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Abstract. The growing risk of irreversible depletion of fossil energy sources like petrol, natural gas and coal, and the 

emissions of gasses consequence from their combustion, is causing the necessity of the introduction of energy crops for 

the manufacture of energy products. These include annual or perennial plants, fast-growing tree types – hybrid willows, 

poplars and others, and water crops – red algae, giant kelp, seaweed etc. Most preferred in Europe and the US are 

Paulownia sp. (P. elongata и P. tomentosa), giant reed (Arundo donax), elephant grass (Miscanthus giganteus), 

weeping willow (Salix babylonica) and wicker (Salix viminalis). So far in Bulgaria are preferred herbaceous energy 

crops such as corn, canola, sorghum, etc., but also were introduced some kind of timber. The global development of the 

sector would help to address the environmental problems associated with the release of huge quantities of greenhouse 

gasses. In the processing and utilization of energy crops, the amount of waste products is reduced to near zero, thereby 

avoiding environmental pollution. 
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INTRODUCTION 

Energy crops represented a significant share of 

European and world agriculture. The production of 

biomass from these plants, grown on arable land has 

been an important part of the path to the large-scale 

development of renewable energy [101]. Among 

these types of crops, a particularly important place in 

the circular economy for obtaining energy from 

renewable energy sources was occupied by perennial 

grasses and trees. They significantly contribute to 

the fight against global climate change, and with 

high yields will guarantee energy security. At the 

end of the 20th century, [84] and [58] were 

announced that energy crops were suitable for 

growing in countries with a tendency for high 

energy consumption, high prices of other energy 

sources and in countries with many uncultivable 

agricultural areas, as well as areas not subject to 

cultivation and cultivation of other crops [90]. 

The use of renewable energy sources has been a 

possible solution to reduce emissions of harmful 

gasses from human activities that cause climate 

change. Also, the production of biogas has been 

generating a much lower amount of harmful gas 

emissions in the environment than the extraction and 

exploitation of other types of fuels. [40] were 

presented with a new technology for biomethane 

production from energy crops. According to them, 

the choice of crop depended mainly on the yield of 

biogas, the amount of readily available nitrogen in 

the secondary biomass and the type of agriculture in 

the respective area. The authors recommended 

growing winter and summer crops, choosing the 

most productive crops in terms of biogas yield, and 

using good agricultural practices and cultivation 

methods. Data indicate that as of 2019, 70% of the 

energy received for heating and electricity was from 

biomass of renewable energy plant sources [82]. 

Some of the plant species being used as energy 

crops are traditional agricultural crops applied in the 

food industry and animal husbandry, maize for 

example. Other plants of interest to scientists and 

experts were been tree and shrubby species, some of 

which were taken for granted in the surrounding 

environment. A suitable example of this was the 

representatives of the genus Salix (willows) and 

Populus (poplars), and others are perceived as 

weedy and invasive species – Arundo donax. The 

species from the genera Miscanthus and Salix are 

preferred over other perennial energy crops, as they 

have a high biomass yield, unaffected by the 

chemical composition of the soil [101]. 

[91] present perennial energy crops as a resource 

significantly more favourable to grow than annual 

plants, as they do not require additional fertilization 

or pesticide application to reach optimal growth and 

productivity. 

Annually, energy crops participate with their 

biomass extremely little in the total energy 

production, but it is considered that in the next few 

decades, it would increase. The research of [77] 

highlights the advantages of energy crop utilization 

technologies and assesses their contribution to world 

energy and the prospects for use by the coming 

climate changes. 

