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GROWING OF ENERGY WILLOW AS A FEEDSTOCK FOR THE
PRODUCTION OF SOLID BIOFUELS UNDER FOREST- STEPPES OF
UKRAINE

The paper considers and analyzes the use of raw materials based on energy
willow Salix viminalis L. for the production of solid biofuels in the forest- steppes of
Ukraine. Found that the introduction of energy willow plantations will increase the
share of biomass in the energy balance of Ukraine.
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Introduction. Global climate changes and its impact on the environment give
rise to review energy strategies and finding new technological solutions in the field of
renewable energy sources (RES). Less than three centuries, since the industrial
revolution, mankind has used more than half of the fossil fuels that accumulated over
millions of years. Current approaches to the use of energy from fossil fuels are
changing rapidly towards renewable sources of energy. In particular, there is an
active search and use of high valuable bio- cultures to grow biomass for the
production of solid biofuels in the form of fuel pellets.

In the structure of the renewable energy sources are more than 50% has energy
derived from origin plant biomass and 15 % of the total energy which is used [1,2].
The current state of renewable energy and biofuels in Ukraine is in its infancy and is
about 1% of the total energy consumption. Among the wide range of problems in the

new fields of legislation and regulations, lack of harmonized European standards for



raw materials, biofuels producers are facing a shortage of raw materials for normal
work of enterprises throughout the year. For stable capacity of the work of biofuels
plants enterprises it is required planned amount of organic material, perfect logistics
and to store it. This problem can be solved by creating their own energy crop
plantations with highly rapid rotation and the high yields of biomass with a high
content of cellulose and lignin. Among a number of highly promising feedstock crops
for biofuels production in the form of wood pellets is willow «Salix viminalis»,
referring to the high-productive and fast-growing wood. In the world practice, the
plants of this group have a common name - "energy willow" [2 ]. Among all power
plants in the world today willow is worldwide used as a major energy crops for the
production of solid fuel. The most rapid growth in Fitoenergetik this culture has in
the Nordic countries, it is recommended to grow on waterlogged and unproductive
lands. Biomass energy willow chips as a fuel is the main raw material for the
production of green energy power stations in Denmark, Belgium, Finland, England,
Germany, Austria and Poland. Significant progress in growing energy willow reached
Sweden, which increases plantations during the long time, their currently account is
approximately 18 000 - 20 000 ha. In Ukraine, despite the large number of unused
agricultural lands, industrial plantations of energy crops is still not enough.

The purpose of the study. Set the productivity, to justify elements of
technology growing energy willow biomass and analyze the use of raw materials for
the production of solid biofuels under forest-steppes of Ukraine.

Materials and research methods. The study was conducted under conditions
of micro field experiments in research areas of the Institute of bioenergy crops and
sugar beet in 2010-2013 years on gray forest soils. Agrochemical characteristics of
topsoil is 0-30 cm, humus content by Turin is 2,0-2,3 %, hydrolytic acidity by
Kappen is 3 ,5-4, 0 mEq . per 100 g soil , the contents of movable and exchangeable
potassium (by Chirykov ) are 11,2-14,0 and 12,5-14,5 mg and 100 g of soil.

Lot size is 4 m2 , quadruple repetition . Energy willow is twiglike (Salix

Viminalis).



Studies. Currently, the Institute of Bioenergy and sugar weed NAAS of
Ukraine is working on studying the gene pool of the genus Salix L. different
ecological and geographical origin on the grounds of performance, suitability for
mechanical harvesting , high energy value . The studies released the material source
for breeding for stable performance and energy properties. In the area of research
institute planted different species and hybrids of willow (Salix L.) provided by
Panfilsky DS NAAS of Ukraine. One of the most productive species distinguished by
the dimensional parameters of height and diameter of the barrel is twiglike energy

willow (Salix Viminalis).
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Figure 1. Productivity, output power and biofuels fruo% twiglike energy willow
biomass (average for 2010-2013).

According to Fig. 1. yield of energy willow biomass at first year of growth
compared to the third year and increased 10 times. The growth of biomass in the
fourth year of growth increases significantly due to shoots branching.

