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Biomass production and carbon balance of a short rotation forestry
of Populus deltoides (clone Lux) under two different cutting cycles
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SUMMARY

The emissions of green house gases contribute to global warming. Consequently, renewable energies such as solar, wind power,
hydropower and bio energy appear as alternatives for reducing these emissions. One promising source of renewable energy is forest
biomass, for it is considered to have neutral CO, balance. The problem is to quantify the amount of CO, that is emitted for a certain
amount of energy generated, compared to the CO, emitted to generate the same amount of energy from a non-renewable source. In
this paper we calculate biomass production and carbon dioxide balance of an eight-year-old Populus deltoides short rotation forestry
(SRF) under two cutting cycles (harvesting every two years, biennial and every three years, triennial). We also compare the amount of
energy generated per kg of CO, emitted in the use of fossil fuels versus the amount of energy generated per kilogram of CO, emitted.
On the one hand, total biomass yield was 12.6 + 0.9 Mg ha' year' and 15.1 = 1.5 Mg ha' year' for biennial and triennial cutting
cycles respectively. On the other hand, total emissions of CO, for growing a poplar SRF with a cycle of eight year and biennial cutting
sequence reached a value of 738.8 kg ha'! year!; however, triennial short total emissions are equivalent to 695.5 kg ha! year!. We
concluded that the use of biomass makes a positive contribution to the reduction of greenhouse gases, in particular CO,, reducing
emissions almost five times compared with fossil fuels.

Key words: carbon dioxide balance, Populus, short rotation forestry, biomass production.

RESUMEN

Las emisiones de gases de efecto invernadero contribuyen al calentamiento global. En esta situacion, las energias renovables como
la solar, eolica, hidroeléctrica y biomasa, aparecen como una alternativa para reducir estas emisiones. Una prometedora fuente de
energia renovable es la biomasa, considerada con un balance de CO, neutro. El problema es cuantificar el CO, emitido para una
cierta cantidad de energia generada, en comparacion con el CO, emitido para generar la misma cantidad de energia de una fuente
no renovable. En este trabajo se calcul6 la produccion de biomasa y el balance de CO, en una rotacion de ocho afios de edad de
Populus deltoides bajo dos ciclos de corte (bienal y trienal). También se compard la cantidad de energia generada por kilogramo de
CO, emitido en el uso de combustibles fosiles frente a la cantidad de energia generada por kilogramo de CO, emitido en el uso de
biomasa como energia. El rendimiento total de la biomasa fue de 12,6 + 0,9 Mg ha! afio! y 15,1 £ 1,5 Mg ha! afio! para los ciclos
bienal y trienal respectivamente. Las emisiones totales de CO, fueron de 738,8 kg ha™ afio y 695,5 kg ha™! afio™! para los ciclos bienal
y trienal, respectivamente. Se concluy6 que el uso de biomasa constituye una contribucion positiva a la reduccion de gases de efecto
invernadero, en particular CO,, reduciendo las emisiones casi cinco veces en comparacion con combustibles fosiles.

Palabras clave: balance de dioxido de carbono, Populus, ciclos cortos de rotacion, produccion de biomasa.

INTRODUCTION gy in developed and developing countries (Tlili 2015). The
main risk from the growing pressure exerted by mankind

During the last years the strong growth of population  on the use of energy resources (i.e. oil, gas, coal) is repre-
globally recorded has resulted in a growing need for ener-  sented not only because they are finite resources, but also
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for the impact on the environment caused by the use of the-
se resources (ENEA 1999). In fact, the use of fossil fuels,
such as gas, produces carbon dioxide (CO,); which, in cer-
tain concentrations, is considered as one of the main causes
of the greenhouse effect, which is the basis of global war-
ming and climate change (IPCC 2006). As the atmospheric
concentration of CO, grows, there is an increasing interest
in restraining this growth to minimize potential impacts on
the global climate (West and Marland 2002). One of the
most promising alternatives for reducing CO, emissions is
the production of biomass energy, specifically lignocellu-
losic crops that can be used to produce heat and electricity
through direct combustion, or biofuel or biogas production
through pyrolysis and gasification (Mantineo et al. 2009).
Biomass energy, both lignocellulosic and herbaceous, is
presented as a sustainable and environmentally friendly
source of an alternative energy; in fact the production of
energy from renewable sources has a limited environmen-
tal impact. In particular, the contribution to the greenhouse
effect is extremely small: CO, emissions related to the sta-
ges of conversion processes are almost completely balan-
ced by the CO, consumption required for the growth of the
biomass used as an energy source (Cannell 2002).

