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Agricultural biomass as a source of renewable energy

Abstract: This paper presents the role and importance of agricultural
biomass in the production of renewable energy sources. A significant
increase in the general public’s interest in environmental protection and
a possible future threat that natural sources of energy (petroleum,
natural gas, coal) will be exhausted result in increasingly larger
production and use of energy generated from agricultural, forest and
municipal biomass. The paper shows the location conditions and
environmental factors conducive to the establishment of an energy
plantation as well as the prospects for the development of agricultural
biomass production and utilisation. The aim of the present research was
to analyse the methods of use and the importance of agricultural
biomass in the production of renewable energy sources as well as to
investigate related problems. Numerous scientific papers and studies
presented in the literature were the basis for this analysis.
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Introduction

Nowadays, it is difficult to imagine life without using electrical energy,
petroleum derivatives or natural gas. Existing scientific studies [Ramsay 2007,
Roszkowski 2008] show the high probability of an energy crisis that may happen in
the near future of 15-25 years. The studies of the International Energy Agency (IEA)
estimate that the demand for energy will increase by 50% until 2030, which clearty
exceeds the estimates made two years ago. The IEA estimates that the demand for
energy will double in 2030, whereas the demand for petroleum-based products will
rise by 37% [Ramsay 2007]. The rapidly increasing depletion of traditional sources
of energy causes an increased interest in the use of renewable energy sources (RES),
primarily biomass of agricultural origin.

Agricultural biomass is understood as a qualitatively balanced stream of organic
matter originating directly or indirectly from agricultural crops [Dobrowolski et al.
2011]. According to the EU’s Directive 2001/77/EC, biomass means the
biodegradable fraction of products, waste and residues from agriculture (including
vegetal and animal substances), forestry and related industries, as well as the
biodegradable fraction of industrial and municipal waste.

In the 1990’s there was a significant increase of interest in renewable energy
sources. The benefits arising from the use of such kind of energy for the society,
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regional development, increased energy security, the creation of new jobs, and
environmental care cannot be overestimated. According to Denisiuk [2004], the
continually growing level of energy consumption and petroleum extraction creates
reasons for making intensive efforts to implement RES.

To protect the natural environment from a disaster and to provide energy
security, three essential documents have been developed which contain the basic
characteristics of renewable energy sources [Denisiuk 2006]:

zero contribution of exhaust emissions from biomass burmning to the generation
of greenhouse gases - CO, and CH, (burning of straw, tree branches, energy crops);

the possibility of meeting energy needs of a developed economy by using the
potential of renewable energy sources;

the dispersed occurrence of these resources, which allows them to be used in
local energy systems, in particular in rural areas and small towns.

In spite of the fact that an ever greater interest in energy crops has been observed
in Poland for more than a dozen years and that the production and collection of
biomass of quickly growing species are promoted as a direction of agricultural
production, the development of this new agricultural activity, termed the agro-
energy industry, is largely determined by economic factors.

Agricultural biomass as raw material for the generation of
electricity and heat

The importance of the role of biomass in the energy balance of our country
markedly increased after Poland’s accession to the EU. At that time, in seeking the
possibility of meeting Poland’s commitments conceming the share of energy
generated from renewable sources, special attention was drawn to biomass. The
high utilisation of biomass is a common solution in Sweden, Finland, Germany,
France, the United States, and in other countries. In accordance with the EU
standards, the share of biomass-generated energy should be 15% relative to coal-
based energy in 2020 [Faber et al. 2009].

The main agricultural biomass material that can be processed for the needs of
the energy industry is straw of cereals (wheat, rye, triticale) and oilseed rape
[Dobrowolski et al. 2011]. Agricultural biomass has a huge potential in each
country, but it is largely dispersed. It comprises waste from plant production (straw)
and animal production (animal manure and slurry). In this aspect, forest and timber
industry waste as well as municipal waste should also be included in agricultural
biomass.

According to Faber and Ku$ [2007] as well as Stuczynski et al. [2008], the basis
for the possibility of biomass generation is the efficiency of converting solar energy
into biomass, the availability and agroclimatic suitability of areas of the Earth for
plant and forest production as well as net energy yields that can be obtained. In
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physico-chemical and energy terms, biomass can be considered to be a kind of
universal semi-raw material, since all types of energy carriers, like heat and electrical
energy, transport fuels, including hydrogen fuels which have a promising future, and
awide group of chemical products (polymers) can be produced from it [Roszkowski

2009].

The possibilities of biomass utilisation for energy generation depending on the
conversion method are shown in Table 1.

