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Abstract. Biofuels are an important energy source, currently providing about 10% of the world energy
demand, including 2% of global electricity generation and the same share of total liquid fuel consumption.
Wood fuel in Russia is one of the most affordable and most important type of renewable energy resources.
In this paper we study the possible changes in energy potential of Russia's forest resources as a result of
changes in the atmosphere and climate. The estimates of the global dioxide concentrations dynamics and
mean annual air temperature change over the Russian territory for the period up to 2050 are developed using
the MPEI models of the carbon cycle and regional climate. The calculations show that the change of net
primary productivity of forests of Russia as a result of the CO, abundance increase in the atmosphere, as
well as of the increase of the air temperature and rainfall will enhance available energy resources of wood
fuel by mid-century by more than 9 million tons of coal equivalent (Mtce).

1 Introduction

Biofuels are an important source of energy, currently
providing about 10% of the world's total energy demand,
and it is almost the same share that of hydro and nuclear
power combined. Basically it is a type of so-called non-
commercial resources - firewood and agricultural wastes
used as fuel in rural households. However, recently, the
amount of commercial use of bioenergy for heat and
power generation increased (to more than 2% of the total
world electricity generation in 2017), as well as a motor
fuel (to almost 2% of the world liquid fuels consumption
in 2017). In the past fifteen years, the growth rate of
energy production from biomass (about 6% per year)
was nearly five times higher than the average growth
rate of energy consumption in the world.

Biofuels in Russia currently are the basis of
renewable energy sources: in 2015, 90% of renewable
centralized heat and electricity was produced from fuel
wood, agricultural residues and biogas with the
contribution of the latter two fairly negligible (Table 1).
Recalculation of heat and electricity into the primary
energy was made using the average specific fuel
consumption in Russia for thermal power plants (0.326
tce/MWh) and boilers (0.166 tce/Gceal) respectively. The
share of biofuel-based thermal power plants in Russia is
slightly higher than the world average, and amounts to 2-
3% of the total national electricity generation. In some
regions with the developed forest industry (mostly in
North-West of Russia) this share reaches 5-10 %.

The amount of fuelwood used by the households for
heating, cooking and other domestic needs (non-
commercial biofuel) in the last decades is rather stable
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and comprise 4-5 Mtce annually — about a half of total
biofuel consumption.

Table 1. Renewable energy consumption in Russia (Mtce)

Energy source 2000 2005 2010 | 2015
Hydro
(excluding large
HPP) 0.227 | 0.242 ] 0.261 | 0.267
Solar 0.000 | 0.000 | 0.009 | 0.105
Wind 0.001 0.002 | 0.001 | 0.047
Geothermal 0.018 | 0.131 | 0.158 | 0.148
Commercial
biofuels 4.000 | 4.328 | 5.001 5.246
TOTAL 4.246 | 4.703 | 5.429 | 5.813
including
wood fuel | 3.929 | 4.248 | 4.860 | 5.099
agricultural
waste | 0.036 | 0.036 | 0.084 | 0.071
biogas | 0.035 | 0.044 | 0.057 | 0.075
Fuelwood 4.647 | 5.011 | 4.195 | 4.100
Total biofuel 8.647 | 9.339 | 9.196 | 9.346
Including wood | 8.576 | 9.259 | 9.055 | 9.099

Data source: Rosstat

Biofuels, like other renewables, are the modern
alternative to fossil fuel, safe from the standpoint of
human impact on the atmosphere and climate. A handful
of research papers studied the various aspects of the
biological resources use in the energy sector [1-2],
assessing their impact on the global carbon cycle and the
thermal balance of the atmosphere [3-4], explored the
impact of climate change on forest ecosystems [3, 5].
The objectives of the present work is evaluation of the
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changes of the energy potential of forest resources in
Russia related to global changes in the carbon cycle and
the regional climate changes throughout the country. The
immediate goal was to calculate changes in available
wood resources suitable for energy use caused by higher
primary production of forests due to the increase of
carbon dioxide concentration in the atmosphere and
changes in air temperature and precipitation. It is
necessary to say that the energy potential of Russian
forests is immense — each year they produce at least 4
billion tons of organic carbon, or 5 Gtce in terms of
conventional fuel, i.e. five times more than the annual
energy consumption of the country.

