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Abstract:

The carbon flux from burning biomass for energy is often legislated, or simply assumed, to be
carbon neutral as subsequent forest growth sequesters carbon lost during energy production. In
this sense, there may be no net contributions to atmospheric carbon flux associated with biomass
energy. However, trees may take decades to recover the CO; released by burning, so assumed
neutrality hinges on the fact that we count CO, removals equally independent of when they
occur. If dealing with climate change is an urgent matter, we may give higher weight to current
CO, emissions over those that occur in the decades to come. If there is no urgency in dealing
with climate change, then all types of biomass will eventually return to carbon neutrality. Yet, if
climate change is deemed an urgent matter, biomass never returns to carbon neutrality as we give
future CO, removals less weight. If urgency is high enough, biomass may be more emissions
intensive than coal, as the discounted future removals are not enough to offset the relatively
higher emissions intensity experience by burning biomass for energy. The race to adopt
aggressive renewable energy targets implies climate change mitigation is an urgent matter. Yet,
the increasing reliance on biomass for energy production suggests there is no time preference. In
the end, the potential benefits of substituting biomass for coal to produce energy might be greatly
exaggerated.
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INTRODUCTION

In an effort to reduce carbon dioxide (CO;) emissions from fossil fuel burning, renewable energy
policies have promoted ‘carbon neutral’ biomass as an energy source. Carbon flux from burning
biomass is often legislated or simply assumed to be carbon neutral as subsequent growth
sequesters carbon from the atmosphere (IPCC, 2006). Yet trees may take decades to recover the
CO; released by burning, so assumed emissions neutrality implies that climate change is not
considered an immediate threat. That is, the carbon neutrality of biomass hinges on the fact that
we count CO, removals from the atmosphere equally independent of when they occur, and that
such removals offset emissions. When there is greater urgency to address climate change,
however, more emphasis should be placed on immediate removals of CO, from the atmosphere
and much less on removals that occur in the more distant future.

How pressing is the need to mitigate climate change? According to Article 2 of the
United Nations Framework Convention on Climate Change (UNFCC), atmospheric greenhouse
gas concentrations must be stabilized in a timely manner to prevent dangerous anthropogenic
interference with the climate system. Further, the latest IPCC report indicates that the observed
impacts of climate change are already “widespread and consequential” (IPCC, 2014). The U.S.
National Climate Assessment (NCA) reiterated the warnings of the IPCC regarding climate
change, suggesting that a once distant concern is now a pressing one as future climate change is
largely determined by today’s choices regarding fossil fuel use (NCA, 2014).

To reduce emissions of CO; from fossil fuel burning, many countries intend to substitute
biomass for coal in existing power plants, with some already having done so. This is appealing
because extant coal plants can be retrofitted to burn biomass at relatively low cost. Thus, it is

estimated that as of 2011, some 230 coal plants co-fire with biomass on a commercial basis



(IEA, 2013). Biomass use in coal plants is bound to increase as more countries will need to rely
on its assumed neutrality to meet their CO, emission reduction targets (IEA, 2009).

In Europe, countries originally agreed to a binding target requiring 20% of total energy to
come from renewable sources by 2020 (Directive 2009/28/EC). Then, in early 2014, the
European Commission proposed a new framework with a more ambitious EU-wide renewable
energy target of 27% by 2030. While wind turbines and solar panels are the face of such efforts,
Europe expects one-half or more of its renewable energy target to come from biomass (European
Commission, 2013). To meet these targets, member states have individually adopted a variety of
domestic policies to promote energy from biomass, including feed-in tariffs, a premium on
market prices and/or tradable renewable energy certificates (RES-LEGAL, 2014). As indicated
in Figure 1, these measures are expected to increase European consumption of wood pellets to an

estimated 38 Mt per year, requiring significant imports of pellets from outside the EU.
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Figure 1: Production and consumption of wood pellets in the EU-27 (Mt), 2000-2010 and
forecasts for 2015 and 2020
Source: Lamers et al., 2012; Poyry, 2011



In Canada, performance standards on coal-fired power plants now impose an upper limit
on emissions of 420 kg CO, MWh ™' — equivalent, according to the government, to new highly-
efficient combined-cycle gas turbines (Government of Canada, 2012). The standard applies to
combustion of coal and its derivatives, and all fuels burned in conjunction with coal, except for
biomass which is deemed to be emissions neutral. This leaves open the option of blending ‘zero-
emissions’ biomass to the point where the standard is met. As of 2014, two large-scale Canadian
power plants have been retrofitted to run on ‘carbon neutral’ biomass, including the Nanticoke
Generating Station, which was the largest coal-fired power plant and one of the largest single
sources of emissions in North America.

