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Abstract

Accounting for bioenergy’s carbon dioxide (CO,) emissions, as done under the Kyoto Protocol (KP) and Europe-
an Union (EU) Emissions Trading Scheme, fails to capture the full extent of these emissions. As a consequence,
other approaches have been suggested. Both the EU and United States already use value-chain approaches to
determine emissions due to biofuels — an approach quite different from that of the KP. Further, both the EU and
United States are engaged in consultation processes to determine how emissions connected with use of biomass
for heat and power will be handled under regulatory systems. The United States is considering whether CO,
emissions from biomass should be handled like fossil fuels. In this context, this article reviews and evaluates the
three basic bioenergy accounting options.

1 CO, emissions from bioenergy are not counted at the point of combustion. Instead emissions due to use of
biomass are accounted for in the land-use sector as carbon stock losses — a combustion factor (CoF) = 0
approach;

2 CO; emissions from bioenergy are accounted for in the energy sector — a CoF = 1 approach; and

3 End users account for all or a specified subset of CO, emissions, regardless of where geographically these
emissions occur — 0 < CoF < 1.

Following short descriptions of the basic options, this article discusses variations to these options and uses
numerical examples to illustrate the impacts of approaches at a local and international level. Finally, the alterna-
tive accounting systems are evaluated against general criteria and for impacts on selected stakeholder goals.
General criteria considered are: (a) comprehensiveness, (b) simplicity, and (c) scale independence. Stakeholder
goals reviewed are: (a) stimulation of rural economies, (b) food security, (c) GHG reductions, and (d) preserva-

tion of forests.
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Introduction

In contrast to fossil fuel carbon stocks, biomass carbon
stocks can be replenished relatively quickly by growing
new biomass to replace biomass combusted for bioenergy.
This is the basic reason why bioenergy can mitigate
climate change. However, as has been pointed out by
numerous authors, the current accounting system for
greenhouse gas (GHG) emissions in operation under the
Kyoto Protocol (KP) and EU Emissions Trading Scheme
(EU-ETS) fails to capture the full extent of emissions
caused by bioenergy. Consequently, nations and energy
producers with reporting obligations tend to use more
bioenergy than is justified by the amount of GHG emis-
sion reductions it achieves (Peters et al., 2009; Searchin-
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ger et al., 2009; Pingoud et al., 2010). This article poses
the question: would an alternative accounting system
lead to use of bioenergy more in line with the emission
reductions it achieves?

Under the KP accounting system, no carbon dioxide
(CO,) emissions are counted in the energy sector when
the biomass is combusted (zero emissions at point of
combustion). Measurements of changes in carbon stock
levels in the land-use sector are used as a proxy for
measurements of combustion emissions, and the results
from the land-use sector are reported in the accounting
system. While this approach will correctly account for
emissions if all nations report all carbon stock changes,
developing countries do not report under the KP. In
addition, some stock reductions are not reported in
nations that have not elected Article 3.4 (i.e., have cho-
sen not to include forest and agricultural management).
To the extent that carbon stock losses are not reported,
CO, emissions due to combustion of biomass will not
be accounted for at all under the KP approach, even if

© 2011 Blackwell Publishing Ltd
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the bioenergy is used in nations that have KP obliga-
tions.

Under both the KP and the EU-ETS, energy producers
have a powerful incentive to use biomass for energy
since they do not have to hold permits for these emis-
sions. There is also an incentive to source the biomass
from nations where changes in carbon stocks are not
counted or from forests not covered by management
reports. Bringing more nations and land-use sector
emissions into the accounting system would alleviate
this situation. However, there are other ways to bring
use of bioenergy more in line with the emission reduc-
tions it achieves. In particular, increasing the responsi-
bility of energy sector actors for bioenergy emissions
holds promise. This can be done either through 1-com-
busiton factor or end user responsibility. This article
reviews these two accounting approaches with current
EU and US consultation processes on regulatory options
for biomass used for heat and power underscoring the
timeliness of such a review.

Methodology

This article explains three different approaches to accounting
for emissions due to use of bioenergy that were described in
Bird et al. (2010). Diagrams, text, and a numerical example are
used to portray differences between the approaches. Following
the explanations, the alternative approaches are evaluated
against three general criteria. The evaluation builds on a land-
mark paper on accounting systems which recommended five
criteria: accuracy, simplicity, scale independence, precedence,
and incentives (Apps et al., 1997). Accuracy has been renamed
comprehensiveness over space and time to make clear the
importance of correct accounting in both dimensions. Scale-
independence is an issue because accounting systems may be
applied by entities within a nation as well as at national or sub-
national jurisdictional levels. We believe precedence was
selected due to its contribution to simplicity and therefore con-
sider it within simplicity. In this article, incentive issues are
considered to be outcomes of accounting systems. Therefore,
they are handled separately from the evaluation criteria. Incen-
tives are considered in connection with three stakeholder goals:
stimulation of rural economies, GHG reductions, and preserva-
tion of forests. These three goals can be used to represent a
wider range of reasons for pursuing bioenergy due to synergies
between seemingly disparate goals.

Explanations of different accounting systems

Figure 1 shows the physical flows of GHGs to and from the
atmosphere and the transfer of biomass (as carbon, C) from a
biomass producer to a consumer that occur when biomass
grown and used for energy. Variations of this diagram will be
used to illustrate where, in a particular approach, emissions are
accounted for. Three physical GHG flows occur in connection
with biomass production: CO, absorbed by plants, CO, oxi-
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Fig. 1 Physical greenhouse gas emissions and flows of carbon
in a bioenergy system.

dized by plants (both of which are shown as Bio-CO,), and fos-
sil-CO, and non-CO, emissions that occur during biomass
production. There are also GHG emissions connected with con-
version of biomass to a fuel and its transportation from the
point of production to an initial biofuel purchaser. In Fig. 1,
these are included in the producer’s emissions. The biofuel
purchaser, hereafter denoted as the consumer, has two streams:
CO, from the combustion of biomass (bioenergy CO,) and fos-
sil-CO, and non-CO, emissions from combustion and distribu-
tion to an end user.