Energy willow «Salix Viminalis» differ from conventional trees by high gain
weight and small requirements for the soil. Industrial use is practicing the third year
of growing season. The best development it has on wetland soils by soil acidity pH 5,

5 -7, 5. Favorable soil and climate zone for growing when there is 500-700 mm. of



precipitation. Willow refers to a light wood with a density of 450-470 kg/m3 at 12-
14% humidity. The minimum calorific value of dry willow wood is 18.0 MJ / kg,
which is almost equal to the corresponding index of coniferous trees.

The industrial growing energy willow plantations requires knowledge of
technology and a set of special machinery for its implementation [1, 8]. Willow
propagates vegetative by cuttings of willow shoots productive forms. Properly
prepared engraftment should be 25-30 cm long and 0, 8-1, 8 cm thick. Shoots for
cuttings (handles) harvested from the second week of November to the first half of
March. Handles must have at least 5 dormant buds, clean, healthy and have adequate
moisture. The top of the cuttings have to be treated with paint, with the addition of
antifungal drugs. Immediately before planting handles it should be a harrowing or
raking and spraying the fields by soil herbicides. Seedlings of approximately 25-30
cm must be planted on the prepared area plantations. Planting depth is about 25 cm -
so that they were above the soil surface 3-5 cm, the angle of planting is 45. The
distance between saplings is 60-70 cm, the average distance between rows - 75-
100cm. On 1 ha of area 20-25 thousand of cuttings are planted.

Figure 2. Energy willow plantation

Care is to combat weeds, which is very important in the first year of
cultivation. Significant threat to energy willow plantations especially in the first year
of cultivation are perennial weeds and pests larvae that are in the soil. Most attention

to weed control should be given in spring, tilling of plantations can be chemical or



mechanical - by treatment with herbicides or row continuous cultivation. Mechanical
cultivation has advantages in helping to reduce the population of pests in arable soil
layer and create a layer of loose soil. The first collection of willow plantations
biomass does in the first year of its laying. At this time, get the best planting material.
The procedure for cutting in the first year is very important because it promotes better
tillering and proliferation of willow bush, increase the number of shoots. First year
shoots cut at a height of 5-10 cm by hand or by mechanical means [9].

Whereas, the cultivation of willow offered on unoccupied lands, manufacturers
are faced with the availability of highly productive varieties of willow. Breeding
work has been started in the 70 's and 80 's of last century in Switzerland and the UK.
Using a variety or hybrid, zoned for a particular region is a prerequisite for success.
Plantation productivity depends primarily on the type of wood and clone, site
conditions, age of planting, crop rotation or period of use, as well as the density of
planting plants [7, 9]. To collect willow can special combine type "Klaas", which
makes fuel chips size 2-3 cm [4, 7]. The heat of combustion of one ton of dry raw
material is 18.0 GJ / t, respectively one hectare of willow plantations gives 180 GJ of
energy. With one hectare of willow plantation per year you can receive an average of
10 tons of dry material equivalent to 5 tons of fuel, or more than 5 thousand cubic
meters of natural gas. With the increase in the industrial area of growing energy crops
in Ukraine, there is a need to study and on introduction of new elements in
technologies of culture care, establishing evidence-based parameters and methods of
cultivation, such as the timing and depth of planting cuttings ( Handles ) and their
impact on the structure of the harvest , biological features and performance of
agrophytocenoses. In this regard, scientists focused on improving the basic
techniques of growing energy willow. Knowledge of basic morphological and
biological properties allow to identify species, determine their viability, and to predict
the biological productivity, predict behavior by introduction [1].

According to the results of previous studies found that the productivity of
energy willow biomass, reducing the cost of raw materials received , reducing

pollution and carbon dioxide in the atmosphere is important to the proper selection of



high-quality material of energy willow, optimization and improvement of the
technological elements of soil preparation, planting of cuttings, assembly technology
of biomass ( wood chips ) to the specific soil and climatic and weather conditions of
different zones of Ukraine. Energy willow among woody plants are most suitable
feedstocks for bioenergy in many countries for the production of solid biofuels.
Willow shoots can accumulate a large amount of biomass by photosynthesis that
occurs over a long period - from early spring to late autumn.