In the United States, a recent ruling by the Environmental Protection Agency in
September 2013 (EPA, 2013) requires new coal plants to have carbon capture and storage (CCS)
capability, or otherwise achieve a particular performance standard. The construction cost of
CCS-capable plants is prohibitive, but other costs make CCS not only economically unattractive
but a definite dead end. The CCS process increases the energy required to produce electricity by
some 28% (EIA, 2013). Here again co-firing biomass with coal is viewed as an alternative
compliance strategy to achieve emission intensity in coal plants of 500 kg CO, MWh'
(Edenhofer et al., 2011).

As biomass energy continues to be a significant strategy for transitioning away from
fossil fuels, the question becomes: To what extent should we value future atmospheric carbon
removals? In particular, as climate change mitigation has become a timely matter, what
contribution does future carbon uptake in forests ecosystems make to the mitigation of climate
change? The purpose of this study is to examine the assumptions and pitfalls of biomass carbon

sequestration in light of its increasing use as a fossil-fuel alternative. This study demonstrates



that the assumed carbon neutrality of biomass for energy production hinges on the fact that we
weakly discount future removals of carbon, and it is sensitive to tree species and the nature of the

fuel for which biomass substitutes.

METHODS AND DATA

In Figure 2, we illustrate how biomass is assumed to be carbon neutral, and in particular, how it
may be used to reduce CO; emissions from fossil fuel burning. CO, flux is depicted on the
vertical axis and time on the horizontal. The CO, emitted by burning fossil fuels to generate, say,
one MWh of electricity results in a one-time increase in atmospheric CO, denoted by a negative
value and, assuming no decay of atmospheric CO,, illustrated by the horizontal dotted line.
Assume that biomass is instead burned to generate that one MWh of electricity at time # = 0; this
results in more CO; emissions than would occur with the burning of fossil fuels — a significant
point discussed in more detail below. Unlike fossil fuels, however, newly planted trees then
begin to remove CO, from the atmosphere. At time ¢ = M, the cumulative carbon flux from the
biomass source will equal that from the fossil fuel source, and eventually should exceed it for
£>M; by substituting biomass for fossil fuels, less CO; is emitted into the atmosphere because
growing trees removes CO, from the atmosphere and stores it as carbon in biomass. At some
future time, say ¢ = N, tree growth removes as much CO, from the atmosphere as was added by
burning the biomass at time ¢ = 0. Carbon neutrality is thus based on the assumption that CO,

released by burning wood is subsequently removed from the atmosphere by growing biomass.



Time to Equal
Cumulative Carbon Flux
Biomass CO,
Surplus Relative

3
I
I
I
I
I
to Fossil Fuel :

v

4 CO, Released from Burning Fossil Fuel
! . Per Unit of Energy

I Biomass CO,

: Debt Relative to

1 Fossil Fuel

: Change in Forest CO, Uptake

1

\ 4

v

Change in
Stored CO,

Figure 1: Carbon flux associated with fossil fuel and biomass energy production over time

The carbon neutrality of biomass holds just as well for coal — only the time taken to
remove the original release of CO, differs. Therefore, it is important to weight (discount) CO,
uptake and release according to when it occurs. If global warming is not considered a problem,
we might use a zero discount rate, in which case it really does not matter if biomass growth
removes CO; from the atmosphere today, 50 years, or even thousands or millions of years from
now — it only matters that the CO; is eventually removed. In that case, coal and biomass are on a
similar footing and, since coal is more energy efficient, it would be preferred to biomass.

If, on the other hand, global warming is considered the serious threat envisioned by the
IPCC and the NCA, we want to weight current reductions in emissions and removals of CO,
from the atmosphere much higher than those in future years. This is the same as discounting
future uptake of CO,, with higher discount rates suggesting greater urgency in dealing with
global warming. Figure 3 depicts such urgency, but for a level of urgency where discount rates

6



are sufficiently high that burning of biomass for energy never leads to carbon neutrality. Indeed,
if one were to accept that climate change is a more urgent matter (a relatively high discount rate),
substituting biomass for fossil fuels may actually lead to a net increase in atmospheric CO,
emissions. In Figure 3, forest CO, uptake is discounted to such an extent that carbon uptake in
the more distant future is of little value today. As a result, the discounted future uptake of carbon
from the atmosphere is too small to offset the additional increase in CO, emissions when

biomass substitutes for fossil fuels in power production.
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Figure 2: Carbon flux associated with fossil fuel and biomass energy production over time:
greater urgency to address climate change