Figures 2—4 illustrate three basic alternative philosophies
that form the basis of all the approaches to accounting for emis-
sions from use of bioenergy.

1 CO, emissions produced when biomass is burnt for energy
are not counted at the point of combustion. They are
accounted for in the land-use sector as carbon stock losses.
We term this a combustion factor = 0 approach (CoF = 0).

2 CO, emissions produced when biomass is burnt for energy
are accounted for in the energy sector. We term all such
approaches combustion factor = 1 approaches (CoF = 1). Here,
there are two variations; one in which uptake of CO, from
the atmosphere by plants and soils is also accounted for and
one in which these are not accounted.

3 End users are responsible for all or a specified subset of
emissions that occur along the bioenergy value chain. We
term these wvalue-chain approaches. These approaches can be
used to calculate a combustion factor between 0 and 1
(0 < CoF < 1.
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Fig. 2 Location of where the physical flows are theoretically
accounted for in a 0-combustion factor approach.
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Fig. 3 Location of where the physical flows are theoretically
accounted for in a 1-combustion factor approach.
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Fig. 4 Location of where the physical flows are theoretically
accounted for in a value-chain approach.

Combustion factor = 0 approachesIn a CoF =0, approach
emissions due to combustion of biomass are counted as carbon
stock losses in the land-use sector (see Fig. 2). In this approach,
emissions due to transport and conversion of biomass are
accounted for outside of the biomass accounting system, i.e., in
the fuel combustion or industrial process sectors as appropri-
ate.

The Intergovernmental Panel on Climate Change (IPCC)
methodology for calculating emissions from bioenergy, which
was adopted under the KP, is an example of a CoF =0
approach. The concept underlying this approach is that as long
as sufficient biomass grows to replace the combusted biomass
(Bio-CO, > Bioenergy CO,), bioenergy will not result in an
increase of CO, emissions to the atmosphere. Atmospheric CO,
increases only if harvesting exceeds growth. In this case, it is
assumed that the carbon stock losses will be registered in the
accounting system.

Combustion factor = 1 approachesThe CoF =1 accounting
approaches treat CO, emissions from biomass exactly the same
as emissions from fossil fuels. Emissions are accounted for in
energy sector. Bio-CO, (uptake of CO, from the atmosphere) is
counted by the producer. Emissions other than CO, resulting
from combusting the carbon in the biomass are accounted for
elsewhere in the system (Fig. 3). One can see that the location
of where the physical flows would be accounted for in a
CoF =1 approach reflects the actual physical GHG emissions
and flows of carbon (Fig. 1).

Value-chain approachesIn value-chain approaches, GHG emis-
sions and CO, removals that occur throughout all the produc-
tion, conversion, transportation, and consumption processes
are considered the responsibility of the consumer. Emissions
that are accounted elsewhere in the system in the 0- and 1-com-
bustion factor approaches (blue arrows) are included in the bio-
energy account, and all flows appear on the consumer side of
our schematic diagram (Fig. 4).

While sharing the life-cycle assessment (LCA) approach of
considering impacts throughout a product’s life, GHG emission
value chains only consider GHG emissions. By not considering
energy balances, process details, or other inputs or outputs,
they are considerably simpler than full LCAs.

Emissions along the value chain can be used to generate a
combustion factor between 0 and 1.! The atmospheric removals
and emissions over the full production-through-use cycle are
aggregated into a single number, percent or ratio. For example,
if Bio-CO, equals 40 tonnes carbon (tC) removed from the
atmosphere while 100 tC is emitted along the value chain, a
factor of 0.6 could be applied at the point of combustion.

Value-chain approaches are prone to double counting. If the
nation where biomass is produced accounts for GHG emissions
throughout its economy, carbon stock losses and emissions due
to fertilizer use, harvesting, processing, and domestic transpor-
tation emissions will already be counted in the respective sec-
tors. If these emissions are then also included in value-chain
accounts of entities using bioenergy, they would be counted
twice. A system designed to avoid this problem is described
below.

Variations to CoF = 1 and value-chain approaches

Two options under CoF = 1 approaches are referred to hear as
‘Tailpipe’ and ‘Point of Uptake and Release’ (POUR). Under a
Tailpipe approach, the flow of CO, to the atmosphere from the
combustion of biomass is counted so that emissions from bio-
energy are treated in the same way as emissions from fossil
fuels. Carbon stock changes are not measured in determining
the impact of use of biomass for energy. However, if carbon
stock reductions occur and are counted, this results in double
counting.

The POUR approach avoids this potential for double count-
ing while using a CoF =1 approach. Under POUR, the total
net CO, uptake by plants from the atmosphere is counted as
negative emissions in the national report. Total net uptake
includes carbon stock changes in the landscape plus carbon
removed from the landscape, i.e., carbon embodied in biomass
removed from the landscape for all purposes since this carbon
also represents CO, removed from the atmosphere. The nega-
tive emissions counted for carbon in biomass combusted cancel
out the positive combustion emissions, thus avoiding double
counting.

Theoretically factors outside the 0-1 range could result from a
value-chain approach. However, it is assumed that if the factor
were greater than 1, it is no likely that the biomass would be
used for energy. Factors lower than 0 will only emerge if, after
combustion, the CO; is sequestered, which would not influence
the factor that would be used at the point of combustion.

© 2011 Blackwell Publishing Ltd, GCB Bioenergy, 4, 576-587
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In order for POUR to operate as described above where the
producer nation does not account for its GHG emissions, a
mechanism is needed to grant credits for net carbon uptake in
such countries and enable credit transfer — presumably through
entitling sales and purchases — to nations or entities with
accounting obligations. Failing such a mechanism POUR col-
lapses to Tailpipe where producing nations do not participate
in the accounting system.

