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Abstract

In the current debate over the CO2 emissions implications of switching from fossil fuel energy sources to include

a substantial amount of woody biomass energy, many scientists and policy makers hold the view that emissions

from the two sources should not be equated. Their rationale is that the combustion or decay of woody biomass

is simply part of the global cycle of biogenic carbon and does not increase the amount of carbon in circulation.

This view is frequently presented as justification to implement policies that encourage the substitution of fossil

fuel energy sources with biomass. We present the opinion that this is an inappropriate conceptual basis to assess
the atmospheric greenhouse gas (GHG) accounting of woody biomass energy generation. While there are many

other environmental, social, and economic reasons to move to woody biomass energy, we argue that the inferred

benefits of biogenic emissions over fossil fuel emissions should be reconsidered.

Keywords: bioenergy emissions, biogenic carbon, carbon debt, forest biomass, greenhouse gas accounting

Received 20 April 2011; revised version received 14 July 2011 and accepted 3 August 2011

A recent letter to US House of Representatives Natural

Resource and Energy and Commerce Committees

signed by more than 100 academics from American uni-

versities articulated a concern over equating biogenic

carbon (C) emissions with fossil fuel emissions in

emerging state and federal legislation and rule making

(Lippke et al., 2010). They stated that ‘the combustion or

decay of woody biomass is part of the global cycle of

biogenic carbon and does not increase the amount of

carbon in circulation. In contrast, carbon dioxide

released from fossil fuels increases the amount of car-

bon in the cycle’. This view recently has been reiterated

by many (e.g. Hale, 2010; Lucier, 2010; Strauch et al.,

2010; Sedjo, 2011) as justification to promote policies

that encourage the substitution of fossil fuel energy

sources with biomass. This position ignores the inherent

complexities associated with atmospheric greenhouse

gas (GHG) accounting of woody biomass energy gener-

ation, including the consideration of the system bound-

aries used in net emissions calculations and the indirect

effects associated with land-use change. According to

some calculations, switching from fossil fuels to wood

energy could actually result in increased levels of

atmospheric GHGs, at least over a period of decades

(e.g. Searchinger et al., 2009; Walker et al., 2010; McKech-

nie et al., 2011). This recent scientific approach to the

issue has come about through the recognition by many

in the scientific community that GHG accounting must

consider explicitly the carbon dynamics of the woody

biomass feedstock source and not dismiss it as immedi-

ately ‘carbon neutral.’ Though our comments below are

driven by the US policy debate over how to treat bio-

mass energy emissions, this desire to dismiss these

important biogenic emissions is echoed internationally.

In particular, the current Intergovernmental Panel on

Climate Change (IPCC, 2006) GHG accounting approach

accounts for feedstock carbon stock change, but does

not attribute biogenic emissions to the energy sector.

This approach risks creating incentives for bioenergy

production that, in some circumstances, may emit more

CO2 than the fossil fuel alternatives over the whole life

cycle of the bioenergy chain and considering indirect

pay-back effects (Bird et al., 2011).

There are many credible environmental, social and

economic reasons to move away from fossil fuels,

including: reducing dependence on foreign petroleum,

providing economic incentives to maintain forest man-

agement infrastructure, and encouraging conservation

of working forests. But for the specific goal of mitigating
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climate change, the critical question to answer is ‘what

will the atmosphere see and over what timescale?’ as a

result of switching from geologic to biogenic fuel

sources. The physics of the greenhouse effect is indiffer-

ent as to the origin of the pollutant. Once a molecule of

CO2 is in the atmosphere its heating capacity is the

same regardless of its source. It is the overall C budget

and the net atmospheric concentration of greenhouses

gases that are of concern. If greater use of wood energy

has the unintended consequence of contributing to an

increase in atmospheric CO2 concentrations, then deci-

sions to switch to biogenic fuels should be guided by

careful accounting to determine net carbon fluxes to

and from the atmosphere.

An earlier letter to the US House of Representatives

and US Senate (Schlesinger et al., 2010) from 90 Ameri-

can scientists stated that ‘Although fossil fuel emissions

are reduced or eliminated, the combustion of biomass

replaces fossil emissions with its own emissions (which

may even be higher per unit of energy because of the

lower energy to carbon ratio of biomass)’. More research

is needed to determine which biomass energy technol-

ogy scenarios and forest ecosystems are most likely to

result in greater biogenic emissions than the equivalent

fossil fuel energy source. But recent work in the United

States and Europe supports the Schlesinger et al. (2010)

statement (e.g. Walker et al., 2010; Bird et al., 2011;

McKechnie et al., 2011). In addition, if biomass harvests

involve living trees that would otherwise have

remained alive and growing, the short-term net impact

on the atmosphere will be greater than if logging resi-

due or waste wood were used. All wood is not equal in

terms of temporal impact to atmospheric GHG levels.

Therefore, the use of wood for energy needs a strong

quantitative basis ensuring policy based on evidence

rather than opinion.