The change in the cumulative carbon flux (measured in terms of CO,) from substituting
biomass for coal, say, will depend on the relative emissions intensity of the inputs, as well as the
tree species or other type of crop (e.g., straw, hemp). Carbon dioxide released from burning coal
and wood varies greatly by the quality of coal and type of biomass. In terms of energy efficiency,
burning coal to generate electricity dominates burning of biomass, whether the biomass
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originates from hardwoods or softwoods. From Table 1, an average 0.518 tonnes (t) of coal are
required to produce 1.0 MWh of electricity (assuming a heat rate of 10,498 and specified heat
contents for various coal types as indicated). For the most commonly used bituminous coal, only
0.397 t of coal are required per MWh. Although wood species vary by density, all have a heat
content of around 16.00 MMBtu t . As a result, approximately 0.658 t of biomass are required to
produce 1.0 MWh of electricity — nearly two times the amount required for bituminous coal. This
can be translated into emissions intensities as indicated in Table 1. Thus, the average emissions
intensity over all coal types is 1.015 tCO, MWh', compared to 1.170 tCO, MWh' for
hardwoods and 1.242 tCO, MWh™' for softwoods. However, since the majority of the world
employs bituminous and subbituminous coal for power generation, with respective emissions
intensities of 0.940 and 0.953 tCO, MWh™', biomass clearly releases significantly more CO, into
the atmosphere per unit of energy than coal, and even more when compared to natural gas.
Accounting for carbon flux associated with bioenergy is further exacerbated by the fact
that CO, emissions and uptake vary greatly by tree and plant species. To illustrate this point,
consider the CO, intensities of lodgepole pine (pinus contorta) and white spruce (picea
engelmannii) reported in Table 1. Both species emit approximately 1.24 tCO, MWh™', but they
vary greatly in terms of their growth and stand dynamics, which affects the time profile of
carbon sequestration. Thus, if CO, fluxes are weighted as to when they occur, this will impact
the decision as to whether to employ biomass as a substitute for fossil fuels. To highlight the
significance of the carbon neutrality assumption, we illustrate how stand characteristics and
growth functions affect estimates of CO; flux over time, and then how these are impacted by the
perceived urgency to mitigate climate change. We find that one species may be preferred over

another on the basis of its growth.



Table 1: Energy Content and Emission Parameters for Select Coal and Biomass Fuel Types

Input Heat Content*  C Content Density® Fuelused® CO, Intensity’ Fibre Required*
Type (MMBtu/tonne) (%) (kg/m*) (t/MWh) (t/MWh) (m*/MWh)
Coal
Anthracite 30.14 92.0% 0.349 1.177
Bituminous 2648 64.5% 0.397 0.940
Lignite 13.25 34.0% 0.794 0.990
Subbituminous 19.83 49.0% 0.531 0.953
Average 22.43 59.9% 0518 1.015
Biomass
Hardwood
Hickory 15.99 48.5% 817 0.658 1.170 0.805
East. Hophombeam 15.99 48.5% 806 0.658 1.170 0.817
Apple 16.15 48.5% 782 0.652 1.159 0.834
White Oak 16.00 48.5% 758 0.658 1.169 0.868
Sugar Maple 15.96 48.5% 710 0.659 1.173 0.929
Red Oak 15.96 48.5% 710 0.659 1.173 0.929
Beech 15.96 48.5% 710 0.659 1.173 0.929
Yellow Birch 15.98 48.5% 697 0.658 1.171 0.945
White Ash 15.98 48.5% 697 0.658 1.171 0.945
Hackberry 16.00 48.5% 613 0.658 1.169 1.072
Tamarack 16.00 48.5% 613 0.658 1.169 1.072
Paper Birch 15.95 48.5% 600 0.660 1.173 1.099
Cherry 16.01 48.5% 589 0.657 1.169 1.116
Elm 15.96 48.5% 576 0.659 1.172 1.144
Black Ash 15.95 48.5% 565 0.660 1.173 1.168
Red Maple 15.98 48.5% 552 0.659 1.171 1.193
Boselder 15.99 48.5% 528 0.658 1.170 1.246
Average Hardwood 16.01 48.5% 666 0.658 1.170 1.006
Softwood
Jack Pine 16.01 51.5% 504 0.657 1.241 1.304
Norway Pine 16.01 51.5% 504 0.657 1.241 1.304
Hemlock 16.01 51.5% 469 0.657 1.241 1.402
White Spruce 16.01 51.5% 466 0.657 1.241 1412
Lodgepole Pine 15.96 51.5% 438 0.659 1.245 1.505
Aspen 16.04 51.5% 433 0.656 1.239 1.514
White Pine 15.98 51.5% 422 0.659 1.244 1.560
Balsam Fir 15.98 51.5% 422 0.659 1.244 1.560
Cottonwood 16.00 51.5% 398 0.658 1.242 1.652
Basswood 16.00 51.5% 398 0.658 1.242 1.652
Average Softwood 16.00 51.5% 445 0.658 1.242 1.486

