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Abstract. Production of pellets requires herbaceous biomass with low moisture and ash content, good
combustion ability and ash melting temperature ensuring high-quality performance of the boiler. The research
aims at analysing various parameters of reed canary grass (Phalaris arundinacea L.) biomass depending on the
harvest (spring and autumn) and determining their suitability for the heat production in Latvia. Moisture and ash
content was found out, as well as the highest and the lowest calorific values and ash melting temperatures within
various phases. The average moisture indicators of reed canary grass spring harvest comprised 9.85 % and 17 %
of fall harvest. Spring-harvest reed canary grass biomass ash content accounted for 3.10 %, whereas in the
autumn harvest — 4.65 %. The highest and the lowest calorific value of spring-harvest reed canary grass biomass
constituted 18.42 MJ-kg" and 15.27 MIJ-kg", respectively, while of the fall harvest - 15.24 MJ-kg" and
13.82 MJ-kg'', correspondingly. Ash melting temperature at the beginning of the deformation phase on average
reaches 1170 °C for the spring-harvest reed canary grass biomass and 1295 °C for the autumn biomass. Acquired
results show that reed canary grass biomass harvested in spring is more suitable for the heat production, as
compared to autumn samples. Whereas ash melting temperatures are slightly higher for fall-harvest samples, still
samples harvested in spring are suitable for heat production.
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Introduction

In 2008, the European Union ambitiously committed to increase the proportion of renewable
energy up to 20 % of total energy consumption by 2020 [1]. The necessary growth of bioenergy will
mainly come from forestry, but field crops will also be needed to reach the target. Biomass harvested
from fields consists of residues (straw, tops etc.) and specifically cultivated crops (e.g., miscanthus,
poplar, willow, reed canary grass (henceforth RCG), rapeseed, maize) [2-5].

Due to the changing climate and population living conditions and habits, agriculture remains one
of the most important sectors of the economy in many countries; however, the approach to farming
and plant use is undergoing changes as well. It is believed that sustainable plant use is one of the ways
to develop bioenergy production [5].

Lemus and Lal [6] review states that bioenergy production from energy crops will result in a
reduction of greenhouse gas emissions. Perennials have several environmental and energy advantages
as compared to annual plants: lower fertilizer and pesticide requirements, nutrients are used more
efficiently, soil carbon is better protected, concentration of greenhouse gases is reduced, and
biodiversity is increased. Perennial grasses are one of the most perspective plants for bioenergy
production; though, their development and growth differ between the various climates, therefore the
feasibility of their cultivation in the Northern part of middle latitudes is still not clear. The main aspect
that should be focused in respect to the growing of energy crops is the biomass productivity.

One of the most topical agricultural problems in Latvia is harvesting of high-quality perennial
grass plants having particular chemical content that would allow using them as solid fuel (pellets,
briquettes).

Various scientists [7-13] suggest growing perennial herbaceous energy crop — RCG as potential
energy source.

Within the territory of Latvia, RCG biomass is regarded as one of the alternative sources for the
production of pellets. This grass plant is characteristic with its stability under local climatic conditions
and high biomass yield. Several researches [2; 8; 14-17] conducted prior show that RCG is suitable for
growing under the climatic conditions of Northern Europe, as well as it is perennial (8-15 years).

The research aims at analysing various parameters of RCG biomass depending on the harvest
(spring and autumn) and determining their suitability for heat production in Latvia. When evaluating
the use of RCG biomass for the heat production we should characterise the main problems arising

521



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 23.-24.05.2013.

during combustion process that are related with moisture content, thermal capacity and ash melting
temperature of both autumn and spring yield.

To ensure that dry matter of the RCG biomass meets the production requirements, researchers
[18-20] suggest mowing RCG in early spring (March — May), because biomass obtained during this
time period does not have to be dried, as it has low moisture content 10-15 %, lower ash content, as
well as chemicals, which reduce fuel combustion and ash melting temperatures as well as cause
corrosion, are leached during the winter.