The text was aimed to highlight mostly the 

advantages, but also some disadvantages, of the 

considered energy crops. They has been easily 

accessible, undemanding and highly productive 

species, from which different vegetative parts a 

variety of environmentally friendly products are 

obtained – methane, ethanol, etc. 
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TYPES OF PLANT ENERGY CROPS AND THEIR 

IMPORTANCE FOR METHANOGENESIS 

MISCANTHUS GIGANTEUS KENG 

The cultivation of elephant grass (Miscanthus 

giganteus) in Europe and North America began in the 

1990s.That species is a perennial herbaceous crop 

from the Poaceae family. Miscanthus giganteus was 

distinguished by a high yield of cellulose-rich and 

caloric biomass [96], with a long growing season and 

development in warm seasons [62]. The main 

resources needed for this purpose are the availability 

of free cultivated area, water for irrigation, natural 

nutrients and suitable planting material. The 

production of M. giganteus lasts 15 – 20 years [101]. 

The final products from its processing are mainly 

wood and ethanol. According to their intended 

purpose, the latter has been used for heating, 

electricity generation and car fuel. Elephant grass has 

been considered the most suitable of the herbaceous 

perennial species to grow, as its propagation could be 

controlled by stem cuttings or rhizomes, which is an 

advantage. The research showed that rhizomes 

buried in the soil at a depth of 5 cm were developed 

best [107], and as a planting period favouring the 

development of the most abundant leaf mass was the 

second half of April [41]. 

In a comparative study with Sida hermaphrodita and 

Arundo donax, Miscanthus giganteus was presented 

with the highest dry matter content, the highest amount 

of heat released during combustion, methane and 

ethane production, better composition in terms of 

essential elements C, H, N, S [43]. 

Miscanthus giganteus is being yielded much higher 

biomass than wheat and soybean crops. Both 

economically and ecologically, it was shown more 

profitable than them. Its yield was from 20 to 26 

tonnes per hectare (t ha
−1

) per year [73]. They were 

found the highest productivity of this plant in the 

third year of its cultivation – 42.3 t ha
−1

 and was 

determined that the amount of cellulose and lignin 

was higher in the stems, and of hemicellulose and 

ash in the leaves [97]. In drier Mediterranean terrains, 

miscanthus performance is between 12,75 and 

23,54 t ha
−1

 per year [57].when it has been the most 

favourable stage of the plant's vegetation, predisposing 

to efficient 

A long-term study [20] recommended harvesting 

M. giganteus at the end of September preservation of 

lignocellulosic biomass during long-term storage. For 

successful implementation in energy production, this 

plant species must be maintained in extensive 

plantations in the long term [20]. [98] were reported 

that spring harvest yields were 18–31% lower than 

autumn harvest yields. 

This energy crop has been shown to take in 

significantly more CO2 through photosynthesis than it 

emits through combustion. It has high resistance 

against pests, therefore the use of harmful pesticides 

is unnecessary [19]. 

Miscanthus giganteus has long been an object of 

interest to scientists. [9] and [96] investigated its 

ability to extract phosphorus and heavy metals from 

soil. The authors compare it with other energy crops 

such as sorghum and switch grass (Panicum virgatum) 

proving that sorghum was extracted the greatest 

amount of phosphorus and sodium from the soil. These 

elements, however, changed the mineral composition 

of the biomass and subsequently negatively affected 

the pyrolysis process, as a result of which the yield of 

biogas has deteriorated. 

[91] were compared the methane yield of 

Miscanthus and Salix species with that of maize. They 

were found that after pre-moistening with solutions of 

oxidants, causing changes in the lignocellulosic 

structure of the biomass and during anaerobic 

fermentation, a significantly larger amount of methane 

is produced than with corn. In comparison, untreated 

Miscanthus and Salix biomass was produced much 

less methane under anaerobic conditions than maize. 

[11] were found that after mixing corn silage and 

M. sacchariflorus with pig manure in amounts of 7.5% 

and 12.5%, the most complete anaerobic digestion was 

achieved, with the biogas and methane yields being 

the highest. 

[45] compared the prices of raw materials obtained 

in the cultivation of M. giganteus. The studied species 

were grown using MISCANMOD methods (a model 

related to the performance of M. giganteus based on 

the principles developed by Monteith [55]) and GIS 

(Geographic Information Systems), through which the 

yields of the two crops were evaluated. To create a 

viable bioenergy system, energy crops must be priced 

competitively with both forage crops and fuels. 