Sources: EIA (2013), IEA (2013), IPCC(2006)

Notes: Carbon dioxide emissions are calculated from the carbon content of each fuel input using a factor of (44/12). That is the
atomic weights of carbon dioxide over carbon.

* Based on 20% moisture content (M.C.) of biomass

® Air dry (20% M.C.)

¢ Calculated as (Heat Rate/Heat Content*1,000,000)*2,204.62. A heat rate of 10,498 btu/kWh is assumed (EIA, 2013)

¢ Calculated as (Fuel Used*C Content)*(44/12)

¢ Calculated as (Fuel Used/Density)*1,000

The data used in this study are for a one-hectare (ha) plot, with stand characteristics
consistent with those found in the Prince George forest region of British Columbia, Canada. A

summary of stand characteristics for two tree species (lodgepole pine and white spruce)



considered in this application is provided in Table 2. The BC Ministry of Forests, Lands and
Natural Resource Operations’ (BC Ministry of Forests and Range, 2010) Tipsy version 4.1
software is employed to project the tree basal area (TBA) of the two timber species. TBA is the
cross-sectional area at breast height (BH = 1.3m above ground) used to estimate tree volumes
and stand composition. Model input data for each yield table consist of the species composition,
regeneration delay, site index, operational adjustment factors (to account for gaps, endemic

losses, waste, etc.) and initial density.

Table 2: Summary statistics of landscape and species

Lodgepole pine White spruce
Scientific Name pinus contorta picea engelmannii
Forest Region Prince George Prince George
Forest District Dawson Creek Dawson Creek
Biogeoclimatic Zone BWBS BWBS
Average Slope 10% 10%
Site Index 20 19.6
Stock Height (cm) 13 21
Initial Density 1,600 1,600
Curve Thrower (1994) Goudie (1984)
a 7.6298 9.7494
b 1.3563 1.4660
c 0.8940 1.2870

With the information from Table 2, Tipsy uses the following height-age (site index)

curves for lodgepole pine and white spruce, respectively, to estimate growth:

(1 + e(a—bln(SO—O‘S)—cln(SI—l.3)))

H=13+(S[-13) (1 N e(a—bln(A—O.S)—cln(SI—1.3)))’ (1)

1+ e(a—blnSO—cln(SI-l,3))

H=13+(S-1.3) (
1+

a-bln A-clnlSI- ’ (2)
pla-bind=cl (s1-13))

where H is the average dominant height (m), S/ is the site index (average BH at age 50 years),
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and 4 is the breast-height age (years). The projected volume (m® ha™') of lodgepole pine and
white spruce in the Dawson Creek forest district of Prince George with an initial density of 1,600

trees ha ' is provided in Figure 4.

1000 + 1000 +
900 - 900 -
800 - 800 -
700 - 700 -
Z 600 Z 600
E 500 - E 500 -
= =
(4 =]
Z 200 - > 200 -
100 - 100 -
0 T T T 1 0 T T T 1
0 50 100 150 200 0 50 100 150 200
Years Years
(a) lodgepole pine (pinus contorta) (b) white spruce (picea engelmannii)

Figure 3: Projected volume (m’ ha™') in Dawson Creek forest of Prince George district with
average slope of 10% & initial density of 1,600 trees ha™'

To estimate the amount of CO, removed from the atmosphere, the projected volume was

adjusted using the following calculation:

44
VxDxpox—
! P 12

o2, - , 3)
1000

where CO2; is the amount of CO, sequestered at time ¢ (tCO, ha™'), ¥, is the volume at time ¢
(m’/ha) of the tree variety, D is the density of the tree variety (kg m ), p is the proportion of
carbon by tree species, adjusted by the relative atomic weight of carbon dioxide over carbon, and
divided by 1000 to convert kg to tonnes. The total discounted CO, (7DC) removed from the
atmosphere for these two tree species is calculated as a function of each annual increment of CO,

sequestered, discounted as to when it occurs. Thus,
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IDC - i ( (co2, - COZH))’ @)

(l+ry

=

where 7 is a weight (discount rate) on CO, uptake and release according to when it occurs. A
higher value of » implies there is greater urgency to address climate change, although this implies

that future removals of CO, from the atmosphere are weighted less.