One of the main problems associated with the introduc-
tion of alternative crops for energy production is to assess
the long-term sustainability of these crops. For this purpo-
se, CO, balances, energy balance and water use efficiency,
among others, may represent an optimal tool for sustainabi-
lity assessment in particular for the energy crops cultivation
system, which has to ensure a reduction in CO, emissions,
compared to the use of fossil fuels, i.e., positive CO, balance.

Regarding the above mentioned, CO, balance has been
widely used (Lewandowski et al. 1995, Cannell 2002, Kaur
2002, Hoosbeek et al. 2006) and it estimates the emissions
generated in the whole crop production cycle compared with
the CO, fixed by the plant during its growth. CO, balance
takes into account all the issues arising from the implemen-
tation of the different forestry operations; considering not
only the emissions produced during the combustion of bio-
mass, but also the emissions generated in input productions
(fertilizers, herbicides, etc.). For example, Dornburg et al.
(2005), for a poplar SRF held in Poland and the Netherlands
with fertilization every four years, obtained CO, emission
values, in the production phase of the crop, in a range of
1,170-1,660 kg ha' year'. The results in this study demons-
trate to be consistent with most of the available data, which
indicates a strong relationship between the cutting cycle and
the productivity of the stand (Deckmyn et al. 2004). The
objective is to estimate the eventual reduction of CO, emis-
sions through the energy production from biomass compa-
red to the same amount of energy produced from fossil fuel.

This paper hypothesizes that the CO, balance in an
eight-year-old Populus deltoides Marshall (clone Lux)
short rotation forestry under two cutting cycles is negati-
ve, ie. the CO, fixed by the plants is higher than the CO,
emitted in the entire production process.
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METHODS

Study area. The study was conducted at the Centro di Ri-
cerche Agro-ambientali (CIRAA) Enrico Avanzi at Pisa
University (Italy). The experimental field is situated in San
Piero a Grado, 43°40° N, 10°21” E at 5 m above sea level
and 5 km far from the sea. The soil was a Xerofluvent (clay
20.1 %, silt 40.5 %, sand 39.4 %), typical of the lower
River Arno, which is an alluvial plain characterized by a
superficial water table (1.8 m deep in the driest conditions)
and good nutrient availability (organic matter 1.8 %, total
nitrogen content 1.3 g kg!, available phosphorus 8.8 mg
kg and exchangeable potassium 128.3 mg kg™).

The average climate conditions of the site during the
trial are shown in figure 1. During the experimental period
(from 2000 to 2008), a considerable variability in rainfall
was observed from year to year with a mean annual rain-
fall of approximately 750 mm (from 655 to 936 mm).

Experimental setup. The experiment began in the year
2000 planting 10,000 plants per hectare; it was conducted
in two plots of 5,000 m?each. In 2002 both plots were har-
vested and it was in that year when two cutting cycles were
chosen (biennial T2, and triennial T3). Each cutting cycle
was represented in an individual plot, being each plot the
basis for future comparisons. T2 was harvested in 2002,
2004, 2006 and 2008 and T3 was harvested in 2002, 2005
and 2008 (Cabrera et al. 2014). The soil was prepared
ahead the planting season (October 1999) by deep plowing
(50 cm), followed by sub soiling with ridge and plow.
Then a pre-planting herbicide (Pendimentalin Click® 50,
3L ha') and a fertilization using 600 kg ha'of a generic
8-24-24 fertilizer was applied. In the year 2000 we planted
20 cm long uprooted P. deltoides (clone Lux) cuttings. The
plant density was equivalent to 10,000 plants ha™' and the
planting design was 2m x 0.5m. In 2002, the first harvest
was made in both plots. The biennial (T2) was harvested
in 2002, 2004, 2006 and 2008 and the triennial (T3) in
2002, 2005 and 2008; always at the end of February befo-
re the vegetative regrowth. To harvest, a harvesting took-
loader-chipper, as well as a trailer carried by a tractor for
the collection of chipped material, was used. After each
harvest, supplementary fertilization applying 100 kg ha'!
of nitrogen supplied as urea was applied.

At the end of the experiment (i.e. year 2008) the soil
was recovered by removing the stumps with stump cutter
and making a deep plowing and sub soiling. We used va-
rious types of tractors depending on the operation to per-
form: 132 kW of power for plowing and harvesting, 73 kW
to sub soiling and 48 kW for all the other operations.

Biomass production. At every harvest, the fresh above-
ground biomass of the whole plant was assessed. Data
were sampled in five transects (5m long, 10 plants) per
plot, which were always located within the three central
rows of the plot. Biomass samples of each plot were oven
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Figure 1. Climate conditions at the field experimental station. T _: maximum temperature; T . : minimum temperature; T : medium

temperature.