Arable land owners would be only started growing 

energy crops if they were sure that their profits would 

be close to those from the production of already 

established profitable agricultural crops. 

In comparison with other energy crops 

(Paulownia tomentosa, Salix viminalis, Populus 

euramericana, Sida Hermaphrodita, Arundo donax, 

Miscanthus giganteus), during combustion 

Miscanthus giganteus was showed the highest heat 

release value – 16,29 ± 0,14 MJ kg−1 [108]. 
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As an alternative for ethanol production, the 

perennial species of the genera Salix, Miscаnthus, 

Populus and representatives of the genus Arundo 

were suitable for cultivation due to their high yields 

and undemanding to the environment [102]. 

The high content of cellulose and hemicellulose in 

the leaves of M. giganteus could be used for 

conversion to cellulosic ethanol with high calorific 

value (18,5 MJ kg−1)[97]. 

ARUNDO DONAX LINNAEUS 

Giant reed (Arundo donax) has been a herbaceous 

plant widely distributed in temperate and subtropical 

regions. It was classified in the family Poaceae. The 

exact origin of A. donax has been unclear. Evidence 

was suggested that the plant was cultivated and 

transported to Asia, southern Europe, northern Africa, 

the Middle East, and other locations about 5000 years 

ago [64]. Arundo donax has been a perennial plant and 

an alternative to the more familiar energy crops for 

biogas production [15]. Arundo donax was found to 

have favourable conditions for development even on 

eroded soils [26]. Giant reed has also been found to 

grow well on heavy metal (Cu, Zn and Cd) 

contaminated soils, where energy production could be 

combined with phytoremediation (the introduction of 

plants to treat soil and water contaminated with organic 

and inorganic pollutants) [7], [18], [95]. Cultivation of 

A. donax on such soils improves their quality 

indicators, by increasing the content of nitrogen and 

carbon in the soil layers, as well as improving the soil 

structure [23], [34]. Although A. donax was also grown 

in arid regions, in the presence of water the biomass 

obtained was significantly more. As an alternative to 

irrigation with fresh water, scientists have applied 

wastewater from treatment plants. They were found an 

increased yield, despite the lack of nitrogen fertilizers, 

soil enrichment and an increase in the amount of soil 

carbon [13]. 

Due to its ability to grow rapidly on infertile land, 

this species has been considered a dangerous weed 

[65], [69]. However, it is now spreaded all over the 

world because of its versatile application. Giant reed 

has being a raw material for the production of various 

high-value compounds, such as levulinic acid, 

oligosaccharides, fermentable sugars, highly digestible 

fibre for animal feed, polyphenols, and natural fibres 

for composite materials [65], [60]. 

Arundo donax has also been considered as a 

promising energy crop in recent years due to its high 

biomass yield, even higher than that of M. giganteus 

[27]. Genetic studies have shown a complex polyploid 

genome, which has made it difficult for scientists in 

their attempts to modify it in order to strengthen its 

positive qualities – productivity and resistance to 

adverse soil factors [17]. 

A. donax has been a plant that was propagated 

vegetatively by fragmentation of rhizomes or 

cuttings [65], therefore it is necessary to control and 

remove it from river basins [27] to prevent excessive 

and uncontrolled planting. The life span of the culture 

has been 12-15 years, which was the reason why there 

were also unclear facts about its cultivation and 

processing [65]. Arundo donax could be grown at a 

rate of 10 cm per day, which places it among the fastest 

growing plants known to mankind and could produce 

more than 20 tones of dry matter per hectare [64]. Data 

were indicated that the yield of A. donax per year is 

54 t ha
−1

 [89]. 