Table 1.
Possibilities of biomass utilisation for energy generation.
Biomass utilisation
Solid biofuels gas biofuels liquid biofuels
- agricultural residues - agricultural biogas from | - biodiesel (oilseed rape oil);
(cereal and oilseed rape | the fermentation of shurry
straw, potato waste); and agricultural waste; - ethanol;
-wood fuel, timber - wood gas; - methanol,
offcuts, bark, chips,
sawdust; - landfill gas from the - biooils;
fermentation of municipal
- animal production waste; -used cooking oil from food
waste; service establishments.
- biogas from the
- dewatered sewage fermentation of sewage
shudge; sludge;
- wood and grass energy | - biogas from the
Crops. fermentation of food
processing waste.

Source: Prepared based on [Wojciechowski 2004].

The potential of agricultural biomass that can be used for energy generation

purposes is dependent on the size and type of crops, primarily cereals and
oilseed rape. The average straw yield per hectare of different cereal crops
ranges from about 5 to 10 tha” [Malecka et al. 2012]. Hay dry matter yield
harvested from meadows is more than 12 tha, whereas among native grasses
the common reed produces the highest yields ranging 12 - 30 tha”[Grzybek
2004]. On average, about 29 million tonnes of straw are produced in Poland per
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year. During the summer season, it can be frequently observed that straw or
several-year-old haystacks are burnt directly in the field. Excess straw
production is estimated at 9 million tonne'year” and this surplus could be used
entirely for energy generation purposes. Straw is a valuable energy carrier, since
its calorific value is high, from ca. 13 MJkg™ (in the case of fresh straw) to ca.
18 MJkg' (dry straw), whereas the calorific value of bituminous coal is about
25 MJkg". When analysing the energy value of straw, it can be assumed that
the amount of energy produced from 1 tonne of coal is comparable to the
amount of energy generated from 1.5 tonne of straw. Moreover, compared to
coal, straw contains only trace amounts of organic sulphur and nitrogen oxides,
environmentally harmful substances. In biofuel production, about 1300 1 of
biodiesel can be obtained from one hectare of oilseed rape crops, about 3500 1
of bioethanol from maize and wheat grain, 6000 | from sugar cane, and up to
9500 1 of bioethanol from cellulose [Roszkowski 2008].

The area of fallow and underused agricultural land in Poland is estimated at
about 1.5 million hectares. These are predominantly low-fertility soils, but if
proper agronomic treatments and fertilization are used, they can be suitable for
energy crops, producing satisfactory biomass yields. According to Budzynski
and Bielski [2004], biomass-generated energy will determine for many years
whether Poland will fulfil its commitments to increase the share of RES in the
primary energy balance of our country. It is estimated that as much as 2.2% of
arable land area should be used for the cultivation of energy crops until 2020.
The supply of biomass in the energy market can be supplemented with biomass
obtained from long-term plantations. In the opinion of Tworkowski et al.
[2005], the production of biomass from such plants and its processing creates
the possibility of utilising agriculturally poor soils. Given the above, perennial
plants called energy crops are recommended as crops grown for energy
purposes, in the case of which the period of use is at least 15-20 years, which
has an effect on reducing cultivation costs. The term “energy crops” includes all
species that accumulate relevant amounts of oil or carbohydrates as feedstocks
for the production of energy carriers [Jezowski 2001].

In the climatic conditions of Poland, the following plants are best suited for
biomass cultivation: shrubs and trees that regrow easily after cutting (willow,
poplar, and black locust), long-lived perennials (Virginia mallow and Jerusalem
artichoke), and perennial grasses (miscanthus, prairie cordgrass, switchgrass,
reed canarygrass, and big bluestem) (Figs. 1 and 2). The best energy crops
should be characterized by high dry matter content; plants with low water
consumption as well as resistant to diseases and adverse environmental
conditions are preferred [Kowalik 1994, Jezowski 2003].