Condiciones climaticas en el sitio de experimentacion. T : temperatura méxima, T, : Temperatura minima; T __: temperatura media.

dried at 105 °C (to constant mass) and the dry matter con-
tent was determined. Total biomass was calculated by
multiplying the average dry weight of the plants of each
transects by the plantation density. Average biomass per
hectare for each cutting cycle was calculated by averaging
the biomass yield in each harvest by the eight years of the
trail duration. For dry weight, a Student’s t-test was used
to compare means under different treatments.

CO, balance. This study considered CO, emissions rela-
ting to the operations required to grow poplar short rota-
tion forestry and turn harvested biomass into usable solid
biofuel (woody chip) in the field. Post processing and the
conversion of woodchips were excluded from the analysis.
The propagation material CO, emissions were considered
negligible.

The calculation of CO, balance begins with the calcu-
lation of the emissions for the different operations made to
the soil and to the crop, starting with fuel and lubricant that
characterizes each of these operations. Specific consump-
tion for each of the farming operations were obtained from
Bonarietal. (1999), forthe same types of operations (table 1)
in the same areas. Regarding harvesting, the data have
been determined directly during the development of the
experiment. The CO, emissions generated by the inputs
(fuel, lubricants, fertilizers, herbicides, etc.) were calcula-
ted using coefficients found in literature (table 2).

To compare the CO, emissions generated with the po-
tential energy obtainable from biomass, the energy output
was determined subsequently by multiplying the dry mat-

ter yield by the calorific value of the plant material that is
considered 18 MJ kg according to Cabrera (2009) and it
is in the range of the most recent literature (Carmona ef al.
2015). Thus, we are able to calculate the quantity of energy
for every CO, kg emitted.

Table 1. Fuel and oil consumption of different agricultural opera-
tions and its related CO, emissions (Bonari et al. 1999).

Consumo de diesel, aceite y emisiones de CO, de diferentes
operaciones agricolas (Bonari e al. 1999).

Consumption
Operation Diese_l Lubric;imt CO, emis_sions
(kgha')  (kgha') (kg ha)

g%efrﬁic’wmg 65.0 0.36 2072
Subsoiling 14.6 0.04 46.5
Plow 50.0 0.20 180.4
Herbicide 7.0 0.05 223
Fertilize 7.8 0.02 249
Planting 18.7 0.04 59.6
Harvest T2 51.0 0.35 162.6

T3 80.0 0.45 255
Stump cutter 6.2 0.03 19.8
Subsoiling 14.6 0.04 46.4
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Table 2. Conversion factors for CO, emissions of different inputs.

Factores de conversion en CO, de diferentes inputs.

Conversion factor

Inputs (ke ke') Reference
Fuel 3.19 IPCC (2006)
Lubricant 2.95 IPCC (2006)
N 3.15 West and Marland (2002)
P,0; 6.04 West and Marland (2002)
K,0 4.39 West and Marland (2002)
Herbicide 15.92 West and Marland (2002)
RESULTS

Biomass production. The annual average production in
the study of the complete cycle of P. deltoides clone Lux
differs among treatments, being T3 the most productive
cutting cycle (figure 2 and table 3).

Lower yields in the period 2004-2006 may be because
rainfall in that period was lower than the average rainfall.

CO, balance. The calculation of CO, emissions for the po-
plar cultivation with biennial and triennial cutting cycles
has been made considering all the emissions involved from
planting to harvesting. Total emissions of CO, for growing
a poplar SRF with a cycle of eight years and biennial cut-
ting cycle reach a value of 5,910.4 kg ha'', equivalent to
738.8 kg ha' year'; whereas, for a triennial cutting cycle
in a cycle of eight years, the value reached was 5,564.3 kg
ha!, equivalent to 695.5 kg ha' year'. From these results it
can be said that growing poplar biomass with triennial cut-
ting cycles involves lower CO, emissions compared with
growing biomass with biennial cutting cycles.

Considering the yield and the potential energy genera-
ted by the biomass, it can be said that the energy produced
is 224.1 MJ kg of CO, and 297.6 MJ kg of CO,, respec-
tively for T2 and T3, being T3 the most energy productive
cutting cycle.

DISCUSSION

This long-term trial revealed that different harvesting
cycles can affect parameters such as biomass yield and
carbon balance. The results in this study demonstrate to be
consistent with most of the available data, which indicate
a strong relationship between the cutting cycle and the pro-
ductivity of the stand (Deckmyn et al. 2004). In fact, for
biannual cutting cycles Rafaschieri et al. (1999) obtained
variable yields between 16 and 20 Mg ha! year! while for
short cutting cycles varying between three and five years,
Kauter ef al. (2003) using Populus sp., obtained between
10 and 12 Mg ha'! year'yield.
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Figure 2. Populus deltoides clone Lux, biomass production du-
ring the period 2000-2008.

Produccion de biomasa en el cultivo de Populus deltoides
clon Lux en el periodo 2000-2008.