Combustion ability is the main parameter of fuel determining its efficiency [21]. The combustion
process generates water vapour, and certain techniques may be used to recover the quantity of heat
contained in this water vapour by condensing it. Moisture affects the combustion efficiency negatively
[22], and the moisture content should be as low as possible. Agricultural residues typically have high
moisture content and calorific values different from wood [23]. The moisture content of chipped wood
that has been air dried for several weeks varies between 10 % and 20 %, whereas in agricultural
biomass, depending on the type of feedstock, it ranges between 50 % and 85 % [24]. A moisture
content of about 12 % is acceptable in biomass fuels used for combustion, which means that most
biomass has to be dried before it can be processed. Typical energy contents differ from 0.5 MJ-kg™ to
17 MJ-kg™" at 10-15 % moisture content, depending on the type biomass feedstock [25-26].

An additional consideration with regards to the biomass fuel choice is the ash content. This is the
inorganic matter that cannot be combusted and will remain in the form of ash and has to be discarded
after combustion. Wood fuels normally have low ash contents (around 0.5 %), whereas many other
agricultural residues can have ash contents as high as 20 % or even more. The amount of inorganic
matter in biomass also affects its ultimate calorific value [24; 26-28].

Ash melting behaviour in oxidizing atmosphere for the biomass ash is lower, thus ash melts in the
combustion chamber, obstructing air vents, and incombustible minerals emitted from the torch settle
on boiler furnace walls and form homogenous coating (glass) that reduces heat exchange. [29].
Slagging of biomass ash during gasification is therefore a major problem [30].

The initial deformation temperature is the most important indicator of problems for conversion
processes. The temperature at which ash starts to soften should be well above the maximum
temperature of the process. The variable composition of biomass fuels and variable moisture and ash
contents could cause combustion and ignition problems. There are numerous ways of addressing these
problems, such as blending different biomass fuels, which could enhance flame stability, as well as
decrease corrosion effects.

Materials and methods

With an aim to determine RCG suitability for thermal energy production the research analyzes
different RCG biomass parameters depending on the harvest times (spring 2011 and fall 2011).
Selected parameters of grass biomass quality were evaluated in the second year of vegetation.

In compliance with the standards the following parameters were measured: moisture content — Wa
(LVS CEN/TS 14774-2), ash content for dry matter — A (ISO 1171-81), Gross Calorific Value at
V = const. for dried fuel at 1050C, Qgr.d. and Net Calorific Value at V = const Qnet. (LVS CEN/TS
14918), as well as ash melting behaviour at oxidizing atmosphere (in compliance with the ISO 540).
These parameters were found out in waste, fuel investigation and testing laboratory SIA “Virsma”.

Results and discussion

Moisture and ash content were established, as well as the highest and the lowest calorific value,
and ash melting at different phase temperatures in oxidizing atmosphere.

The research shows that average humidity indicators of reed canary grass spring harvest comprise
9.85 %, while of fall harvest — 17 % (Fig. 1).

Acquired results indicate that spring RCG biomass samples have the lowest ash content (3.10 %),
while fall samples show 4.65 %. Ash content of the RCG harvested in summer and not treated with
fertilisers reaches 8.24 %, while ash content of RCG treated with PSOK 120 accounts for 8.71 %, with
N — on average 7.83 %. When analyzing the RCG varieties suitable for the production of heat it must

522



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 23.-24.05.2013.

be noted that their burning capacity is similar to wood, while burning biomass produces more ash,
therefore when producing pellets the biomass should be mixed with sawdust and chips.

Also the highest combustion ability was recorded for spring samples - 18.42 MJ-kg"', whereas for
fall samples it reduces — 15.24 MJ-kg"'. The lowest combustion ability for spring samples reached
15.27 MJ-kg' and for autumn samples — 13.82 MJ-kg™'.
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Fig. 1. Energy quality indicators of reed canary grass spring and autumn yield dry matter

When using RCG for the heat production the ash melting temperature of biomass is of a great
significance. The most suitable RCG ash melting temperatures within all phases were recorded for the
samples harvested in autumn.