RESULTS

To calculate the change in stored CO, over time, the discounted amount of CO, removed from
the atmosphere is added to the initial release of CO, from burning biomass, which is a negative
flux, and then converted to a per MWh basis (see Table 1). The calculations are provided in
Figure 5 for lodgepole pine and white spruce across a selected range of discount rates. The
release of CO; during energy production is assumed to occur at time ¢ = 0, releasing 1.24 tCO,
MWh™' for lodgepole pine and white spruce, but only 0.94 tCO, MWh™' for bituminous coal.
The change in CO; storage associated with burning biomass for energy production is nonlinear,
as the initial emissions are offset by subsequent sequestration as trees grow, but discounted as to
when this occurs. Again, the CO, cumulative flux associated with burning bituminous coal is
indicated with a flat line as any subsequent carbon uptake or natural decay of CO, in the

atmosphere is assumed to be negligible.
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Figure 1: Projected cumulative carbon flux (tCO;) associated with fossil fuel and biomass
energy production for select climate change urgencies for two tree species

As evident from Figure 5, carbon neutrality occurs at different times in the future for the
two species, but only for a 0% discount rate — that is, only if there is no urgency to address global
warming. For lodgepole pine, it takes 166 years for the CO, released at the time of burning to be
removed from the atmosphere by subsequent tree growth; in contrast, it takes only 95 years for
emissions released when generating electricity from white spruce to become carbon neutral. The
reason for this discrepancy is that white spruce grows faster and has a higher density than
lodgepole pine. When there is greater urgency to prevent global warming so that current
removals of CO, from the atmosphere are weighted more than future removals (which is
equivalent to using higher rates to discount physical carbon), the date at which current CO,
emissions are neutralized occurs much further in the future, if at all. Indeed, if climate change is
deemed to be a quite urgent matter, biomass burning is never carbon neutral, regardless of the
tree species used to offset emissions. In this application, a discount factor of 5 percent is assumed

to represent urgency with respect to mitigating global warming, in which case subsequent
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sequestration of carbon by pine or spruce is insufficient to ever offset the initial carbon deficit
associated with substituting biomass for coal. That is, changes the energy source for generating
electricity from coal to biomass leads to an increase in atmospheric CO;, as opposed to a
reduction as desired by renewable energy policies.

While many native species, such as lodgepole pine and white spruce, take decades to
recover the CO; that is released by burning, there is a trend to use fast-growing species with
short-rotations for bioenergy. In North America, many regions rely on hybrid poplar (Populus
spp.) plantations to meet the growing demand for renewable energy sources, particularly in the
Southeastern United States. Here, hybrid poplar is primarily derived from four species: black
cottonwood (Populus trichocarpa Torr. & Gray), eastern cottonwood (Populus deltoides Bartr.
Ex Marsh.), Japanese poplar (Populus maximowiczii A. Henry) and European black poplar
(Populus nigra L.) (Stanton et al., 2002). How does the urgency to mitigate climate change affect
the CO; flux associated with the use of biomass energy from hybrid poplar plantations? Yields of
hybrid poplar vary substantially (Laureysons et al., 2004), particularly in the US South East
(Devine et al., 2010). Maximum biomass productivity varies with harvest cycles anywhere
between three to eleven years (Sartori and Lal, 2006). As well, hybrid poplar yield is sensitive to
variations in climate and soil characteristics (Traux et al., 2012).

