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While bioenergy plays a key role in strategies for increasing renewable energy deployment,
studies assessing greenhouse gas (GHG) emissions from forest bioenergy systems have
identified a potential trade-off of the system with forest carbon stocks. Of particular impor-
tance to national GHG inventories is how trade-offs between forest carbon stocks and
bioenergy production are accounted for within the Agriculture, Forestry and Other Land
Use (AFOLU) sector under current and future international climate change mitigation agree-
ments. Through a case study of electricity produced using wood pellets from harvested forest
stands in Ontario, Canada, this study assesses the implications of forest carbon accounting
approaches on net emissions attributable to pellets produced for domestic use or export.
Particular emphasis is placed on the forest management reference level (FMRL) method, as it
will be employed by most Annex I nations in the next Kyoto Protocol Commitment Period.
While bioenergy production is found to reduce forest carbon sequestration, under the FMRL
approach this trade-off may not be accounted for and thus not incur an accountable AFOLU-
related emission, provided that total forest harvest remains at or below that defined under the
FMRL baseline. In contrast, accounting for forest carbon trade-offs associated with harvest for
bioenergy resultsin an increase in net GHG emissions (AFOLU and life cycle emissions) lasting
37 or90years (if displacing coal or natural gas combined cycle generation, respectively). AFOLU
emissions calculated using the Gross-Net approach are dominated by legacy effects of past
management and natural disturbance, indicating near-term net forest carbon increase but
longer-term reduction in forest carbon stocks. Export of wood pellets to EU markets does not
greatly affect the total life cycle GHG emissions of wood pellets. However, pellet exporting
countries risk creating a considerable GHG emissions burden, as they are responsible for
AFOLU and bioenergy production emissions but do not receive credit for pellets displacing
fossil fuel-related GHG emissions. Countries producing bioenergy from forest biomass,
whether for domestic use or for export, should carefully consider potential implications of
alternate forest carbon accounting methods to ensure that potential bioenergy pathways can
contribute to GHG emissions reduction targets.
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1. Introduction

Electricity generation from forestbiomass offers the potential
to reduce greenhouse gas (GHG) emissions relative to fossil
fuel generation, while also addressing sustainability con-
cerns such as non-renewable resource use, air pollutant
emissions, and energy security. The flexibility of bioenergy as
a potential alternative energy source for heat, transport, and
electricity applications has led to its inclusion in national
strategies for reducing GHG emissions and increasing
renewable energy penetration (e.g., UK DECC, 2012). Risks
associated with forest bioenergy production, in particular the
impact on forest carbon sequestration and potential GHG
emissions consequences, have been identified in several
studies (e.g., Searchinger et al., 2009; McKechnie et al., 2011;
Vanhala et al., 2013). Of particular importance to national
GHG inventories is how trade-offs between forest carbon
stocks and bioenergy production are accounted for within
current and future international climate change mitigation
agreements.

Under the United Nations Framework Convention on
Climate Change, bioenergy systems straddle the Energy sector
and the Agriculture, Forestry and Other Land Use (AFOLU)
sector, with the latter accounting for terrestrial carbon stocks.
To avoid double-counting, CO, emissions from biomass
combustion are excluded from GHG accounting within the
energy sector. Implications of these emissions on atmospheric
GHGs are assessed indirectly through terrestrial carbon stock
accounting under the AFOLU sector. Conventional life cycle
assessment methods similarly do not account for biomass-
based CO, emissions in the assessment of bioenergy systems.
Life cycle studies commonly assume that these emissions are
balanced by post-harvest biomass regrowth and thus do not
contribute to atmospheric GHGs (e.g.,, Zhang et al.,, 2010).
Research has highlighted the possible shortcomings of this
accounting approach, as it risks omitting potentially signifi-
cant carbon stock changes resulting from bioenergy produc-
tion (e.g., Searchinger et al., 2008). Recent studies of bioenergy
have developed integrated life cycle and forest carbon analysis
methods to include forest carbon impacts within life cycle
studies (e.g., McKechnie et al., 2011; Helin et al., 2012). Net GHG
emissions, inclusive of life cycle activities and forest carbon
impacts, are time dependent: forest carbon removals at
harvest are compensated by forest regrowth, which occurs
over a comparatively long timescale. Trade-offs between
forest biomass-based bioenergy production and forest carbon
stocks have been found to result in increased GHG emissions
relative to fossil fuels lasting decades to more than 100 years
(e.g., McKechnie et al., 2011; Ter-Mikaelian et al., 2011).

Lacking in prior applications of integrated life cycle/forest
carbon analysis methods is a consideration of how trade-offs
between bioenergy and forest carbon would be accounted for
under climate change mitigation agreements and national
emissions inventories. Accounting for forest carbon stocks
within GHG emissions inventories is complex, due in part to
the long-term consequences of previous management deci-
sions and natural disturbances (Bottcher et al., 2008).
Accounting rules have been proposed and prior studies have
evaluated the implications of these rules on the assessed GHG

emissions/sinks for managed forests (e.g., Bottcher et al., 2008;
Ellison et al.,, 2011). Under the 2nd Commitment Period of the
Kyoto Protocol, most reporting nations have chosen to
measure forest carbon stock changes by first identifying a
forest management reference level (FMRL) to define a
dynamic, forward looking baseline to which future forest
carbon stocks are compared (UNFCCC, 2013b). While alternate
accounting methods can greatly impact assessed AFOLU
emissions (Bottcher et al., 2008), implications of accounting
methods on the emissions attributable to forest bioenergy
have yet to be investigated.

The North American wood pellet industry has grown
rapidly in response to demand in domestic and export markets
(FBN, 2013), fuelled in part by initiatives in EU countries to
implement biomass co-firing and repowering of coal generat-
ing stations to meet renewable energy and GHG emissions
reduction targets. Alongside potential pellet sources in the US
Southeast (e.g., Dwivedi et al., 2014), wood pellet export from
Ontario, Canada, to international markets is developing as a
supply chain (Rentech, 2014). It is thus important to under-
stand the potential implications of wood pellet production and
trade for producer country’s national emissions inventories.
The objective of this study is to investigate how forest carbon
accounting approaches employed within the AFOLU sector
might impact emissions attributable to forest bioenergy
within national emissions inventories. We expand on existing
life cycle and forest carbon analysis models to quantify AFOLU
emissions resulting from forest bioenergy production under
three alternative forest carbon accounting methods. This
novel assessment approach is applied to a case study of wood
pellet production from harvested forest stands in the Great
Lakes - St. Lawrence Forest Region of Ontario, Canada. Life
cycle GHG emissions are quantified for both domestic pellet
consumption and export of pellets to a hypothetical EU
consumer to compare implications for Canada’s emissions
inventory.

2. Forest carbon accounting approaches

Forest carbon accounting approaches are designed to
quantify the impact of management (e.g., deforestation/
afforestation; harvest/renewal) on atmospheric GHGs. Ap-
plied nationally, these approaches determine the net GHG
emissions sink (or source) related to forests, a component of
the AFOLU sector, for inclusion in national inventories. While
forest carbon accounting approaches are not designed to
assess the impact of a particular forest product, we adapt
these methods, as described below, to better understand the
implications of increased forest resource utilization for
bioenergy production. Forest carbon accounting approaches
have been described in detail elsewhere (e.g., Bottcher et al.,
2008). A simple and general representation of changes in
forest carbon stocks that would be accountable within
national inventories, as either an emissions source or sink,
can be presented by:

ACqec = Acobs - Acbase (1)

where AC, is the accountable change in forest carbon stocks
over a set period of time, AC,s is the observed change in forest
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