization rates, use of irrigation, improved crop
varieties, and other yield enhancements) because higher output prices make it profitable to engage
in more intensive production practices requiring greater input expenditures. Achieving higher
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yields through intensification would limit direct and indirect land-use change (Searchinger, 2008)
but may lead to other GHG fluxes (e.g. increased N;0 emissions from higher levels of nitrogen
fertilization, higher CO; associated with greater fossil fuel use for irrigation). Thus, the net change
in GHG emissions would depend on the relative changes in emissions across all relevant pools and
intensification could either increase or decrease total emissions relative to extensification.

4. Overview of Relevant Literature

Although the concept of carbon emissions leakage in industrial sectors has been widely studied for
over 20 years, the focus on leakage in land-using sectors has been more recent. There have been
many studies of industrial carbon leakage ever since the United Nations Framework Convention on
Climate Change was established in 1992, identifying differentiated responsibilities for reducing
emissions, and the subsequent Kyoto Protocol was developed and agreed upon with emissions
limits specified only for a set of developed countries. There is also extensive literature on the
international trade and competitiveness under environmental policy going back to the 1980s,
although this literature on “pollution havens” was not typically focused on global pollutants and
often not explicitly focused on implications for total emissions as much as distributional impacts of
polluting industries’ potential relocation between states or countries.

Interest in leakage associated with land-using sectors has grown considerably in the last decade
with the development and implementation of bioenergy policies and international policy interest in
reducing emissions from deforestation and land degradation (REDD+). In this section, an overview
of the literature on leakage associated with land use and potential relevance is provided, followed
by brief sections summarizing some of the recent relevant literature focused on agriculture and
forestry applications.

4.1. Literature Research on Leakage

A full accounting for leakage associated with land use and related GHGs is very complex because of
the multiple affected markets, heterogeneity, dynamics, and numerous interactions. The literature
offers an incomplete picture of leakage magnitude and what can be done to minimize negative
leakage (Kim and Dale, 2011; Murray, 2008). Furthermore, the precise meaning of the term
“leakage,” both in terms of scale and scope, can fluctuate from study to study, making direct
comparisons difficult.* Finally, few studies mirror the feedstock sub-delineations used in the
framework report, thereby complicating evaluations of feedstock-specific applicability.

Because the primary bioenergy, REDD, and other forestry and agriculture policies of interest for
leakage assessment have typically been implemented relatively recently, time series data for
empirical analysis are limited. Typically, the policies being considered do not have direct historical
precedent and would result in new markets being created, which results in changes in market and

4 “Leakage” sometimes refers simply to indirect land-use change but can also be used along with carbon debt or
market price impacts. If GHG emissions from all regions are accounted for in a consistent manner and reflected
under a regulatory framework, then there could be indirect land-use change without carbon leakage (because any
changes in emissions associated with indirect land-use change have been reflected in GHG accounting).

November 2014 E-6



land use activities that fall outside past experience and limits the ability of statistical analyses of
existing data to explain future outcomes. Data limitations, along with the complexity of adequately
reflecting relevant factors influencing market outcomes and land dynamics, have resulted in there
being a limited empirical literature on leakage in land-based sectors. Absent empirical data from
representative case studies, leakage estimates have instead employed a variety of economic land
use models covering the agricultural, forestry and other land use sectors, such as, the Forest and
Agricultural Sector Optimization Model with Greenhouse Gases (FASOM-GHG), the Food and
Agricultural Policy Research Institute (FAPRI) model, and the Global Trade Analysis Project (GTAP)
general equilibrium model. These economic models vary widely in terms of model type, inputs, and
assumptions, as well as scope and scale in terms of output. In addition, many of the existing
economic land use models do not fully account for all GHG emissions associated with the market
activities being modeled. Therefore, in some applications, the changes in market activities and land
use simulated using the models have been combined with emissions factors available in models
such as the Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET)
model in order to estimate net changes in GHG emissions.

Such models can lend insights as to the possible directionality and/or general magnitude of leakage.
However, leakage affects multiple markets and regions simultaneously, thereby increasing the
complexity of model projections and making it difficult to isolate the causes and effects of market
and land-use shifts and related leakage. The results are largely case-specific, and depend greatly on
context and the assumptions of each particular study.

In countries where land use is highly regulated and controlled with few linkages to international
markets, it may be easier to estimate (and control) leakage. When land use change occurs in an
unplanned and unpredictable manner across numerous countries (e.g., indirect land-use change
caused by bioenergy development), detecting leakage is particularly difficult and involves many
different measurements and analyses to adequately represent and understand the land use and
emission dynamics. Many studies project multiple scenarios using many different assumptions as
sensitivity analyses to reflect parameter uncertainty. Because of this and the aforementioned
variability in how leakage is defined and measured, there is considerable inconsistency
surrounding leakage estimates (e.g., Plevin et al., 2010).

4.2. Leakage Literature: Agriculture

There has been a growing amount of attention and research effort devoted to the effects of policies
affecting the demand for agricultural commodities on land use change, particularly in the context of
increased demand for biofuels (e.g., ethanol and biomass-based diesel). Notably, EPA includes
estimates of land use change due to increased demand of specific biofuels (e.g., corn ethanol) as
part of the GHG accounting applied for Renewable Fuel Standard (RFS2) feedstock analyses (EPA,
2010), as described in more detail in Section 5.1.1. Partly because of the implementation of RFS2
and biofuels policies in the European Union, Brazil, and elsewhere in recent years, there has been a
great deal of interest in indirect land use change and leakage associated with bioenergy policies.

The existing literature assessing potential leakage magnitude from corn ethanol production shows
that estimates differ considerably across studies and within a study depending on underlying
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assumptions (Khanna et al.,, 2011; Khanna and Crago, 2012). Searchinger et al. (2008, 2009) and
Fargione et al. (2008) are frequently cited studies among the first to challenge the net benefits
associated with biofuels on the basis that indirect land use and GHG emissions from land use
conversion were not being fully captured and to quantify the impacts. For instance, Searchinger et
al. (2008) combines calculated changes in land use they estimate are necessary to meet required
increases in U.S. corn ethanol volumes with emission factors from the GREET lifecycle model to
project changes in net GHG emissions resulting from an increase in U.S. corn ethanol production.
Searchinger et al. (2008) calculated that a 56 billion liter increase in ethanol production would
divert corn from 12.8 million ha (hectares) of U.S. cropland. This would in turn bring 10.8 million ha
of additional land globally into cultivation, including 2.8 million ha in Brazil, 2.3 million ha in China
and India, and 2.2 million ha in the United States. The emissions associated with converting this
land represent leakage (aside from direct land use change for corn production in the United States),
but the true magnitude of the leakage depends on the nature of the land-use ch