As a storage method before the application of the 

biomass in bioreactors, it was studied the silage of A. 

donax in which fermentation was taken place with 

the separation of the organic acids malic and oxalic, 

from the decomposition of which volatile fatty acids 

were accumulated. The scientists have recommended 

two techniques. The resulting biomass from A. donax 

was found to give a good energy yield relative to the 

harvest period [15]. The fresh biomass obtained in 

autumn was subjected to anaerobic digestion, and the 

dry parts collected at the end of winter were subjected 

to pyrolysis [18]. Biomass from the winter harvest has 

been preferable, as it has reduced moisture, which 

has also facilitated its storage. The winter biomass of 

A. donax has also contained a reduced level of 

nitrogen that has passed back into the soil, thereby 

improving it for future crops and reducing the need 

for nitrogen fertilizers [23]. 

In Mediterranean regions, due to the long growing 

season from March to November, giant reed was 

characterized by high productivity [34]. 

In dry Mediterranean regions, giant reed could 

be produced an average biomass yield between 

12.86 and 36.78 t ha
−1

 [57]. 

[72] were investigated the potential of A. donax 

as a feedstock for methane extraction according to the 

growth phase in which the biomass was harvested. 

Samples were taken at five different times of the year, 

and the scientists were found that methane yield was 

highest from young shoots. 

[94] were studied the decomposition of A. donax, 

Eucalyptus camaldulensis and Populus nigra. They 

have proved that under normal (aerobic) conditions, 

bacteria were developed on the biomass of the studied 

plant species, contributing to the degradation of their 

lignocellulosic structure. The authors isolated 40 

multienzyme bacterial strains from the phyla 
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Actinobacteria, Proteobacteria, Bacteroidetes and 

Firmicutes, and 62% of them were secreted the 

endo-1,4-ß-gluconase enzyme in a liquid medium 

extracellularly, accelerating the decomposition of 

plant biomass. 

Australian scientists [99] have presented data 

from calculations that showed that 250 litres of ethanol 

could be produced from a ton of dry biomass of A. 

donax, with the degradation of sugars during biomass 

fermentation being 65%. The team's scientists aim to 

increase the breakdown of sugars to around 85% by 

applying different enzyme preparations, which would 

increased the ethanol yield by approximately 100 

litres per ton. The energy produced from bioethanol 

derived from A. donax was about 28.1% of the total 

energy produced [10]. High ethanol yields were 

obtained from A. donax biomass was subjected to 

dilute acid pretreatment, under microaerophilic 

conditions and under the fermentative action of 

Escherichia coli MS04 [51]. 

SALIX VIMINALIS LINNAEUS 

A shrubby representative of the Salicaceae family. 

Willow is considered a rapidly renewable resource, 

as its growth cycle is 3 – 5 years. For energy purposes, 

the shrub variety is preferred over the tree variety 

[87], [29], [36]. 

It was grown well on polluted soils, was 

accumulated heavy metals during its growth, which 

was preferable for energy plants [35]. Species of the 

genus Salix were suitable for phytoremediation, 

absorbing even cadmium from the soil [35], [46], 

[69], [81], but not lead [85]. Unlike coal, burning 

willow wood was not emit harmful gas emissions, the 

cause of the greenhouse effect [35]. There were studies 

through which it was established that Salix viminalis 

could be used for wastewater treatment. Through its 

root system, the plant was extracted harmful 

substances from the environment and was assimilated 

them to build biomass [19]. The development of 

willow massifs in areas close to domestic wastewater is 

recommended. However, as a means of purifying 

contaminated soils, S. viminalis was succeeding in 

extracting and assimilating nitrogen, but not chlorine, 

whose levels were critically elevated in arid regions 

[54]. The application of S. viminalis on coarse sand 

was investigated for the recovery of waste metabolites 

in sewage treatment plant waters. The efficiency of 

gravel alone was found to be: 45.7% for nitrogen, 

85.8% for phosphorus, and 6.9% for potassium, and 

the plant increased this efficiency by up to 12% for 

nitrogen, by up to 5% for phosphorus and with up to 

18% for potassium [52]. 

There was a problem in the purification of the 

waters in freshwater fishponds, related to the 

accumulation of large amounts of ammonia contained 

in the feces of fish. In Canada, a study was conducted 

in which it was proved that willow massifs could be 

intensively irrigated with water from fishponds, with 

ammonia and phosphorus have being maximally 

extracted from it [25]. 