2 Wood energy resources in Russia

Forest industry in Russia, like other sectors of the
national economy, has undergone radical changes in
recent decades (Fig. 1). After doubling of logging in the
post-war period (from 150 million m® in 1945 to 350
million cubic meters in the 1960s) there was a 30-year
period of stable high roundwood removals followed by
the sharp decline in the 1990s [6]. Minimum logging was
recorded in 1998, at the level of 100 million m”, starting
a period of steady growth in the amounts of cutoff,
exceeding 200 million m’ in 2017 [1].
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Fig. 1. Forest harvest in Russia: data of Rosstat and [6] for
1910-2017 (1) and scenarios of [7], extrapolated to 2050:
inertial (2), moderate (3) and innovative (4)

Data from various sources on the energy use of wood
in Russia vary widely [1]. Analysis of official materials
of Federal Agency of Forest Resources (Rosleshoz) and
Ministry of Energy causes a strong doubt among forest
industry experts [1-2, 5], arguing that in the last decade
about 40 million m® of wood per year was used as a fuel,
of which about a half constituted firewood for the
population, and the remainder was wood residuals and
waste used in power plants and boilers. According to our
estimates, a sound scale of wood energy use was
significantly higher and no less than 50-60 million m”.

To assess the potential use of wood resources in the
energy sector we used the data on the energy use of
wood harvesting and processing waste and residuals, as
well as the recycling of wooden products in the largest
wood-producing countries (Table 2). The data show that
in these countries about 20-30% of the timber is used as

fuel. This share in Russia currently stands at 10%, for a
forecast assessment we have used 25%.

Table 2. Share of energy use of industrial roundwood

(excluding fuel wood).
Country 2000 2005 2010 2015
USA 0.26 0.27 0.36 0.36
Canada 0.16 0.18 0.22 0.19
Sweden 0.19 0.10 0.28 0.25
Finland 0.20 0.24 0.34 0.24

Data sources: UN, FAO

For wood harvest projection we used intermediate
(moderate) scenario developed jointly by the experts of
FAO and Rosleshoz [7], extrapolated to 2050 (Fig. 2).
Under this scenario, the potential amount of timber
production in Russia by the middle of this century would
reach 380 million m3/year that corresponds to the
average level of cutoffs for the period 1960-1990. Thus,
the energy use of forest resources by 2050 can make 95
million m3. With a conservative estimate of
decentralized firewood production for the households at
20 million m3/year the total amount of wood fuel in
Russia can make about 115 million m3/year, or taking
into account the calorific value of wood 0.266 tce/m3,
about 30 Mtce/year.
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Fig. 2. Commercial energy use of wood in Russia: Rosstat data
for 1992-2017 (1) and scenarios of [5], extrapolated to 2050:
inertial (2), moderate (3) and innovative (4), and historical
fuelwood production (5)

3 Climate change and CO; fertilisation
impact on forest resources in Russia

However, these calculations are valid for constant
climatic conditions. Our planet is passing through a
period of unprecedented on a historical scale changes of
carbon dioxide abundance, the main feeding source of
plants, and temperature-humidity characteristics that
determine the value of primary productivity of forests.

Based on the numerous researches in various natural
ecosystems [8] the reliable dependences of forest net
primary production (carbon deposits in plants) on
climatic parameters were obtained. For the annual ranges
of air temperatures from-5°C to 10°C and precipitation
from 200 to 1000 mm, corresponding to climatic
conditions of forest ecosystems in Russia, the Net
Primary Production (NPP) is increasing by 0.34 t/ha with
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air temperature increase by 1 degree and by 0.07 t/ha
with increasing rainfall by 10 mm/year.