The basis for location of plantations and environmental factors in the
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cultivation of energy crops

Fig. 1. Energy poplar and giant Chinese silver grass plantation.
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Fig. 2. Energy willow and Virginia mallow plantation.
Source: www.google.pl/plantacjeenergetyczne

The establishment of new plantations of energy crops should be preceded by a
detailed analysis of a particular farm in terms of the quality of its soils, the crop
species to be cultivated, the farm's technical equipment, and economic factors, i.e.
the cost of transport and planting material as well as raw material prices. The largest
investment is made in the first year of cultivation, but this expenditure is spread over
all years of plantation maintenance. In the conditions of our country, such
plantations should not be established on good and very good soils, since such soils
should only be used for food and animal feed production. The current level of
agricultural production, limited by the availability of agriculturally suitable land and
water, shows that there are no trends towards the development of energy farming in
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the existing conventional meaning [Lewandowski 2006]. The industrial nature of
energy crops, in particular annual ones, can be the cause of accelerated soil
degradation in terms of nutrient availability and biological activity. On the other
hand, an advantage of annual species is the possibility of maintaining proper crop
rotation, easier adaptation to market conditions, and the use of existing machinery,
equipment and buildings. Unfortunately, it often happens that the energy efficiency
in the cultivation of annual species is lower than in the case of perennial crops.
Perennial species are characterized by higher costs of plantation establishment and
closure. Over the full period of use, however, investment is usually lower as well as
the energy balance and the energy efficiency indices are more favourable than in the
case of growing annual plants. The cultivation of energy crops should include many
species which are adapted to diverse soil and climatic conditions and the technical
capacity of farms. Biological diversity is the best method for reducing the risk of
spreading diseases and pests. It also allows us to reduce the risk of losses in the event
that some cultivated species is destroyed, including damage caused by game.
Energy plantations offer the possibility of using low-fertility soils (Table 2) or
contaminated soils, thereby creating an opportunity for implementing alternative
agricultural production in degraded and low production lands.

Table 2.

Conditions for location of energy crop plantations in Poland.

Environmental conditions

Soil complexes and soil quality
classes

- areas with annual total rainfall > 500
mm;

- areas with an altitude of less than
350ma.s.1;

- with a slope gradient of less than
12%

- undrained fields to grow willow and
poplar trees;

- unused permanent grasslands*;

- plantations established only under
no-tillage system “Eko-Salix”.

- good rye soil complex (5), class
IVaand IVb;

- poor rye soil complex (6), class
IVband V;

- strong cereal-fodder soil
complex (8), class IIb, [Va and IVb;

- poor cereal-fodder soil complex
(9), class IVband V;

- medium quality grassland (2z),
classMTand IV;

- poor grassland (3z), class V and
VL

*Plantations cannot be established in permanent grasslands with great biodiversity.

Source: Preepared based on Kus and Matyka [2010].

Renewable energy sources (in particular biomass) can have a significant impact
on the energy balance of particular municipalities or even whole regions (Fig. 3).
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They can also contribute to increased energy security of a region, in particular to
improved electricity supply to areas with more poorly developed energy
infrastructure. Agriculture itself as well as housing and transport can be potentially
the largest consumers of renewable energy.
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Fig. 3. Soils on which long-term energy crop plantations can be located (red colour)
and areas in which such plantations should not be located (orange and green
colours).

Source: Pudelko and Faber [2010].

The increased utilisation of biomass generated from energy crops requires the
creation of an entire system that will include biomass production, distribution and
utilisation. Therefore, such efforts should be oriented not only towards the
establishment of plantations, but also towards organising a biomass storage and
distribution system and ensuring effective biomass utilisation. Biomass originating
from energy crop plantations can be used for the generation of electrical or heat
energy as well as for the production of liquid or gas biofuels. Only a concurrent
development of all elements of the biomass-based system can bring success. The
cultivation of energy crops can contribute to the creation of new jobs and local
independent energy markets in individual municipalities.

To sum up, it should be stressed that the power industry is interested in biomass
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burning due to the need to achieve the target share of RES relative to conventional
fuels. A major obstacle is the lack of large area plantations and specialist machinery
to harvest energy crops as well as the uncertainty of supplies. Generally, plantations
are set up too slowly.

Conclusions

The present and future development of the production of agricultural biomass
for energy purposes must be pursued in line with sustainable development
determined by three factors which include economy, ecology and social acceptance.

Biomass production can be an additional source of income for farmers and
power generation companies. The development of energy farming can be an
alternative solution for agriculturally unused land (soil class V and VI, degraded and
low production soils).