In our case, CO, emissions resulting from the imple-
mentation of the various farming operations are minor and
contribute in reducing the greenhouse effect caused by
the production of energy with other non-renewable fossil
fuels. The results of this study can be compared with tho-
se obtained by Dornburg et al. (2005) for a poplar SRF
held in Poland and the Netherlands with fertilization every
four years, obtaining values of CO, emissions in a range of
1,170 - 1,660 kg ha! year!. In another study, Bacenetti and
Fiala (2011), in a poplar SRF in northern Italy with two-
year cutting cycle and 18 Mg ha'! year! yields, calculated
emissions equivalents to 1,179 kg ha' year" of CO,; which
is consistent with those results obtained in this study.

From the analyses of the different cutting cycles for a
poplar SRF emerges that taking longer cutting cycles con-
sents lower emissions compared with shorter cycles. Com-
paring these results with others reported by Dubuisson and
Sintzoff (1998), it can be shown that depending on the le-
vel of intensification, values regarding CO, emissions vary
from 101-160 MJ kg' of CO,. Whereas the results repor-
ted by Matthews (2001) showed mean values of 209.8 MJ
kg of CO,. In the latter study, the calculation of overall
energy and carbon budgets required a set of ‘standard’ as-
sumptions about practices and resultant energy inputs to
be made. These standard assumptions accounted for all
activities involved in production and delivery of biofuel
within the immediate vicinity of the farm (3.2 km). The
carbon emissions coefficient exhibited similar sensitivity
to input assumptions (Matthews 2001).

Depending on the limits analyzed in the cropping sys-
tem, emissions will be higher or lower. What is clear is that
there is a significant reduction in emissions when produ-
cing the same amount of energy with a renewable energy
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Table 3. Harvest number, average dry yield (+SD), CO, emissions and energy produced by poplar SRF for each harvesting cycle (T2 and
T3, biennial and triennial cutting cycle, respectively). In the same column different letters stand for significant differences (P < 0.05).

Numero de cosechas, produccion media de biomasa seca (5D), emisiones de CO, y energia producida para el cultivo de dlamo en cada ciclo
de corta (T2 y T3, corta bienal y trienal respectivamente). En la misma columna, letras diferentes implican diferencias significativas (P < 0,05).

Parameters
Treatment Harvest Average dry yield CO, emissions Energy produced
number (Mg ha! year ) (kg ha! year ) (MJ ha! year ')
T2 3 92+09b 738.8 165.6
T3 4 11.5+15a 695.5 207.0

source instead of fossil energy source. To quantify the be-
nefits of renewable energy biomass derived from a poplar
SRF with biennial and triennial cutting cycles, we have
compared the amounts of CO, emitted by the system under
study with the amounts released with the use of fossil fuels
(table 4). Analyzing table 4, it can be seen how the energy
produced per kilogram of CO, emitted is much higher in
poplar biomass production as an energy source than in the
use of any other source of fossil energy. Energy produc-
tion from biomass is more sustainable, in terms of CO,
emissions, than the use of fossil energy. These results are
similar to those obtained by Sevigne et al. (2015) in poplar
short rotation forestry in Girona (Spain).

CONCLUSIONS

The poplar SRC is one of the most promising woody
species that can be grown in a Mediterranean climate. The
study shows that the energy production obtained is higher
than the energy needed for the whole productive process,

Table 4. Energy (MJ) produced per kilogram of CO, emitted
from different energy sources and for a poplar SRF with biennial
(T2) and triennial (T3) cutting cycles.

Energia producida por cada kilogramo de CO, emitido por dife-

rentes fuentes de energia y para el cultivo de alamo con fines energéticos
con turnos de corta bienal (T2) y trienal (T3).

MJ produced for
Energy source COZ kg emitted Reference
T 224.1 This study
T3 297.6 This study
U.S. Department of
Coal 73.3 Energy 2013
) U.S. Department of
Gasoline motor 54.5 Energy 2013
U.S. Department of
Natural gas 72.9 Energy 2013
U.S. Department of
Kerosene 53.5 Energy 2013

considering that the clone used is not specific for biomass
production. On the other hand, generated CO, emissions
are low, especially when compared to the emissions gene-
rated to produce energy from other fossils energy sources,
reducing emissions almost five times. Furthermore, the use
of renewable sources of energy contributes in mitigating
the CO, emissions. Another essential point result suggests
that producing energy from poplar biomass can be a sustai-
nable alternative in terms of carbon balance.

As it can be seen, it can be concluded that the use of
biomass makes a positive contribution to the reduction of
greenhouse gases, in particular CO,. Finally, the methodo-
logy used for calculating the carbon balance can be very
useful if applied to any other energy crop.
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