Sensitivity of terrestrial vegetation to changes in the
carbon dioxide concentration in the atmosphere is
estimated by different models in a very wide range from
12% to 76% for doubling of CO, concentrations and on
the average was taken equal to 48% in the IPCC fourth
assessment report twelve years ago [9]. However, the
results of many field tests, including long-term natural
experiments (i.e., FACE - Free-air CO, Enrichment [10])
show a much more moderate effect of fertilization, at the
average of 20-25% [11]. In this paper, we used a
compromise value of 28%, consistent to what we used in
our box-diffusion carbon cycle model with advanced
biosphere wunit [12], which was applied here for
calculations of global changes of the carbon dioxide
concentration in the atmosphere. We used as an input the
scenarios of anthropogenic influence on the atmosphere
[13-14] developed in National Research University
"MPEI", taking into account the commitments of the
UNFCCC parties on the basis of the Paris Agreement
(2015). The results of the global mean atmospheric CO,
concentration calculations for baseline scenario are
presented in Fig. 3. The projected increase of the carbon
dioxide concentration is estimated from 350 ppm in 1990
to 460 ppm at 2050. Due to CO,-fertilization NPP will
increase during this period by approximately 10%.
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Fig. 3. Global atmospheric CO, concentrations change: NOAA
observation data (1) and model calculations according to base
scenario [13] (2)

4 Results and discussion

Changes in air temperature over the Russian territory
are calculated using a regional climate model [15]
combining the principles of dynamic and statistical
modeling. Model estimates of mean annual air
temperature (T,.,) change by the middle of this century
on the territory of Russia corresponding to baseline
scenario of anthropogenic influence on the atmosphere
[13-14] are presented in Fig. 4.

The model simulations show that the more
pronounced T,,, increase (more that 2.5 °C relative to
modern norms of 1971-2010) is anticipated in the
southern parts of European and Asian territories with the
maximum in Southern Siberia. On the most part of
Russian territory the change of T,,, would be in the

limits of 2-2.5°C and only northern-western regions
would face the moderate warming of less than 2.0 °C.

According to our recent study [16] the precipitation
change in Russia in our baseline scenario is estimated as
increasing at 5-10% relative to the modern averages. The
model simulations forecast more humid climate in the
eastern part of the country and in the North-West of
European part (up to 10% increase in the annual
precipitation), less pronounced changes in the central
regions (5-10%) and minor changes (or even some
aridification) in the southern regions of European part.

The results of the calculations of the Russian forests
NPP change by the middle of this century are
summarized in Table 3.

At present the major amount of roundwood (more
that 60% of total) is harvested in the European part of
Russia (including Urals), but the main forest resources
are located in Siberia and Far East (40% and 25%
respectively). We assume, that in the nearest decades this
disproportion will remain due to transportation
problems.

The major changes in NPP due to forthcoming
climate change according to our calculations are
anticipated in the eastern part of Russia (Urals, Siberia
and Far East), where it would increase due to warmer
and wetter climate by 25-30% as compared to the values
of the 1990s. The climate-induced NPP increase in the
European part of the country is estimated at 15-20%,
with the 25% NPP increase averaged for the whole
territory of Russia.

The cumulative effect of climate change and CO,
fertilization is estimated at 25-30% increase in the
European part of Russia and 40-45% for the Asian part,
with the weighted average of 40%. These rather coarse
estimates correspond well to other published results.

The authors of [17], basing on the remote sensing
data of growing season integrated leaf area index for
1982-2009 and factorial simulations with multiple global
ecosystem models, found that climate change has a
dominant positive effect on ecosystems productivity in
high latitudes (60-90°N) of Eurasia — three-fold larger
than the CO,-fertilization effect. Assuming the latter as
10%, the climate induced NPP increase can be estimated
as 30%, that corresponds well to the value of 27% from
Table 3 in the present study.