EU Renewable Energy Directive (EU RED) (European Union,
2009) and US Renewable Fuels Standard (US RFS2) (Federal
Register, 2010) approaches include such restrictions use value-
chain approaches to biofuels. Emissions along a biofuel’s value
chain are calculated to determine whether its emissions are suf-
ficiently below those of fossil-fuel alternatives to qualify for use
under a mandate. In addition to these calculations, both sys-
tems restrict sources or types of biomass, primarily in an
attempt to avoid situations where substantial reductions in for-
est carbon occur to produce biomass for biofuels. In neither
case is a combustion factor derived for application at the point
of combustion.

In contrast to these systems, DeCicco (2009) proposes use of
value-chain emissions to calculate an emission factor. Under
this system, credits based on atmospheric removals are allo-
cated to the biomass producer. After subtracting emissions due
to cultivation — e.g. from fertilizer use — credits remaining are
passed on to the processor. Credits remaining after subtraction
of process emissions are passed on to a fuel distributor. All
fuels are subject to a 1-combustion factor except insofar as net
value chain credits support a lower factor.

A numerical example

In the example, a producer (nation, region, or individual) pro-
duces 83 200 t of wood pellets that are shipped to the con-
sumer, who uses them to produce 1.0 PJ of electricity.? The
calculation is limited to the emissions for this activity only
(wood — pellets — electricity) in that occur the year of produc-
tion only. There are emissions along the entire value chain
because the wood must be harvested, dried, pelletised, and
transported to the consumer before combustion. In the exam-
ple, it is assumed that the pellets are shipped from the pro-
ducer to the consumer by sea and that the consumer’s facility
is on the coast. Values for harvesting, processing and transpor-
tation emissions are based on values for pellets produced in
Canada and shipped to Sweden (Magelli ef al., 2009). As it is
assumed that the consumer’s facility is on the coast, no trans-
portation emissions are allotted to the consumer.

The biomass is assumed to come from a forest that has been
sustainably managed for multiple decades (the average harvest
level is less than the net annual increment). To meet increased
demand for bioenergy, the rotation length is shortened (fre-
quency of harvest increases), which results in a period of time
when the harvest exceeds the net annual increment. After this
time, the management returns to a sustainable management
regime although with a shorter harvest rotation. In the exam-

The electricity generation has an assumed 65% efficiency, and
the energy content of the wood is 18 GJ Mg™".
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ple, the amount harvested (87 537 Mg — the amount of biomass
required to make the wood pellets) exceeds forest growth (i.e.
80 803 Mg).3 In addition, 5% of the harvested biomass (e.g. har-
vesting residue left in the forest) is not shipped to the con-
sumer. For simplicity in accounting for GHG emissions, we
assume that this residue is burnt, for example, by the local pop-
ulation for heating and cooking. The net photosynthesis is cal-
culated as the stock change plus the amount of biomass
removed.

Table 1 illustrates the total emissions in any given year that
will be counted, as well as which emissions are counted by
each party, under the above options. It is assumed that the con-
sumer is in a nation with GHG accounting obligations but the
producer may or may not be.

The row ‘Producer total’ indicates the total GHG emissions
that will be counted in a Producer nation if the nation has an
accounting obligation. ‘Consumer total’ shows the total GHG
emissions that will be counted if only the consumer is in a
nation with GHG obligations. ‘Global total” indicates the GHG
emissions that will be accounted for if both producer and con-
sumer have GHG obligations.

Under the KP net photosynthesis is ignored. The producer
accounts for the stock loss, harvesting emissions and transpor-
tation of the pellets to the coast if it has an accounting obliga-
tion. However, if the producer is in a nation without
accounting obligations (non-Annex-I country or Annex-I coun-
try that has not opted to report under Article 3.4), none of this
will be accounted for. As shown in the final row, in this case
no emissions will be counted since the consumer nation does
not account for emissions when it combusts the biomass.

Under a Tailpipe approach, neither photosynthesis nor car-
bon stock changes are counted. As a result, if only the con-
sumer accounts, over 152.000 megagrams of CO, (Mg CO,) will
be reported, over twice the actual emissions of close to 72.500
Mg COs. If both producer and consumer report, total emissions
accounted will be even higher.

In POUR the producer records an estimate of net photosyn-
thesis within its bioenergy account if it is in a nation with
accounting obligations. Emissions due to harvesting, process-
ing, and domestic transport will be reported elsewhere in his
or her account. Taken together with the net photosynthesis, the
producer would have net removals from the atmosphere (a net
sink) of some 115103 Mg CO,. The consumer reports
152 460 Mg CO, for a combined report of 37 347 Mg CO,. In
this case, the only emissions not reported are those due to
international transportation.

Where the producer does not have a reporting obligation,
POUR reverts to Tailpipe. However, a primary motivation for
moving to a POUR approach is to insure that carbon stock
losses are accounted for without unduly discouraging use of
bioenergy. To accomplish this, it is envisioned that a mecha-
nism would be established to transfer net sequestration credits
from any producer nation to nations with GHG reporting obli-
gations. The prospect of receiving credits may serve to entice
producing nations to participate in the system, with attendant

31t is for this reason that the emissions from wood consumption
(152 460 t CO,) are more that the removals from forest growth
(148 139 t COy).
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Table 1 Numerical example: reporting under different accounting approaches (Mg CO,). There are two values in the global total

under value chain to indicate the effect of double counting if both producer and consumer nation report emissions in producing

nation. na, not applicable; in cons., in consumer account

Producer component Actual KP Tailpipe POUR Value chain DeCicco
Net photosynthesis —148 139 —148 139 in cons. in cons.
Stock change 12 345 na na na na
Harvesting and processing

Collection and processing 22 540 22 540 22 540 22 540 in cons. 22 540

Process waste (burnt) 8024 8024 8024 in cons. 8024

Subtotal 30 564 22 540 30 564 30 564 30 564
Transportation

Transportation 2473 2473 2473 2473 in cons. 2473

Producer total —115 103 37 357 33 037 —115 103 0 33 037
Consumer component

Wood consumption 152 460 0 152 460 152 460 72 488
Consumer total 152 460 0 152 460 152 460 72 488 39 452
Other components

International transportation 35 131 na na na in cons. in cons.
Global total 72 488 37 357 185 497 37 357 72 488 or 105 525 72 488
Global total if producer does not participate 0 152 460 152 460 72 488 72 488

Bold values are totals for a sector.

responsibilities to track net removals and carbon stock changes
across their land-use sectors.