Other studies were focused on the chemical 

composition of the plant species, namely the tannin 

content. Tannins are plant polyphenols that can have 

a positive effect on the physiological processes in the 

body of ruminants, their metabolism and the ruminal 

microflora [24]. Studies have used leaves from Salix 

spp., known for their tannin content, on the other hand, 

willow leaves have had a high nutritional value and 

scientists were considered them as a good alternative 

to standard forage crops. [63] were found that tannins 

in the biomass of S. viminalis produced an inhibitory 

effect on some rumen microorganisms and on 

methanogenesis in general. 

Data were indicated that the first crop of Salix 

viminalis '5027' was grown in a transition zone (a 

zone between agricultural and riparian areas) was 

0.25 – 16.59 Mg ha−1 yr− [100]. 

As a result of the pyrolytic decomposition of 

lignin in woody biomass by S. viminalis, compounds 

with a benzene ring were formed. The formed organic 

chemical compounds could be used in the chemical 

industry and contributed to the promotion of the so 

called "green chemistry". 1,4-butanediol was one such 

compound. It is a valuable raw material for chemical 

synthesis (of tetrahydrofuran) and could be used as a 

solvent for plastics and paints [70]. 

Other analyses were shown, that during the process 

of burning S. viminalis biomass, 8 times less carbon 

monoxide and 6 times less sulfur dioxide were released 

into the atmosphere than when burning coal [79]. 

The autotetraploidy condition was observed in S. 

viminalis whose axial buds were treated with 

colchicine. This was led almost to the cessation of the 

growth of the plant, at the expense of an increase in its 

leaf mass, the diameter of the stems and the thickness 

of their bark. The leaf mass of these plants has higher 

levels of active gibberellins, cytokinins, salicylic 

acid and jasmonate. Due to the larger leaf area, 

photosynthesis and CO2 uptake were increased [21]. 

Ethanol production was a direct dependence on 

the release of sugars in a given energy plant crop. 

[59] determined that the release of glucose and 

xylose was variable, even after pretreatment of Salix 

viminalis biomass, and was highly dependent on the 

phenotypic characteristics of the plant. 
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SALIX BABYLONICA LINNAEUS 

Another widespread similar tree species from 

the Salicaceae family is the weeping willow (Salix 

babylonica). It is moisture-loving and grows mainly 

near ponds. A species adaptable to high temperatures 

[106]. Its wood was used for the production of 

furniture, and the substance salicyl was extracted 

from the bark of the young branches, which is a raw 

material for the production of aspirin [4]. Salix spp. 

were also involved in research in the field of veterinary 

medicine [30]. The choice of animal feed should be 

made by analyzing parameters such as digestibility, 

microbial protein production and last but not least, the 

release of gases into the environment. S. babylonica 

leaf mass has been found to provide quality nutrients 

to ruminants, but also the methane release produced 

in the gastrointestinal tract was inhibited during 

digestion and fermentation [14]. [71] were tracked the 

changes in haematological parameters in lambs 

whose daily ration was supplemented with an extract 

of S. babylonica. The obtained results were not 

shown changes in the studied indicators. On the 

other hand [92] were found that a combination of 

certain probiotics and S. babylonica extract applied 

in the daily diet of lambs were increased their appetite 

for feed, were improved nutrient digestibility through 

nitrogen utilization and microbial protein synthesis, 

resulting in increased daily gain. [74] have 

recommended the application of S. babylonica extract 

to the ratio of growing lambs, observing positive 

growth and no negative effects on animal health. 

[32] and [93] were made a comparative study of the 

anthelmintic activity of extracts of weeping willow (S. 

babylonica) and other plants – mimosa (Leucaena 

leucocephala) and garlic (Allium sativum). S. 

babylonica extracts could be used as an alternative 

anthelmintic in small ruminants without compromising 

animal performance and rumen function. 