In [18] a set of simulations to assess the impact of
climate change on global forests where MC2 dynamic
global vegetation model was run with the MIT Integrated
Global System Model-Community Atmosphere Model
results under two emissions scenarios: a business-as-
usual reference scenario analogous to the highest IPCC
RCPS8.5 scenario, and a greenhouse gas mitigation
scenario, called POL3.7, which falls between the IPCC
RCP2.6 and RCP4.5 scenarios and is almost adequate to
our baseline scenario. The ensemble results of modeling
show increase in NPP for Russian forests by 10% at
annual air temperature rise of 2°C, but comparison of
MC2 model output with benchmark dataset for this
region over the historic period of 1983-2012 indicates
that NPP change was underestimated by 45%, so our
estimate of 20% NPP increase at 2-degrees temperature
rise looks realistic.
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Fig. 4. Mean T,,, change in Russia (relative to 1971-2010 base, degrees Centigrade) to 2050 according to base scenario [13]

Table 3. Share in national roundwood harvest 6/ (decadal average 2008-2017), forest resources ¥ and its specific values w, forest
area S, carbon content C and its specific value ¢, forecasted changes in air temperature A7, precipitation AP and net primary production
enhancement SNPP to 2050 (compared to 1971-2010 base) by federal districts of Russia.

W, ONPP

Federal billion S, w, , c AT, | AP, | SNPP SNPP (P), | (T, P,

district Y CUM millionha | CUM/ha | GtC | tC/ha | °C | mm | (T),% % C), %
Central 10.7% 4.0 23 176 2| 722 25 7 18% 1% 31%
North-West 25.8% 10.4 89 118 4] 4841 1.9 9 16% 1% 29%
South 0.4% 0.5 3 167 0] 68.7] 25 4 14% 1% 26%
N. Caucasus 0.1% 0.3 2 163 0] 67.1] 25 2 14% 0% 25%
Volga 15.9% 5.7 38 151 2 619 | 2.3 7 19% 1% 32%
Urals 8.0% 8.1 69 117 3 48.0 | 2.3 10 23% 2% 37%
Siberia 31.3% 33.2 277 120 14 492 | 2.7 10 30% 2% 45%
Far East 7.9% 20.6 295 70 8| 287 23 11 26% 2% 40%
Russia 100.0% 82.8 795 104 34| 48| 24 7.5 25% 2% 40%

These calculations should be adjusted for a possible
increase in forest loss due to the expected spread of
pests and plant diseases, which is estimated to be
around 10% [2, 5]. Thus, in general, assuming the same
areas of wood harvest, the total national wood
production is expected to rise in 2050 by some 30%
compared to the recent decades due to an elevated net
primary production of forests. Consequently, due to
persistent and anticipated climatic changes the available
primary energy wood resources by mid-century would
increase by more than 9 Mtce that considerably exceeds
the climatic impacts on other sectors of energy
production - both negative for thermal and nuclear
power plants (due to expected reduction of thermal
cycle efficiency, which will result in additional fuel
consumption of 4.3 Mtce/year [19]), and positive for

Data sources: Rosstat, this study

hydropower generation (probable growth up to 4%, or
7-8 TWh/year, which is equivalent to the reduction of
fossil fuel consumption by 2.5 Mtce/year [16, 19]).

The estimates of additional timber production in
Russia caused by the climate change and CO, increase
are confirmed by the other published studies.

In the paper [20] the long-term effects of potential
CO, fertilization on the global forest sector using the
Global Forest Products Model without taking into
account the temperature and precipitation effects are
assessed. For Europe and Asia the increase in industrial
roundwood production due to CO, atmospheric
concentration increase by 100 ppm (using IPCC B2
scenario for the period 2011-2065) was estimated as 6%
and 7.7% respectively, that is of the same order as the
estimate of present study.
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Our estimate of NPP increase of 30% between 1990-
2050 (taking into account forest losses) is quite
consistent to the range of 10-30% for the observations
0f 1960-2010 [21].

This paper concerns only natural aspects of future
wood energy use. As for technical and economical
solutions, recent studies [22-23] stated that the current
energy policies need to be examined before biomass is
implemented on a larger scale to incorporate proper
infrastructure, to assess the governmental support and to
encourage partnership between wood industry and
power producers.

This study used data obtained from Russian Federal
Agency of Statistics (Rosstat, www.gks.ru), Russian
Federal Agency of Forest Resources (Rosleshoz,
www.rosleshoz.gov.ru), UN Food and Agricultural
Organization (FAO, www.faostat.org), International
Energy Agency (IEA, www.iea.org), British Petroleum
(www.bp.org), National Ocean and Atmospheric
Administration (NOAA, www.noaa.gov).
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