Certain assumptions must be made to simulate the carbon flux associated with biomass
energy production from hybrid poplar. First, an eight-year rotation is assumed for hybrid poplar
grown specifically for bioenergy (Traux et al., 2012). Second, since hybrid poplar is derived
from various species, with cottonwood among the most common, it is assumed that 1.65 m® of
hybrid poplar is required to produce 1 MWh of energy (see Table 1 for consistent). With an

assumed heat content of 16.0 MMBtu tonne™, density of 398 kg/m’, and carbon content of
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51.5%, the resulting emissions intensity of hybrid poplar is assumed to be 1.24 tCO, MWh™".
Finally, although the estimated growth function will inevitably vary by the composition of hybrid
poplar, it is assumed that growth follows a height-age (site index) curve consistent with equation
(2), with site index of 50.1 m (average BH at age 50 years), a = 8.926, b = 1.876, and ¢ = 1.635.
The resulting estimated volume (m’ ha™) of a hybrid plantation with similar site characteristics

as outlined in Table 2 is provided in Figure 6(a).
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Figure 2: Projected cumulative carbon flux associated with fossil fuel and biomass energy
production for select climate change urgencies for two tree species

The discounted carbon flux from hybrid poplar is calculated consistent with equations (3)
and (4), and is depicted in Figure 6(b). The release of CO, during energy production is assumed
to again occur at time ¢ = 0, releasing 1.24 tCO, MWh™' for hybrid poplar and only 0.94 tCO,
MWh' for bituminous coal. Thus, using hybrid poplar for energy purposes similarly relies on
the fact that we count the future uptake of carbon as the plantation re-grows. Using a 0.0%
discount rate (no climate change urgency), the burning and subsequent regrowth of the hybrid
poplar plantation is carbon neutral over the eight-year cycle, resulting in an effective emissions

intensity of 0.0 tCO, MWh . However, if there is some urgency to deal with global warming the
y gency
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plantation fails to re-capture all the released CO, associated with energy production. For a rate of
5.0%, the effective emissions intensity is 0.35 tCO, MWh ', rather than 0.0 tCO, MWh™' for a
carbon neutral input. If there is a great deal of urgency in addressing climate change, as might be
represented by a 20.0% weight, the effective emissions intensity is 0.83 tCO, MWh ', only
slightly lower than 0.94 tCO, MWh™' for bituminous coal. Thus, if global warming is deemed an
urgent matter, coal may be preferred as an energy source over biomass from hybrid popular
plantations, especially if one were to take into account other factors, such as greenhouse gas

emissions from the fertilizers used in plantations of fast-growing tree species.

SUMMARY AND DISCUSSION

The potential benefits of substituting biomass for coal to produce energy might be greatly
exaggerated. Indeed, depending on the source of biomass and the perceived urgency with which
society should mitigate climate change, using biomass to generate electricity might result in
greater warming rather than less.

Neglected in this research has been the CO, emissions related to harvesting, hauling and
processing of timber into pellets, and shipping the pellets to the power plant. The same could be
said about coal, although coal is mined at what essentially amounts to a single point on the
landscape, and then loaded directly onto rail cars or hauled directly by truck to a power plant,
usually with little or no further processing except crushing at the power plant. This contrasts with
forest biomass that is harvested over a large landscape, with logs and sometimes roadside wastes
trucked to processing facilities (Niquidet et al., 2012); logs are processed into lumber and other
valuable products, with residues from these processes made available for energy purposes.
However, the process of converting fibre into wood pellets, torrefied pellets or charcoal for use

in coal plants releases a significant amount of CO,.
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If we consider biomass from agricultural operations, the residues need to be gathered
(harvested), transported and processed, and account needs to be taken of greenhouse gas
emissions related to agrochemicals, primarily fertilizers that are also employed to enhance tree
growth in plantations. The greenhouse gases emitted in the production, harvest and processing of
energy crops often exceeds the reduction in emissions from replacing fossil fuels (Crutzen et al.,
2008).

The production of timber or other energy crops increases land values (Ince et al., 2011,
2012; Moiseyev et al., 2011). This reduces land available for food production, which increases
food prices thus harming the poorest in developing countries the most because they spend a
greater proportion of their income on food. It also incentivizes the conversion of wetlands to
cropland and natural forests to plantations, thereby reducing biodiversity and important
ecological services.

Finally, greater reliance on biomass for energy will increase the demand for wood
residues, increasing their price in competition with wood manufacturers (who produce various
industrial materials from wood residues) and pulp and paper producers (Stennes et al., 2010).
This might make biomass too expensive to burn in power plants. Policies to promote biomass
energy would then reduce economic activity in other wood using sectors (Raunikar et al., 2010;
Johnston and van Kooten, 2014), and increase electricity prices to the detriment of the least well
off (Popp et al., 2011).

While electricity from biomass has merit in some cases, a nostalgic return to the past
might also bring with it energy poverty, which many experienced in the past and an increasing
number today. Misguided policies to increase reliance on wood biomass for energy yield little if

anything in the way of reduced CO, emissions. Surely there must be more sensible alternatives
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for addressing climate change.
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