The high probability of an energy crisis caused by a limited amount of natural
resources as well as the high environmental pollution form the basis for accelerating
the work and efforts designed to reduce the use of fossil energy carriers by replacing
them with renewable energy sources.
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Massic [lempo, I apacum Envocoema
Cinbebkorocnogapebka iomaca sik kepesio BiTHOB/IIOBAHOI eHepril

Y cmammi  posensoaromecs  pons i 3HauenHs
CLIbCKO2OCNOOAPCHKOL blomacu y 6UPOOHUYME] NOHOGTIIOBAHUX
Ooicepen eHepeii. 3HauHe 30LTbUIEHHA 8 302ANbHOMY [Hmepecy
WUPOKOI  2pOMAOCOKOCME 00 OXOPOHU — HABKOIUUIHBO2O
cepedosuya i MOJICIUBA MALIOYMHSA 3a2p03a MO20, WO NPUPOOHL
Ooicepena enepeii (Hagma, npupoonuti eas, eyeinnsi) Oydyme
suuepnani i 36i1buenHs BUPOOHUYMEA MOJICHA OYOe OMpUMamu 8
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pe3ynomami - GUKOPUCMAHHS  eHepeil, o upobnacmsvcs 3
CLTbCHKO20CNO0ApPCyKOL, Nicooi i MyHiyunanvHoi Giomacu. Y
pobomi  NOKA3GHI  YMOGU POSMAULY8AHHS MA  eKOJOIYHI
ghaxmopu, wo cnpusiroms CMEOPEHHIO eHEP2eMUYHOT NIaHMAayil,
a  makodc — NepcneKmugu  po3GUMKY — 6UPOOHUYmMea i
BUKOPUCIAHHSL CLIbCbKO20CN00apcbkol biomacu. Memoio yboeo
0ocniodceHHss 6YI0 npoamanizysamu  Memoou GUKOPUCHIAHHS
cinbcbkoeocnodapcvkoi  Giomacu ma il eaxcausicmv Y
BUPOOHUYMBI  NOHOBNIVBAHUX — Odicepell  eHepeli, a MaKoiC
docnioumu nos'sizami 3 yum npobremu. Jucienri Haykosi pobomu
i 00CTIOMNHCEHH s, NPeOCMAasneHi 6 Timepamypl, Cman OCHOB0H)
0715 Yb0o20 aHai3y.

Kmiouosi cnosa: Oiomaca, enepeemuuni  Kymvmypu, Olonameo,
BUPOOHUYMBO CLTLCLKO2OCNOOAPCHKOL NPOOYKYIL.

Massnc [emp, I apacum Dnvorcoema

CeIbCKoX039iicTBeHHAs 0HOMACCA KAK HCTOYHHK

BO300HOBJIsIEMO¥i JHEPIUN

B cmamve  paccmampusaiomcs  ponb  u - 3HaueHue
CeNbCKOXO3AUCMEEHHOU ouomaccul 6 npouzsoocmee
60300HO6NIAEMbIX — UCIOYHUKOS — SHepeuu.  3HauumenvHoe
yeenuyenue 6 obwem unmepeca WUpOKou 0ouWecmeeHHOCmU 6
oxpane OKpyscaiowell cpedvl U 803MOXCHAA OYOywas yeposa
Mo2o, UMO HPUPOOHBlEe UCHMOYHUKU OIHepeuu  (Hedmb,
NPUPOOHbBILL 2a3, Yeonb) Oyoem ucuepnamvl U yeeluyeHue
npou3eo0CMea  MOJICHO — NOYYUMb 6  pe3yibmame
UCNONL306AHUS 9Hepaul, sbipabamvleaemou u3
CeNbCKOXO3SIUCMBEHHOU, IeCHOU U MYHUYUNATLHOU OUOMACCH.
B pabome nokasamvl ycaosus pacnonodceHus U 9KOI02UIecKue
Gaxmopyel,  chocobcmsyiowue  CO30AHUI0  IHEPLEMUYECKOU
NAAHMAYUY, a MAKX*HCe NEPCREKMUBbL PA38UMus NPpoU3eoo0cmed
U UCNONL30BAHUU CENbCKOXO3AUCMBEHHOU Ouomaccyl. Llenvio
HACmMosue20 Uccie008aHust ObLI0 NPOAHATUSUPOBANTL MEMOObL
UCNONL306AHUA  CENbCKOXO3AUCMBEHHOU OUOMAacchl U  ee
BAJICHOCMb 6 NPOU3EOOCEE  B0300HOBNAEMbIX UCHIOYHUKOS
9Hep2UL, a MaKice UCCIe008ams CsA3AHHbIE C DMUM NPOOTEMbL.
Mnocouucnennvie  Hayumble  pabomvl U UCCIEO08AHUS,
npedcmasnentvie 6 numepamype, cmand OCHOBOU OJisl IMO20
ananusa.

Kmiouesvie  cnosa:  Ouomacca,  dmepeemuuecKue  Kybhiypol,
OUOMONTUBO, NPOUZBOOCHIBO CETLCKOXOZAUCIBEHHOL NPOOYKYULL.
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