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Abstract. Scots pine (Pinus Sylvestris) is a very popular tree species in
north-eastern Poland. Pines are frequently encountered in allotment
gardens in the proximity of residential buildings. Pine biomass should not
be composted because the produced humus has acidifying properties. For
this reason, the management of pine waste biomass poses a problem. The
article proposes a solution for managing pine waste biomass for heat
generation. In the study, pine waste biomass was composed of needles,
cones and dry branches. The biomass potential of Scots pine was
determined. Waste biomass was harvested in spring when most allotment
gardens are cleared after winter. The biomass yield of several trees was
determined (in kg and dm®), and the average yield per tree was calculated.
The average proportions of different biomass fractions in mixed waste
biomass were also determined. The specific heat of different biomass
fractions (needles, branches, cones) was determined for two scenarios. In
the first scenario, waste biomass was harvested during a prolonged dry
spell, and in the second scenario, waste biomass was harvested
immediately after rainfall. The energy potential of waste biomass was
determined. The harvested biomass was burned in an open fireplace in a
cottage with an area of 48 m2. The time required to burn 10 m2 of biomass
and the resulting increase in indoor temperature were measured. The
environmental impact of burning Scots pine biomass was determined.

1 Introduction

Scots (Pinus Sylvestris) is a common tree species that makes up around 66% of forest
stands in Poland [1, 2]. It is encountered in forests as well as in residential areas and
gardens as an ornamental tree [3, 4]. Scots pine is a rapidly growing tree species with a high
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annual growth rate [5]. This taxon produces substantial amounts of waste biomass [6]
throughout the year, including needles, cones and dry twigs [7, 8]. Biomass management
poses a considerable problem in spring when property owners clear their gardens and yards.
Large amounts of waste biomass are deposited under trees and have to be raked up. Scots
pine biomass should not be composted because it is degraded at a slower rate than other
types of biological waste, and the resulting compost (humus) has soil-acidifying properties
[9, 10]. For this reason, pine compost should not be used as fertilizer or organic substrate
for ornamental plants and crops. The only exceptions are acid-loving plants such as
blueberries and rhododendrons [11]. Therefore, biomass management poses a problem in
gardens and plots that are overgrown with pines. However, pine biomass can be used for
energy generation [12, 13]. Pine biomass is composed of small particles with relatively high
density and low weight; therefore, the collection and loading of pine biomass to a boiler
(fireplace/furnace) can be problematic [14]. Despite the above, large amounts of pine
biomass are collected each year during garden cleanup in spring. The use of pine waste
biomass for energy production has two benefits: biomass burning generates heat, and the
resulting ash constitutes high-quality fertilizer that can be added to other types of
composted biological waste [15, 16, 17].

2 Aim and scope of the study

The aim of this study was to test various methods for the effective management of Scots
pine biomass for energy generation.

The study had the following limitations:

- the proposed solution should be as simple as possible, it should not require additional
equipment or technological processes, and it should be easy to apply in practice;

- the proposed solution should be environmentally-friendly.

The following research tasks were performed during the study:
1. The average quantity of waste biomass produced by one Scots pine in spring was

determined;

2. The proportions of different fractions of Scots pine waste biomass were
determined;

3. The specific heat capacity of different fractions of dry and wet biomass was
calculated;

4. The harvested biomass was burned in a fireplace to heat a building.

3 Methods

The waste biomass produced by five Scots pine trees aged around 30 years, with an
average height of 10 m, was collected. One of the trees is presented in Figure 1. The
experiment was conducted on 8 April 2019, and the quantity of harvested biomass is given
in Table 1. The experiment was preceded by three weeks without precipitation, and the
obtained biomass was dry (Fig. 2). Wet biomass was harvested on 27 May 2019 after four
days of heavy rainfall. Wet biomass was obtained by spreading the previously collected dry
biomass on clean ground to prevent contamination with grass and plant matter. Dry
biomass was left on the ground on rainy days, and the resulting wet biomass was collected
with the use of standard methods.
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Fig. 1. One of the pines.

Table 1. Quantity of harvested Scots pine biomass.

vcE);ILljlrI;e Weight deBrhjsliliy
Tree [dm3] [ka] [kg! m3]
1 60 3.86 64.33
2 70 4.46 63.71
3 60 3.78 63.00
4 55 3.48 63.27
5 180 11.68 64.89
Total 425 27.26 64.14
Average per tree 85 5.452

Fig. 2. The collected biomass waste



E3S Web of Conferences 154, 01006 (2020) https://doi.org/10.1051/e3sconf/202015401006
ICoRES 2019

The proportions of different fractions (needles, cones, twigs) were determined in five
random samples of dry biomass with identical weight. The results were used to determine
the average content of each biomass fraction (Table 2). Average standard deviation was
calculated in Student’s t-test based on the arithmetic mean at the significance level of 0.95.
The results are presented in Table 2. Biomass was weighed on the TP60/1 weighing scale
with a maximum load of 60 kg and 20 g readability.

Table 2. Average content of biomass fractions.