[68] were conducted an in vitro study regarding 

the possible antimicrobial effect of aqueous extracts of 

dried leaves and twigs of Salix babylonica L. collected 

in spring and summer. The results were showed that the 

effect is stronger in aqueous extracts obtained from 

biomass collected in summer. The best results were 

obtained with E. coli, S. enterica and C. albicans. 

In a study involving 13 plant species, S. babylonica 

were showed the lowest results in several indicators – 

total amount of gasses released, methanogenesis, 

percentage of methane and digestibility of organic 

matter. [53] 

In vitro simulation of ruminal conditions were 

showed that S. babylonica in combination with 

exogenous fibrolytic enzymes (xylanase and cellulase) 

were increased the digestibility of organic matter, 

metabolizable energy and concentrations of short-

chain fatty acids without changing the pH of the 

medium [75]. Salix babylonica is an energy plant crop 

suitable for implementation in phytoremediation 

processes [49], [50], [76], [86], [104]. 

Wastewater from the textile industry was subjected 

to electrochemical treatment, and subsequently through 

a hydroponic system were coming into contact with S. 

babylonica. Over half a month, water colour and 

turbidity were found to decrease by 85% and 93%, 

respectively [76]. 

The result of the experiment was showed that the 

powdered leaves of S. babylonica are a cheap and 

effective product for removing methylene blue from 

aqueous solutions by adsorption [42]. 

It has been found that aqueous extracts of weeping 

willow leaves and bark could be used as an effective 

and environmentally friendly biostimulant [56]. 

PAULOWNIA ELONGATA HU 

Paulownia elongata is a perennial tree species of 

the family Paulowniaceae originating from China and 

also grown in Asia, USA, Australia and Europe. They 

were defined as the fastest-growing and highly 

productive trees in the world. In China and Japan 

since ancient times, therapeutic agents have been 

produced from various parts of the plant. The 

reporting of biomass productivity of the species were 

started to be reported after the second year. It could 

reach approximately 90 kg per year of wood, and 

dry biomass production could vary from 1.5 t ha
−1

 to 

14 t ha
−1

. Representatives of the genus Paulownia 

grow successfully on both polluted and eroded soil 

terrains [1], [37], [38], [44]. Paulownia elongata is a 

species suitable for phytoremediation and for inclusion 

in park and urban vegetation for air filtration in 

polluted urban conditions and control of CO2 levels in 

atmospheric air [1], [28], [61], [83], [102]. Wood has 

had many uses, including as timber for construction, 

for making doors, furniture, kitchens, and more. Its 

cultivation has been economically very profitable, as 

it could be used in its entirety – from the root to the 

seed. It was used in traditional Chinese and Japanese 

medicine [12]. Paulownia trees produce several 

chemical compounds – verbascoside, diplacon, 

mimulon, apigenin, catalpol, aucubin and oleic acid, as 

well as some biologically active substances with 

antioxidant, anti-inflammatory and antibacterial 

effects [78]. 

Paulownia elongata leaves could be used as 

fodder for various farm animals [103], as they have 

a rich biochemical composition [109], a high content 
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of minerals and proteins, as well as exchangeable 

energy up to 18 MJ/kg [22]. Leaf biomass contains 

glutamic and aspartic acid, and essential amino acids 

[2]. In vivo, results were shown that adding up to 15% 

paulownia leaf meal instead of alfalfa hay in the ration 

of rabbits has had no negative effects on growth, 

nutrient digestibility and blood parameters. A reduced 

volume of the caecum and the number of forage 

pathogenic bacteria were also reported [6]. 

Paulownia biomass was a potential feedstock for 

hydrogen production by photofermentation. Different 

vegetative parts and varieties of genus Paulownia 

were shown different hydrogen productivity. The 

leaves of plants of the species were shown a better 

hydrogen production capacity [110]. 