Value-chain approaches transfer responsibility for all emis-
sions to the user (consumer). Full emissions, including those
due to international transportation, are thus reported regard-
less of whether a producer nation has a GHG obligation. A
nonsophisticated value-chain approach (column 6) can lead to
double counting if both the consumer and producer report har-
vesting, processing, and transportation emissions in the pro-
ducing nation. In this case, more emissions are reported
(105 525 Mg CO,) than actually occur. In the more sophisti-
cated system shown in column 7, this does not occur. In this
system, the correct emissions will be reported regardless of
whether the producer nation has a reporting obligation. If it
does, that nation will report 33 037 Mg CO, and the consumer
will report 39 452 Mg CO.. If the producer does not report, the
consumer will report the full 72 488 Mg CO, that arise in the
example.

The criteria

This article evaluates the alternative accounting systems using
three criteria: comprehensiveness over space and time, simplic-
ity, and scale-independence. Comprehensiveness over space
and accuracy in time is a measure of environmental integrity
and is here used to refer to the degree to which an accounting
system counts emissions once and only once.

Following Einstein’s dictum, it is always preferable to use a
system that is ‘as simple as possible, but no simpler’. Simplicity
is a main reason that CoF =0 factor approach was recom-
mended and selected. The approach requires only the measure-
ment of carbon stock changes, for which there is considerable
experience from forest inventories. However, under real-world

conditions — i.e., the fact that many nations do not report under
the KP — this approach may be ‘simpler than possible’ given
the importance of achieving reasonable coverage over space.

Scale-independence encompasses not only the ability for a
system to be used at varies scales but also the compatibility of
results when this is done. Scale-independence is important
because accounting systems may be used not only at the
national level but also at sectoral levels and by entities subject
to GHG limitations. Scale-independence is particularly chal-
lenging in cases where measurements of forest-carbon stock
change form part of the system because such measurements
give very different results at different scales. For instance,
whereas annual forest regrowth at the national or landscape
level can exceed or fully compensate for removals for bioener-
gy, this cannot happen at the stand level within an accounting
period. Consequently, while a nation might report no net emis-
sions due to use of bioenergy, an entity whose biomass came
from a particular forest might report emissions.

Incentives evaluation

This article evaluates accounting approaches from the perspec-
tive of their impact on three goals that generally are pursued in
conjunction with use of bioenergy: increase energy security,
stimulate rural economies, or reduce GHG emissions. Food
security is an issue for many nations, and stakeholders may also
be interested in preserving forests and maintaining habitat and
other environmental services, including in the context of reduc-
ing vulnerability to climate change. While some goals are gener-
ally mutually supportive or operate jointly, other goals tend to
compete with one another. Goals that tend to operate jointly are
food security, energy security, and stimulation of rural econo-
mies. These goals are thus handled together in this article.

© 2011 Blackwell Publishing Ltd, GCB Bioenergy, 4, 576-587



ZERO, ONE OR IN BETWEEN: ALTERNATIVE ACCOUNTING FOR BIOENERGY 581

Promotion of these goals generally seems to threaten preser-
vation of forests and linked environmental services. For exam-
ple, in absence of an increase in crop yield, use of biomass for
energy may reduce biomass available for food and cause an
expansion of cropland into forests. Therefore, preservation of
forests is handled separately. Use of bioenergy to achieve GHG
goals tends to threaten both food security and forest preserva-
tion, while working jointly with energy security and stimula-
tion of rural economies. For these reasons, it also is treated
separately.

Results

This section first looks at the impacts of the various sys-
tems on afforestation, deforestation, and emissions glob-
ally. Following this, the approaches are evaluated
against the three criteria and then in regard to their
impacts on national and stakeholder goals.

Global implications

To illustrate the global implications of the different
accounting options, we will use an estimate of the glo-
bal afforestation, deforestation and forest management
and emissions that result from the GLOBIOM model
(Havlik et al., 2011). GLOBIOM provides estimates of
land-use competition between the major land-based
production sectors and assesses the land-use change
(LUC) impacts of biofuel production scenarios in terms
of afforestation and deforestation. This study developed
the LUC events for four future scenarios of biofuel pro-
duction using a partial equilibrium economic model.
The four biofuel scenarios are as follows:

a. No biofuels are produced

b. Baseline (60% of biofuels that are produced are first
generation and 40% are second generation);

c. Only first generation biofuels are produced; and

d. Only second-generation biofuels are produced.

As well, for the second-generation biofuels, three
options were evaluated. Second-generation biofuels are
created from short rotation forestry on:

i agricultural land;
ii marginal land; or from
iii existing forest lands.

Havlik et al. (2011) estimated the CO, emissions from
LUC for the live biomass only assuming that agricultural
practices do not have an impact on soil carbon emis-
sions, and in the case of deforestation, the total carbon
contained in above and below ground living biomass is
emitted.