Biomass fractions
Total
weight Needles Cones Twigsup to 5 mm in
diameter
Sample [g] [g] % [g] % [] %
No.
1 580 320 55.2 200 34.5 60 10.3
2 620 340 54.8 220 355 60 9.7
3 660 380 57.6 240 36.4 40 6.1
4 600 300 50.0 220 36.7 80 13.3
5 620 320 51.6 260 41.9 40 6.5
Average 53.8+3.5 37.0+£3.3 9.243.5

4 Analyses and calculations

In the following stage of the study, pine waste biomass was used to heat a building.
Initial air temperature was 15°C — measured with HTU21D. A total of 140 liters (9.12 kg)
of dry biomass composed of all harvested fractions was burned. The trial was conducted in
an open fireplace in a room with an area of 31.5 m? and cubic capacity of 66.15 m?. The
combustion process proceeded without complications, and very small amounts of smoke
were produced (burned biomass had low moisture content).

The temperature inside the room increased by 18°C after 5 hours of biomass burning.
Air humidity was determined at 55% with a hygrometer (HTU21D), and the quantity of
heat transferred to air was calculated with the use of formulas 1-3.

Air humidity was calculated in kilograms of H>O per kilogram of dry air with the use
of formula (1):

X =0622- 224 |

kgH:O]
P—gPys

kg PS )
where:

X — air humidity [kgH,O kg of Dry Air''];

@ — relative air humidity [-];

P — atmospheric pressure [Pa];

P45 — partial pressure of water vapor [Pa].
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The enthalpy of humid air was determined with formula (2):
i=cg-t+(cy-t+m) X[kl -kg™1] )

where:
t — air temperature [°C];
cg — specific heat of dry air [kJ kg " K™'];
c4 — specific heat of water vapor [kJ kg K™!'];
ro — heat of vaporization — determined by air temperature [kJ-kg™].

The calculations were performed for constant air volume and constant air pressure. It
was assumed that heat losses and solar heat gains were negligible. The amount of generated
heat was calculated with the use of formula (3):

Q=V-p-Ai=V-py-iy—V-psris[K]] 3)

where:
QO — heat transferred to air during biomass combustion [kJ];
Ai — difference in air enthalpy before and after biomass combustion [kJ-kg™];
V —volume [m?];
p1 and p; — air density before and after biomass combustion [m*kg™'];

Temperature, atmospheric pressure and relative humidity were determined. Air
density, heat of vaporization and partial pressure of water vapor are influenced by air
temperature; therefore, the respective values were obtained from thermodynamic tables for
the measured indoor temperature. The specific heat of dry air ¢z was adopted at 1.006
[kJ'kg!-K!], and the specific heat of water vapor c4 — at 1.862 [kJ-kg!"K™"].

0=451.7 [kJ]

Outdoor temperature was equivalent to the initial temperature (15°C); therefore, it
was assumed that the loss of heat from the building to the environment and other unheated
premises was negligible.

5 Results and Discussion

The combustion trial involved 9.12 kg of biomass. The total amount of generated heat
was calculated based on the average content of different biomass fractions and the
calculated heating value. The total heat output was determined at Q. = 185 MJ. The energy
efficiency of the fireplace where the combustion trial was performed was determined with
formula (4):

451.7
Q = ———=0.2x1073

n=—
Q. 185000 @

Energy conversion efficiency was very low, which can be attributed to several factors:

1. The loss of heat to the environment and unheated/heated premises in the building
was not taken into account in the calculations;
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2. The heat capacity of structural partitions in the building (such as walls) was not
taken into account in the calculations;

3. Energy conversion efficiency was determined based on specific heat, and it
reflects the overall efficiency of the combustion process. The energy efficiency of
a heating device should be calculated based on the calorific value of burned fuel,
which is lower that specific heat.

Biomass combustion produced 2.88 kg of ash. Non-combustible residues accounted
for approximately 31% of burned biomass on a dry weight basis. One kilogram of the
collected ash was added to the compost bin, and the remainder was used to fertilize fruit
bushes.

6 Conclusions

A total of 27.3 kg of dry Scots pine biomass, including needles, cones and twigs, was
harvested for the needs of the study (all waste biomass was collected). Based on the
calculated heating value, the potential heat output of pine biomass was determined at
557 MJ of heat, which is equivalent to 22 kg of coal with a calorific value of 26 MJ-kg™.

The following conclusions can be drawn from the study:
oDry pine biomass can be used for energy generation:

o The moisture content of biomass harvested after a three-week dry spell
was below 15% in all fractions;

o The heat output of burned biomass was equivalent to that of approximately
22 kg of coal. Coal can be replaced with waste biomass to heat buildings
and decrease carbon dioxide emissions;

o Biomass harvested after a wet spell is characterized by high moisture
content and is not suitable for energy generation immediately after
collection;

ePine biomass can be burned to create additional space in compost bins and prolong
the period between bin emptying. The resulting compost will not be acidified with
pine biomass;

eEach method of managing pine waste biomass on site contributes to the achievement
of zero waste goals:

o it is more environmentally friendly than biomass landfilling;

o it is more environmentally friendly than biomass disposal as organic waste
because it reduces the consumption of primary energy associated with
biomass transport to conventional landfills and composting plants.

Further research is required to analyze the chemical composition of ash and to
determine the optimal method of drying biomass collected in a wet state for energy
generation purposes.
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