In vitro was proved that aqueous extracts of 

leaves and silage of P. elongata exhibit an inhibitory 

effect on selected pathogenic microorganisms of the 

species Salmonella enterica, Pseudomonas aeruginosa, 

Staphylococcus aureus, Streptococcus pyogenes, 

Paenibacillus alvei and Candida albicans. They were 

proved that such extracts of leaves and silage of P. 

elongata were exhibited more pronounced 

antimicrobial effect on gram-negative bacteria [66]. 

Another study of theirs [67] was found that 

anaerobic digestion of P. elongata silage was produced 

a final biosludge with a very low content of 

microorganisms, which is particularly favourable from 

an ecological point of view. When studying silage 

and spring and autumn leaf mass from P. elongata, as 

well as other substrates (of plant origin, animal 

manure, sewage sludge). [80] proved increased biogas 

production in substrates with the participation of P. 

elongata. 

[31] were presented results of an in vitro study of 

a mixture of rumen fluid with different conventional 

and alternative forage crops. Application of P. elongata 

leaves, under these conditions, were found a reduction 

in pH and methane emissions compared to alfalfa 

silage, as well as higher levels of Fibrobacter 

succinogenes, Butyrivibrio fibrisolvens and Prevotella 

spp., the total production of gas and total 

concentrations of volatile fatty acids, acetate and 

propionate were also higher. 

[48] were determined that energy crops such as 

willow, sugar beet and grass silage placed under 

anaerobic conditions in two-stage fermenters yielded 

5% more methane than crops placed under the same 

degradation conditions but in the laboratory. According 

to the authors, the better results were due to the two-

stage fermenters maintaining good pH levels favouring 

hydrolysis in the two-stage system. The scientists 

were found that through this technology of processing 

energy crops, the heavy metals contained in the 

biomass were also successfully evacuated. 

ENERGY CROPS IN DIFFERENT 

COUNTRIES OF THE WORLD 

Chinese scientists were presented data obtained 

from three years of cultivation of M. giganteus, from 

which it was found that in the third year of the 

cultivation of the plant, its potential wass fully 

developed, namely 42.3 tons per hectare, gradually 

establishing it as an energy plant crop to promote 

bioenergy production in the country [97]. 

In 2012 [112] were claimed that in Poland by 

2020, about 15% of the harvested energy would be 

from biomass of perennial energy crops, as the 

country has 1.59 million hectares of free arable land. 

The competitiveness of these crops is low compared 

to traditional and there is a high degree of risk 

associated with biomass production. The biomass 

prices vary but were warranted by profitability [112]. 

However, in 2021 [8] were published data showing 

that only about 3% of the produced energy was of 

biogas sources. 

An 11-year experiment with M. giganteus and 

M. sacchariflorus (Amur silver grass) was made in 

North-Eastern Poland. Fresh mass yield of Amur 

silvergrass was between 31%–62% higher in the first 2 

years of the experiment. However, in the third year, M. 

giganteus exceeded the yield of M. sacchariflorus by 

1.7 to 3.7 times, and this growth in yield but fresh 

mass was maintained until the sixth year of the 

experiment [20]. 

In the state of Illinois, USA [62], it was reported 

that harvesting biomass of M. giganteus between 

August and November provided significantly more 

biomass than harvesting biomass after it was already 

overripe. Earlier harvesting, however, was reduced 

biomass yields in subsequent years. Nitrogen 

fertilization was compensated to some extent for yield 

losses. On the other hand, harvesting after aging was 

optimised the crop's long-term productivity, reducing 

the need for fertilization. 

In the last decade, the scarce agricultural land in the 

Berlin-Brandenburg area, Germany has been negatively 

impacted by the continuous and monoculture cultivation 

of maize as a product for biogas production. Due to this 

fact, the fertile land in the region was subjected to 

soil degradation and the environment was devoided 

of species diversity. M. giganteus was preferred as 

an alternative plant crop, with a high yield of 

biomass, biogas and low requirements for the 

chemical composition of the soil [88]. 
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The suitable soil-climatic conditions in Ukraine 

favour the cultivation of M. giganteus with a high 

level of energy accumulation in biomass during the 

growing season. Another success factor in this 

geographical area was the long period for 

photosynthesis – from early spring to late autumn [41]. 