For the purposes of this article, we will focus on their
results from the baseline scenario with the option that

© 2011 Blackwell Publishing Ltd, GCB Bioenergy, 4, 576-587

the biomass for second-generation biofuels comes from
existing agricultural land. To the emissions from LUC,
we add the emissions due to changes in dead wood lit-
ter and soil organic carbon. These emissions/removals
are calculated as the difference of carbon stock in each
of the three pools, before and after conversion. The
assessment has been made based on default values pro-
vided in the 2006 IPCC Guidelines (IPCC, 2006). Default
values are provided for carbon stocks in each pool and
for each land use. The calculations are done at the regio-
nal level for eleven regions (Central-East Europe, For-
mer Soviet Union, Latin America, Mid-East and North
Africa, North America, Other Pacific Asia, Pacific
OECD, Planned Asia-China, South Asia, sub-Saharan
Africa, Western Europe).

Afforestation considers only conversion to short rota-
tion plantations, whereas deforestation is the conversion
of natural or managed forests to other land uses, such
as cropland and grassland. It is assumed that changes
in the litter and dead wood pool occur only with defor-
estation, whereas no change is assumed in the other
cases. A carbon loss equal to the amount of carbon in
the litter and deadwood is accounted for when a forest
is cut and converted to cropland or grassland. This
assumption is based on an IPCC Tier 1 approach, which
considers no accumulation of litter and deadwood in
cropland and grassland. Therefore, deforestation pro-
duces a loss of carbon in these two pools. Initial values
of litter and deadwood carbon in forests were derived
from table 2.2 of the 2006 IPCC Good Practice Guidance
(IPCC, 2006) and table 4.2.2 of the 2003 IPCC Guidelines
(IPCC, 2003). Regarding afforestation, the data only
include conversions to short rotation plantations which
accumulate very little litter and deadwood compared to
cropland or grassland. Due to this reason, we conserva-
tively assumed that no carbon is accumulated in litter
and deadwood when land is converted to short rotation
plantations. The emissions/removals in soil are calcu-
lated based on equation 2.25 and default factors in the
2006 IPCC Guidelines. According to this method, the
carbon stock in the soil, under a specific land use, is cal-
culated by first selecting a so-called reference soil car-
bon stock (SOCREEF, table 3.3, IPCC, 2006). The SOCREF
represents the carbon stock in reference conditions, i.e.
native vegetation that is not degraded or improved. The
SOCREEF is the value that we used as soil carbon stock
in Forestland. For other land uses, the soil carbon stock
is calculated by multiplying the SOCREF for default fac-
tors that are specific for each land use, land manage-
ment and level of organic inputs (tables 5.5, 5.10, and
6.2, IPCC, 2006). Default SOCREF values were chosen
among the figures reported for high activity clay soils
which include most of the existing soil types.
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Finally ,we include estimates of the GHG emissions
from the cultivation, processing, transport and distribu-
tion of biofuels, the non-LUC components (to the emis-
sions due to LUC. For example, if corn is transformed
into ethanol, then the non-LUC components are the
emissions for using machinery to plow the land, trans-
port the biomass to the ethanol plant, and distribute the
ethanol to the consumer. As well, there are emissions
from the use of inorganic nitrogen-based fertilizers that
must be included. These emissions are usually included
in a LCA of the impacts of biofuels. The emission fac-
tors are listed in Table 2. See Bird et al. (2011) for a com-
plete discussion of the calculation methodology.

Figure 5 shows graphically the cumulative emissions
from biofuels to 2030 by region under different account-
ing systems. It shows that under the IPCC accounting
system (unmodified CoF = 0), consuming regions (CPA,
NAM, SAS, and WEU) benefit greatly and will claim an
emission reduction. On the other hand, Latin America,
the modeled main producer, is burdened with a large
amount of emissions under the IPCC approach.
Using POUR accounting, Latin America still has large
emissions, but it does not underwrite the emission
reductions of the consuming regions. Since there is so
large a swing in emissions, it is clear that if POUR is
adopted, then emission targets would need to be com-
pletely renegotiated.

Evaluations against criteria

Comprehensiveness over space and time. Under conditions
in which carbon stock reductions in developing coun-
tries are not accounted for within a GHG limitation
regime, the CoF = 0 approach rates poorly in terms of
comprehensiveness over space. Emissions at the point
of combustion of biomass are not counted anywhere in
the world, and emissions due to carbon stock reductions
are counted only in nations that have accepted GHG
limitations under the KP.

CoF =1 approaches are significantly more compre-
hensive than unmodified CoF =0 approaches. If the
biomass producing nation does not participate in
accounting, uncounted emissions include those from
oxidation of biomass left in forests, soil carbon losses,
and decay of biomass that was harvested but not con-
verted for use for bioenergy. These are much smaller
than emissions that fail to be counted under the same
circumstances under an unmodified CoF = 0 approach.

However, if net atmospheric uptake of CO, by the
land sector in a producer nation is not counted, accu-
racy will not be achieved. The inaccuracy will be one of
over-counting, rather than under-counting emissions,
except where drainage of wetlands occurs. In this case,
both Tailpipe and POUR may underestimate emissions.

As noted earlier, without a mechanism to grant and
transfer credits for net atmospheric uptake, POUR
reverts to Tailpipe, removing the motivation to use
POUR. With such a mechanism accounting will be accu-
rate over both time and space to the extent that credits
are transferred to entities with obligations.