Wood energy harvests encompass a wide range of

silvicultural treatments, but have the potential to increase

the overall intensity and frequency of harvesting. This

can reduce the net amount of carbon stored in forest

biomass at any moment in time at landscape scales, par-

ticularly in natural forest systems with low risk of

catastrophic disturbances and relatively slow growth

rates. If overall harvesting intensity increases to meet

new demand for wood energy, carbon stocks on the

landscape can be depressed to a lower equilibrium

storage condition therefore increasing overall atmo-

spheric CO2 even when considering the substitution

benefits (Harmon et al., 1990; Smithwick et al., 2006;

McKechnie et al., 2011). In addition, when biomass

energy is produced from land converted to nonforest

uses; regrowth of forests and the associated uptake of C

will not occur. As long as the world continues to experi-

ence net loss of forest cover (deforestation) and harvest

intensity increases, the residence time period for

biogenic C in the atmosphere is likely longer than what

is assumed by many scientists. Moreover, most

sequestration of this biogenic C in the atmosphere will

likely occur beyond the critical timeframe for address-

ing climate change (e.g. the next 50 years). When we

also consider the amount of biogenic C remaining in the

atmosphere as a result of historical global conversion of

forests, prairies, peatlands and wetlands (Birdsey et al.,

2006; Rhemtulla et al., 2009; van der Werf et al., 2009), it

becomes clear that all sources of additional C emissions

should be evaluated based upon their near term contri-

bution to the atmosphere and their potential for

re-sequestration by new biological growth. This histori-

cal debt also negates the argument that biogenic carbon

can be banked in advance of consumption for energy

(e.g. Sedjo, 2011). Again, what matters is the amount of

CO2 in the atmosphere, regardless of the source.

One rationale for increasing the use of forest biomass

for energy is that the biogenic carbon cycle is in balance

as long as trees are growing and sequestering carbon

somewhere else within other forests (Lucier, 2010).

While this argument makes sense when considering the

sustained yield of wood products, it fails to consider

the complete basis for calculating net GHG effect on the

atmosphere of switching from fossil fuels to biomass.

Moreover, when applied to carbon, this approach

implies that the biogenic carbon cycle is separate from a

global carbon cycle. It is indisputable that emissions

from fossil fuels contribute to the atmospheric pool by

releasing carbon from the geologic pool and are there-

fore new emissions to the atmosphere. However, the

same is functionally true, in terms of climate implica-

tions, for any biological carbon emission with a low

likelihood or a delayed return (>50 years) to the bio-

genic or oceanic pools. If alternatives to fossil fuels

include use of forests where C is emitted and resides in

the atmosphere for long periods of time (e.g. decades or

longer), a reduction of atmospheric concentrations of

CO2 (e.g. to 350 ppm; Hansen et al., 2008) will be diffi-

cult to achieve and may contribute to some degree of

irreversible climate change (Solomon et al., 2009). With

this in mind, we must continue to ask ourselves

whether we are truly using forests to their greatest

atmospheric benefit.

What matters most in our climate change mitigation

efforts is the movement of C from any pool into and

out of the atmosphere (i.e. the net effect on atmo-

spheric carbon concentrations). Consider the five major

global pools of C in decreasing order of volume: oce-

anic; geologic; pedologic; atmospheric; and biogenic

(Morgan et al., 2010). The flow of C among these pools

operates at varying temporal scales. It may take

millions of years for C to move from the biogenic pool
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to the geologic pool, while fluxes between the atmo-

spheric and biogenic pools are continuous. Humans

influence movement among pools by burning fossil

fuels and releasing C to the atmospheric pool. Like-

wise, we burn and clear forests from the biogenic pool

to convert land to agriculture, development, and other

nonforest uses, leading essentially in many cases to a

permanent loss of biogenic C (van der Werf et al.,

2009; Hansen et al., 2010). Movement of biogenic C

from the atmosphere back into the biogenic pool can-

not be automatically assumed. Biogenic C released

from activities such as permanent deforestation, or the

combustion of forest biomass for energy, must be

replaced through photosynthesis and sequestration to

maintain flow from the atmosphere back into the bio-

genic pool. In the context of climate change mitigation

efforts, activities that generate emissions from biogenic

or geologic C pools should be evaluated for the contri-

bution it makes to the atmospheric pool and the timing

of residence.

There is an immediate need to deal with the com-

plexity of carbon accounting as it relates to wood-

derived bioenergy. Scientists are studying the benefits

and tradeoffs associated with different carbon manage-

ment scenarios in a variety of forest types around the

world (Harmon & Marks, 2002; Seidl et al., 2007;

Mitchell et al., 2009; North et al., 2009; Swanson, 2009;

Hurteau et al., 2010; Nunery & Keeton, 2010; Gunn

et al., 2011). As our understanding of this complexity

improves, we need to carefully consider the role of

forests as both a potential C sink and source (Ray

et al., 2009). If forests are going to be used to reduce

our dependence on fossil fuels, we will need to deter-

mine where and when to provide the economic incen-

tives to maintain the forest management infrastructure

and our working forests. Independently verified sus-

tainable forestry standards that conserve our forest

resources in perpetuity provide one existing mecha-

nism to prevent degradation and promote forest prac-

tices with C sequestration benefits. The opportunities

to use our forests and maintain them as forests with

their embedded ecosystem service values is worthy of

balancing the carbon accounting issues mentioned here

with the other management objectives (water, biodi-

versity, human livelihoods, recreation, energy, etc.).

Ideally, balancing the flow of ecosystem service values

from forests will benefit from global policies such as

Reducing Emissions from Deforestation and Forest

Degradation (REDD) that consider the whole suite of

ecosystem goods and services including atmospheric

benefits (Canadell & Raupach, 2008; Ebeling & Yasue,

2008; FAO UNDP, 2008). But first, we must be confi-

dent that our climate policies designed to reduce

atmospheric GHGs in a time frame that matters actu-

ally do reduce GHG levels, and not unwittingly

increase them.
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