Higher ash melting temperature was observed for the autumn RCG biomass (Figure 2.) Indicators
of autumn-yield samples at the beginning of the deformation phase are higher (1295 °C), while final
discharge temperature reaches 1380 °C. Whereas in spring RCG samples ash melting temperature is
slightly lower — 1170 °C at the beginning of the deformation phase and indicator reaches 1265 °C at
the final discharge.
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Fig. 2. Ash melting temperatures of reed canary grass spring and autumn yield dry matter

The results obtained show that RCG biomass ash melting temperature is suitable to ensure high-
quality operation of the boiler.
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Conclusions

1. Reed canary grass biomass samples harvested in both spring and autumn show high ash content.
Slightly lower indicators were recorded for the spring-harvest reed canary grass — 3.10 %,
therefore it is recommended to produce pellets from reed canary grass biomass mixing it with
wood (sawdust and woodchips).

2. The highest combustion ability of reed canary grass biomass samples harvested in spring reached
18.42 MJ-kg', whereas the lowest - 15.27 MJ-kg™.

3. Higher ash melting temperatures were observed for fall-harvest reed canary grass samples —
1250 °C at the beginning of the deformation phase and 1380 °C at the final discharge. It means
that ash melting indicators are normal and will not cause problems during the combustion process
in heating systems.

4. Ash content and moisture content of reed canary grass harvested in spring is lower and
combustion ability is higher, therefore it is recommended to harvest reed canary grass for the
production of pellets during the time period from late autumn till spring.

Acknowledgements
B I Participation in the conference is possible due to
= ERAF * * the financial support of the FEuropean Regional
. * pp p g
EIROPAS REGIONALAS EIROPAIEN'IBA Development Fund project No.
IEGULDLIUMS TAVA NAKOTNE 2010/0294/2DP/2.1.1.2.0/10/APIA/VIAA/009
References

1. Energy Roadmap 2050 Impact assessment and scenario analysis, EUROPEAN COMMISSION,
Brussels, 15.12.2011, SEC(2011) 1565 final, [online] [04.02.2013]. Available at:
http://ec.europa.eu/energy/energy2020/roadmap/doc/roadmap2050_ia_20120430_en.pdf

2. Adamovi¢s A., Dubrovskis V., Plime I, Jansons A., Lazdina D., Lazdin§ A. Biomasas
izmantoSanas ilgtsp€jibas krit€riju pielietoSana un pasakumu izstrade (Criteria for biomass use
sustainability and development of measures), Vides projekti, Riga, 2009. 186 p. (In Latvian).

3. The Handbook of Biomass Combustion and Co-firing. Edited by Sjaak van Loo and Jaap
Koppejan. London, Sterling, 2008. 442 p.

4. Boateng A.A., Jung H.G., Adler P.R. Pyrolysis of energy crops including alfalfa stems, reed
canarygrass, and eastern gamagrass. Fuel, vol. 85, 2006, pp. 2450-2457.

5. Borjesson P. Environmental effects of energy crop cultivation in Sweden-II: Economic valuation.
Biomass and Bioenergy, vol. 16, 1990, pp. 155-170.

6. Lemus R., Lal R. Bioenergy crops and carbon sequestration. Critical Reviews in Plant Sciences,
vol. 24, 2005. pp. 1-21.

7. Beringer T., Lucht W., Schaphoff S. Bioenergy production potential of global biomass plantations
under environmental and agricultural constraints. Global Change Biology Bioenergy 3, doi:
10.1111/5.1757-1707.2012.01169.x, 2011. 299-312 p.

8. Lazdina D., Lazdin$ A., Bardulis A. (2008) Daudzgadiga stiebrzalu energokultiira - mieZabralis
(Perennial grasses energy crop- reed canary grass). LVMI ‘Silava’, ISBN 978-9934-8016-3-1,
2008. 16 p. (In Latvian).

9. Kiryzeviciene A., Jasinskas A., Gulbinas A. Perennial grasses as a source of bioenergy in
Lithuania. Agronomy Research, vol. 6, 2008, pp. 229-239.

10. Kukk L., Astover A., Roostalu H. etc. The Dependence of Reed Canary Grass (Phalaris
arundinacea L.) Energy Efficiency and Profitability on Nitrogen Fertilization and Transportation
Distance. Biosystems Engineering, vol. 8, 2010, pp. 123-133.