The comprehensiveness of value-chain approaches is
different than for the CoF = 0 or 1 approaches. On the
one hand, such systems tend to be quite comprehensive
because they include in the bioenergy account emissions
not included in the other approaches, e.g., emissions
due to biomass cultivation, its conversion to an energy
product, and its transportation to users. However, the
spatial coverage of the EU RED is not high. First, it does
not include emissions on land that does not change its
status. This approach is prone to spatial omissions
because, for instance, a forest might move from 80% tree
coverage to 50% tree coverage while still remaining its
forest status. The US RFS2 approach is not prone to
these omissions because wood, except for residues and
precommercial thinnings, can only come from natural
forests threatened by fire. Second, the EU RED does not
include emissions due to indirect land-use change
(iLUC), and its attempt to manage these through an
incentive mechanism is unlikely to be successful(Lange,
2011). The US RFS2 has attempted to include iLUC by
using modeling to estimate the amount associated with
each biomass-conversion combinations, e.g., ethanol
from corn and ethanol from sugar cane. To the degree

Table 2 Emission factors for life-cycle emissions from biofu-
els. Emissions do not include combustion or land-use change.
Ranges are taken from the range reported in various life-cycle
assessment studies. The variation may be caused by differences
in system boundaries, cultivation practices and crop yields, use
of co-products, allocation of emissions to co-products, etc. For
more information, see Cherubini et al. (2009)

Emissions
(g CO,
Fuel eqMJ™))  Range (%) Source
Biodiesel, palm 54.0 +35 European Union
(2009)
Biodiesel, rape 46.0 +35 European Union
(2009)
Biodiesel, soy 50.0 +35 European Union
(2009)
Biodiesel, wood, 4.0 +57 European Union
farmed (2009)
Ethanol, cane 24.0 +20 European Union
(2009)
Ethanol, corn 37.0 +30 European Union
(2009)
Ethanol, wood, 6.0 +33 European Union
farmed (2009)
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Cumulative emissions from biofuels to 2030

by region under different accounting systems
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Fig. 5 Cumulative emissions due to biofuels to 2030 by region
under different accounting systems. Abbreviations: AFR, sub-
Saharan Africa; CPA, centrally planned Asia; EEU, Central and
Eastern Europe; FSU, Former Soviet Union; LAM, Latin Ameri-
ca; MEA, Middle East and North Africa; NAM, North America;
PAOQO, Pacific OECD; PAS, other Pacific Asia; SAS, South Asia;
WEU, Western Europe. Calculations are made by the authors
but are based on data from Havlik et al. (2011). Please see the
body of this article for details of the calculations.

that such modeling is accurate, its spatial coverage
should be high.

The EU RED due to its focus on biofuels and the like-
lihood they come from annual crops has not addressed
issues of timing. The US RFS2 attempts to achieve a rea-
sonable degree of accuracy of timing through its restric-
tions to annual crops, residues and wood from
plantations established as of 2007 and areas at high risk
of fire. How well this will function will only be clear
once significant amounts of woody biomass are used for
biofuels.

Simplicity. The tailpipe system is probably the simplest
of all approaches, requiring only that bioenergy emis-
sions or the amount of biomass consumed for bioener-
gy be measured and converted to CO,. Due to the
overestimation that occurs, however, it is unlikely to be
adopted. A POUR approach has better chances of adop-
tion but is more complicated. Under the real-world
circumstances of partial adoption of GHG limitation
obligations, however, a POUR-type approach may be
‘as simple as possible’ as it ensures that emissions due
to combustion of biomass in nations with GHG obliga-
tions are counted even if attendant stock reductions are
not.

Point of Uptake and Release requires measuring car-
bon stock changes and reporting amount of biomass
removed from the landscape in the producing nation
plus measuring bioenergy combustion emissions in the
consumer nation. The approach will raise challenges
when applied to products that can be used either for
food, feed, or fuel. As there is no suggestion to date
that emissions due to human food consumption be
included in GHG obligations, carbon stock changes
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due to production of, e.g., oils, sugar crops, and grains
used for food would need to be separated out from
carbon stock changes due to production for feeds,
energy, or other products whose emissions will be
counted where and when they occur. An additional
complication is that since use of oils or grains may
only be determined in the consuming nation, it will be
necessary to track origin of dual-purpose biomass. This
is necessary under POUR to determine the amount of
carbon from a producing country embodied in nonfood
products.

Value-chain approaches are more complicated than
0- and 1-combustion factor approaches due to their high
data needs. They require information not only on bio-
mass and attendant emissions but also information on
emissions due to cultivation, conversion, and transpor-
tation used for a particular biofuel type or batch. Such
information is needed from each nation that is a source
of biomass.

Scale independence. It was expected that the CoF =0
approach would be scale-independent as carbon stock
levels can be measured from the stand level up to the
national level. However, measurements of forest-carbon
stock changes give very different results at different
scales. Thus, the CoF = 0 approach has not turned out
to be scale-independent. The POUR approach shares
this weakness, but the tailpipe method is fully scale
independent.

Value-chain approaches are not inherently scale-inde-
pendent. They can only achieve this through use of
national-level estimates of GHG emissions at each step
along the value chain together with assumptions
regarding the share of such emissions attributable to
each batch of a biofuel. Given that, as previously men-
tioned, the destiny of agricultural products may only be
determined in the consumer nation, this could prove
extremely challenging. The value chains used in the EU
RED and the US RFS2 are both batch-based and result-
ing emission calculations do not enter into national
GHG accounting.

Summary. Table 3 summarizes the above evaluation of
accounting approaches against the chosen criteria.
While Tailpipe performs relatively well against all crite-
ria, due to the over counting of emissions it may not be
practical. The next best option is POUR which is more
comprehensive than 0-combustion approaches and less
complex than value-chain approaches. It shares the
scale-independent problems of CoF =0 approaches.
Value-chain approaches are rated lower because of their
complexity.

Accounting systems can support or hinder stake-
holder goals because they tend to provide incentives or
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disincentives for specific actions. For example, we have
already suggested that 0-combustion factor accounting
approaches provide strong incentives for energy con-
sumers to use bioenergy to meet GHG obligations, par-
ticularly if the carbon stock losses occur in another
country or are uncounted.