In 2009, in Serbia [84] were conducted 

biomonitoring of soil and atmosphere, comparing the 

accumulation of the heavy metals – nickel and lead 

in the leaves of P. elongata S. Y. Hu and P. fortunei 

Hemsley, grown under urban and non-urban conditions. 

The plants were grown in the cities took up twice as 

much nickel as the plants in the experimental non-

urban field. The authors recommend P. elongata have 

beeen grown in urban settings – parks, alleys, and 

road arteries as an air-purifying plant. 

LIMITATIONS AND DISADVANTAGES OF 

ENERGY CROPS 

[3] were compared the production of biogas and 

biodiesel from energy crops and the environmental 

effects thereof. They has refuted the accepted notion 

that the cultivation of energy crops is suitable for the 

utilization of already uncultivable areas, indicating 

that for this purpose a change in the use of lands in 

these areas was necessary. Land reclamation for food 

crops or other bioenergy crops was also a complicating 

factor[105], [111]. A serious disadvantage of growing 

these crops is the need for irrigation, which would 

change the hydrological situation in the region of 

their cultivation. The authors was also emphasized the 

positive effect of biogas production, namely the use 

of biosludge as a fertilizer obtained as one of the end 

products of methanogenesis. 

Growing annual energy crops were provided a 

potential alternative for farmers to convert their 

arable land into more profitable pieces of land. This 

would significantly reduced yields of forage varieties 

and crops for the food industry. Another disadvantage 

of these crops was their need for additional amounts 

of nitrogenous compounds necessary to develop their 

full potential [101]. 

A disadvantage of M. giganteus was the fact that 

it has been a very moisture-loving plant and 

cultivation in large massifs has been creating a danger 

of changes in the hydrological situation in the given 

area [31]. A disadvantage of the biomass obtained 

from the representatives of the genera Miscanthus and 

Salix was the hard lignocellulosic structure. For this 

reason, [39] pre-treated the biomass with an ammonia 

solution before introducing it into the bioreactor. 

After such treatment, methane production was increased 

by 25-27% for Miscanthus and by 94-162% for 

Salix. 

Arundo donax was shown comparable yields to 

M. giganteus in bioenergy production but required 

more energy input for planting. Giant reed was more 

invasive than elephant grass, which necessitates 

ecological control – prevention of flooding in growing 

areas, control of soil nutrients [27]. 

The question of how justified the cultivation of A. 

donax was debated, since it has been established that 

due to the rapid growth rate, its spread has become 

uncontrollable and necessitates the possible use of 

herbicides, which will make production more 

expensive and contribute to significant environmental 

pollution environment [65]. 

CONCLUSIONS 

Worldwide scientific research has been presented 

the need to use energy crops as an ecological and 

efficient option for energy production. That was why 

these cultures are becoming popular in the world and 

in our country. In Bulgaria, annual plants such as 

corn, sugar beet, fodder and red beet were still used as 

such. 

Considerable attention should be paid to the 

optimization of the cultivation of new energy crops, 

their popularization among agricultural producers and 

the introduction of biofuels as a modern adequate 

source of energy. 

Miscanthus giganteus is an economically and 

ecologically beneficial energy crop. It is characterised 

by a much higher biomass yield than wheat crops and 

soybeans, high resistance against pests and elimination 

of harmful pesticides, as well as a high degree of CO2 

absorption during photosynthesis. Arundo donax is 

perfect for phytoremediation and also as a 

complementary feedstock to bioreactors to increase 

methanogenesis. Representatives of the genus Salix 

are of interest to scientists, as they are widely used 

in various fields of production. Salix viminalis can 

be applied near polluted bodies of water, and Salix 

babylonica – from the woodworking industry, through 

microbiology to veterinary medicine. Paulownia trees 

produce some biologically active substances, and in 

particular P. elongata exhibits an inhibitory effect 

on selected pathogenic microorganisms. 
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