11. Tahir M.H.N., Casler M.D., Moore K.J. etc. Biomass Yield and Quality of Reed Canarygrass
under Five Harvest Management Systems for Bioenergy Production. Bioenergy Research, vol. 4,
2011, pp. 111-119.

12. Tonn B., Thumm U., Claupein W. Semi-natural grassland biomass for combustion: influence of
botanical composition, harvest date and site conditions on fuel composition. Grass and Forage
Science, vol. 65, 2010, pp. 383-397.

524



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 23.-24.05.2013.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

Xiong S.J., Zhang Q.G., Zhang D.Y. etc. Influence of harvest time on fuel characteristics of five
potential energy crops in northern China. Bioresource Technology, vol. 99, 2008, pp.479-485.
Kukk L., Roostalu H., Suuster E. etc. Reed canary grass biomass yield and energy use efficiency
in Northern European pedoclimatic conditions. Biomass and Bioenergy, vol. 35, 2011, pp. 4407-
4416.

Landstrom S., Lomakka L., Anderson S. Harvest in spring improves yield and quality of reed
canary grass as a bioenergy crop. Biomass and Bioenergy, vol. 11, 1996, pp. 333-341.
Lewandowski I. Schmidt U. Nitrogen, energy and land use efficiencies of miscanthus, reed canary
grass and triticale as determined by the boundary line approach. Agriculture, Ecosystems and
Environment, vol. 112, 2006, pp. 335-346.

Strasil Z., Vana V., K4S M. The reed canary grass (Phalaris arundinacea L.) cultivated for energy
utilization. RES. AGR. ENG., vol. 51, 2005, pp. 7-12.

Energy from field energy crops— a handbook for energy producers. MTT Agrifood Research
Finland, 2009. 60 p.

Burvall J. Influence of harvest time and soil type on fuel duality in reed canary grass (Phalaris
arundinacea L.). Biomass and Bioenergy, vol. 12, 1997, pp. 149-154.

Larsson S. Supply curves of reed canary grass (Phalaris arundinacea L.) in Visterbotten County,
northern Sweden, under different EU subsidy schemes. Biomass and Bioenergy, vol. 30, 2006, pp.
28-37.

Friedl E., Padouvas H., Rotter K. etc. Prediction of heating values of biomass fuel from elemental
composition. Analytica Chimia Acta, vol. 544, 2005, pp. 191-198. Hadders, G., Olsson R. Harvest
of grass for combustion in late summer and spring. Biomass and Bioenergy, vol. 12, 1997, pp.
171-175.

Demirbas A. Combustion characteristics of different biomass fuels. Progress in Energy
Combustion Science, vol. 30, 2004, pp. 219-30.

White J. W., Mc Grew W. Urban Waste and Agricultural Wastes, vol. 77, 1976, pp. 291-292.
Hagstrom P. Biomass potential for heat, electricity and vehicle fuel in Sweden. Doctoral
dissertation, Department of Bioenergy, SLU, Acta Universitatis Agriculturae Sueciae, ISBN 91-
576-7060-9, 2006. 173 p.

Obenberger 1., Thek G. The Pellet Handbook. The production and thermal Utilisation of biomass
pellets. London, Washington, DC, 2010. 548 p.

Maciejewska, A., Veringa, H., Sanders, J. P. M. etc. Co-firing of biomass with coal: Constraints
and role of biomass pre-treatment. Luxembourg: Office for Official Publications of the European
Communities, ISBN 9279029894, 2006. 113 p

Baxter L., Koppejan J. Biomass-coal co-combustion: opportunity for affordable renewable
energy. Fuel, vol. 84, 2005, pp. 1295-1302.

Strehler A. Technologies of Wood Combustion. Ecological Engineering. vol. 16, 2000, pp. 25-40.
Biomasa — nakotnes energijas avots (Biomass- future energy source) (2.dala) 2009. [online]
[21.01.2013]. Available at: http://irbins.wordpress.com/2009/08/14/biomasa_02/ (In Latvian)
Higman C., van der Burgt M. Gasification. Elsevier Science, 200 Wheeler Road Burlington, ISBN
0-7506-7707-4, 2003. 381 p.

525