Impacts of accounting system on stakeholder goals

Stimulation of rural economies and food security. A
CoF = 0 factor approach provides a strong stimulus to
use bioenergy. This stimulates production of both
agricultural and forest biomass (Cortez ef al., 2010).
However, this stimulus may result in dedication of food
and feed crops to energy and food and feed price
increases. Dedication of food and feed crops to energy
may reduce food security and lead to increased need for
food imports in nations where agricultural supply is not
sufficient to meet both demands (Pimental et al., 2009).
Price increases tend to benefit farmers but can burden
general populations, particularly its poorer segments.
Having the energy consumer account for GHG emis-
sions from bioenergy combustion, as happens under
CoF =1 approaches, removes the incentive to use more
bioenergy than justified by the emission reductions it
achieves. Since in most applications biomass results in
more CO, emitted per unit of energy produced than
fossil fuels, use of bioenergy may be discouraged where
entities are faced with GHG reduction obligations. As a
consequence, the CoF =1 approaches tend to decrease
demand for biomass for energy. Thus, they neither stim-
ulate rural economies nor result in food and feed prices
increases or food security difficulties. The Tailpipe char-
acterized by all of the effects. The POUR approach may
overcome the lack of stimulation to rural economies
through a mechanism that provides credit for atmo-
spheric removal of CO, by biomass. The extent to which
credits would overcome the disincentive to use bioener-

Table 3 Evaluation of accounting approaches against criteria

gy, and thus stimulate rural economies would depend
on details of the transfer rules. Thus, until such a pro-
gram is designed, the impacts cannot be evaluated.
Value-chain approaches have been implemented in
conjunction with mandates to reduce GHGs and the
mandates rather than the accounting system are driving
increased use of bioenergy and thus stimulating rural
economies. Insofar as the goal of value-chain
approaches is to align use of bioenergy with its emis-
sion consequences, value-chain approaches are more
likely to resemble CoF = 1 than CoF = 0 approaches.

GHG reductions. Because of the current and expected
incomplete participation in binding GHG targets,
together with the fact that bioenergy producers incur no
costs for their emissions, the CoF =0 accounting
approach fails to promote GHG reductions. In fact, it
may actually result in more emission than the continued
use of fossil fuels (Havlik et al.,, 2011). The CoF =1
approaches can be effective ways to control GHG emis-
sions because bioenergy producers do incur costs for
emissions. The fact that combustion of biomass gener-
ally generates more CO, emissions to produce a unit of
energy than the combustion of fossil fuels increases the
difficulty of achieving the goal of reducing GHG emis-
sions by using woody biomass in the short term (Walker
et al., 2010; Zanchi et al., 2010; McKechnie et al., 2011;
Repo et al.,, 2011). A POUR approach with a crediting
mechanism might be particularly effective in addressing
emissions from the land sector. If a crediting mechanism
induces nations without GHG obligations to track net
atmospheric removals as a condition for receiving and
selling credits, there would be a powerful incentive for
them to move to practices in which carbon stock reduc-
tions are lower than biomass removed from the land-
scape, e.g., less is harvested annually than grows.
Making users responsible for value-chain GHGs can
translate into incentives both to produce and to pur-

Criteria Combined
Space and time

Accounting approach Space and time Simplicity Scale Evenly weighted double weight
Combustion factor = 0 approaches (CoF = 0)

Unmodified Low High Low Medium Medium

Existing+emissions correction Low Low Low Low Low

Existing+policy overlay High to low Medium to low Low Medium to low High to low
Combustion factor = 1 approaches (CoF = 1)

Tailpipe Medium High High High High

POUR High Medium Low Medium Medium
Value-chain approaches

All Very high Low Low Medium High
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chase biomass with the lowest GHG profiles. This, how-
ever, only will happen under value-chain approaches
where the profile directly impacts costs, as would hap-
pen under a DeCicco-type system where the lower the
GHG profile the fewer permits to emit required. Under
these circumstances, value-chain approaches may be the
most effective way of reducing GHG emissions associ-
ated with the use of bioenergy.

Preservation of forests. The extent to which an accounting
approach preserves forests is often closely related to its
ability to reduce GHG emissions. The 0-combustion fac-
tor approach, for example, does neither very success-
fully, whereas Tailpipe does both effectively.

As the tailpipe approach discourages the use of bio-
energy, it can be considered supporting preservation of
forests just as it supports reductions in GHG emissions
from biomass. In POUR, on the other hand, credits may
be received for removals embodied in harvested wood.
This leads to the assumption that there would be a
strong incentive to harvest. However, credits are
received only for carbon in wood sold minus carbon
stock losses. Hence, POUR may provide an incentive to
sustainable forest management. The actual impact of
POUR on forest preservation could, however, only be
determined once a program with sufficient detail was
developed to enable economic analyses well beyond the
scope of this study.

The impact of a value-chain approach to bioenergy on
forests will depend greatly on the specifics of its design
as well as whether emissions calculated along the value
chain are used to determine a combustion factor or it is
used in conjunction with mandates. The EU RED
approach allows significant degradation of natural for-
ests and even replacement of natural forests with plan-
tations as long as they meet specific criteria. The US
RFS2, by restricting use of woody biomass to residues,
slash, precommercial thinnings, and forests planted by
hand or machine on land cleared prior to 2007 is very
likely to prevent loss or degradation of forests.

A major issue is how a value-chain approach will deal
with the problem that arises in the case of woody bio-
mass: emissions occur in the near term but compensating
regrowth, particularly at the batch level, can take decades
to centuries. If little or no attention is paid to this problem,
as appears to be the case in the EU RED, a value-chain
approach may not preserve forests effectively. Currently,
the mandates play a larger role in the impact on forest
preservation, than the accounting system.

Summary. Table 4 provides a qualitative summary of
our evaluation of accounting approaches in support of
stakeholder holders” goals. We find that the unmodified
CoF = 0 approach behaves very poorly. A CoF =0
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approach restricted to trading partners that have com-
mitted to a GHG limitation rates well across all goals.
However, given that it would leave most nations
outside of the system, as well as potential objections on
free trade grounds, it may not be a desirable solution.

The Tailpipe approach does well for most goals but
given its strong discouragement of use of bioenergy
together with its over counting of emissions it may also
not be a desirable choice. A POUR approach has poten-
tial but the design of a crediting and credit-transfer
mechanism, as well as the response of nations without
GHG obligations, would be critical in performance char-
acteristics. Similarly, a DeCicco-type value-chain
approach seems to have considerable potential. As a
value-chain approach it brings use of bioenergy into line
with its GHG emissions. Thus, while it will encourage
use of bioenergy where GHG profiles are favorable, it is
unlikely to encourage bioenergy at levels that would
unduly affect food and feed prices.

Discussion and conclusions

The current accounting system for emissions from bio-
energy gives entities with GHG obligations an incentive
to use bioenergy at the expense of maintenance of car-
bon stocks. In this article, we describe and examine
alternative approaches that could potentially redress
this system weakness.

The problem arises because the KP’s accounting of
bioenergy is a ‘0-combustion factor’ (CoF = 0) approach.
Emissions from the combustion of biomass for energy
are not accounted in the energy sector, but in the land-
use sector as carbon stock losses. However, in reality,
many carbon stock losses are not accounted for. Many
countries do not have GHG targets and some countries
that have them do not include carbon stock changes in
forests remaining forests, or even from deforestation
where net forest area remains steady or increases. In
this way, the KP provides an incentive for KP compliant
nations to obtain biomass for energy from nations with-
out KP obligations or other sources not accounted for.
The EU-ETS in particular provides energy producers
with a powerful incentive to use bioenergy regardless of
its carbon stock implications as carbon stock changes
play no part in the EU-ETS.

This article describes alternative approaches to
accounting for bioenergy emissions and proposes that
all alternatives fall into one of three categories: (1)
application of a 0-combustion factor to bioenergy emis-
sions at the point of combustion (the current
approach); (2) CO, emissions at combustion are similar
to fossil fuels (1-combustion factor approach); and (3)
value-chain approaches in which bioenergy consumers
are responsible for net GHG emissions generated along
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the bioenergy value chain and these emissions can be
used to calculate a combustion factor between zero
and one.

This article examines several options within each
of these categories, including use of policy overlays or
correction factors in connection with a CoF=0
approach; counting only emissions (Tailpipe) or also
counting atmospheric uptake of CO, (POUR) within the
CoF =1 group; and value chains that do and do not use
the calculated emissions to determine a combustion fac-
tor. The value chains used in the EU RED and US RFS2
do not use calculated emissions to determine a combus-
tion factor, whereas an approach proposed by DeCicco
does.

This article points out that the value-chain approaches
differ from the other two types of approach in two sig-
nificant ways. They encompass not only emissions from
combustion of biomass and carbon stock losses but also
emissions from cultivation of biomass and its conver-
sion and transportation. Second, unlike any of the 0- or
1-combustion factor approaches, they hold a consuming
nation responsible for emissions that occur outside of its
national boundaries.

Finally, this article evaluates the accounting options
against general criteria and selected stakeholder goals.
The general criteria are comprehensiveness over space
and time, simplicity, and scale-independence. Stake-
holder goals are stimulation of rural economies, food
prices, and energy security; reductions of GHG emis-
sions; and preservation of forests.

With regard to accuracy of accounting over space
and time, value chain and combustion CoF =1

approaches tend to perform better than CoF =0
approaches, significantly increasing the fraction of emis-
sions due to bioenergy captured in the accounting sys-
tem. Emissions that would not be included in CoF =1
systems are those due to soil and litter pool carbon
losses and in the case of drainage of wetlands
additional GHG emissions. However, there is a trade-
off. Except for Tailpipe, CoF =1 and value-chain
approaches are not as simple as the unmodified 0-
combustion factor approaches.

In general, CoF = 0 approaches, by encouraging use
of bioenergy, tend to stimulate rural economies but do
poorly against other goals, with the exception of restrict-
ing trading partners to nations with GHG limitation
obligations. The CoF = 1 options have the opposite ten-
dencies. They tend to discourage use of bioenergy and
thus fail to stimulate rural economies. POUR may over-
come this through inclusion of a credit and credit-trans-
fer mechanism. Producer countries would receive
credits for net atmospheric uptake of CO, which could
be sold to bioenergy consumers. If such a mechanism
were available to all nations, POUR could be effective in
controlling GHG emissions because it would encourage
maintaining carbon stocks while providing biomass for
energy. Value-chain approaches are theoretically neutral
between use of bioenergy and continued use of fossil
fuels and therefore would tend not to encourage use of
bioenergy due to its high emissions per unit of energy
produced. However, to date, value-chain approaches
have been used in conjunction with mandates that drive
use of bioenergy, and the specifics of the programs have
determined the outcomes on stakeholder goals.

Table 4 Qualitative review: accounting options vs. stakeholder goals. The evaluation of POUR assumes mechanism to award and

transfer credits from producer to consumer

Stimulate rural Protect food Reduce GHG
Accounting system economies security emissions Preserve forests
Combustion factor = 0 approaches (CoF = 0)
Unmodified High Low Low Low
Existing + emissions correction Lower than Higher than Uncertain DPD
unmodified unmodified
Existing + limited sources Likely high Uncertain DPD DPD
Existing + limited trading partners High High High High
Combustion factor = 1 approaches (CoF = 1)
Tailpipe Low High High Low
POUR DPD, potentially Potentially low DPD, potentially DPD, potentially
high high high
Value-chain approaches
EU RED DM Low Medium Medium
US RFS2 DM Low High High
DeCicco-type Medium to high Medium High Likely high

POUR, Point of Uptake and Release; GHG, greenhouse gas; DPD, depends on program details; DM, depends on mandate.
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Both POUR and a DeCicco approach seem to hold
considerable promise to do well again general criteria
and stakeholder goals but until programs using them
are further developed impacts remain uncertain.
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