Conclusions. Ukraine has significant potential for energy plantations, specially
grown on land that is currently unused. According to the statistics there are about 3
million hectares derived from agricultural use. By using this reserve lands Ukraine is
able to increase the share of biomass in the energy balance to 20-25 %. Among the
wide range of different species and hybrids of energy willow is twiglike willow
(Salix Viminalis), which is advisable to grow under forest-steppes of Ukraine.
Fitoenergetik based on vegetable raw materials is a new and promising area of
agricultural production. Therefore, energy willow as a high-performance culture has

the right to compete with other types of raw materials.

References

1. Poik M.B., I'ymentux M. ., Mamaiicyp B.B. IlepcriektuBu BUpPOIIyBaHHS
eHepreTuyHoi BepOM s BUPOOHUITBA OlomanmuBa // 30IpHUK HAYKOBHX TIpallb
[HcTuTyTYy OlO€HEpreTMUHUX KyJIbTyp 1 IyKpoBUX OypsikiB. — Bumyck 12. — Kuis,
2011. - C. 142-148.

2. I'eneryxa I'.I'. CyuacHuil cTaH Ta MepCHEPKTUBH PO3BUTKY O10€HEPTETHKU B
Vkpaini / I'.T'. T'eneryxa, T.A. XKenesna // Herpamuuunonnas sHepretuka. IIpom.
Temnorennka. — Ne3. — 2010. — C. 73-79

3. Omitnuk €. BupomryBaHHsS eHepreTHYHHMX IutaHTami / €. Omiitauk, T.
€noBikoBa // Arpocexrop. — Ne7-8.— 2007. http://journal.agrosector.com.ua/arhive/

4. Aummdepos I''1. Msa / I'U. Auuudepon. - M.: JlecH. npom-Tb. 1984. —
101c.



5. Bpanic €. M. Salix L. / Buznaunuk pocnun Ykpainu / 3a pex. J[.K. 3epora.
- K.: Ypoxait, 1965. — C. 186-193.

6. I'ogpuenko M.M. Metonnueckue yka3zaHus 10 U3YUYCHUIO U HCCIEAOBAHUIO
necHsix KynbTyp / M.U. IN'opauenko. — K.: YCXA, 1979. -90 c.

7. OmnucbkiB M.I. OcoOGnMBOCTI CTBOPEHHS IUIAHTAIN MIBUIAKOPOCIUX
nepesuux nopia / M.1. Onucekis, .. @yuuno, M.B. Courtna // Hayk. Bicuuk HAY.
—1999. — Bun. 20, - C. 81-87.

8. IOpkeBuu U./. PeHoNnOrnyecKue NCCIeI0BAHMUS IPEBECHBIX U TPABSIHUCTBIX
pacrenunit: Meroa. Ilocodue / M.JI. FOpkeuu., J.C. T'onon., 3.II. SApomeuy. —
Munck: Hayka u texnuka, 1980. — 88 c.

9. ®yuyuno A.J., Courna M.B., ®@yuuno O.., Jlitein B.M. CrBopenusa Ta
BUPOIIYBaHHS €HEPTreTUYHUX TMUIaHTalii Bepod 1 Tomons. — Kuis: Jloroc, 2009. — C.

24-25

Anomauisn

Kynuwo 1.0., I'ymenmux M.A.

Bupowyseanna enepzemuunoi eepou AK CUposuHu 01A GUPOOHUUMEA
meepoux euodie dionanuea

B cmammi poszensanymo ma npoamanizo8aHo SUKOPUCMAHHA CUPOBUHU HA
OCHOB8I eHepeemuyHoi 6epbu 011 BUPOOHUYMBA mMEepoux 6udie Oionaiusa.
Bcmanoesneno, wo sanposadscenns naanmayii enepeemudroi éepou 6yoe cnpusmu
RIOBUWEHHIO YACMKU DIoMacU 8 eHepeemuyuHoMy bananci Ykpainu.

Knrouoei cnoea: enepeemuuna eepba, bioenepeemuxa, biomaca, enepeemuyna

YIHHICMb.

Annomauyusn
Kynuwvo H.0., I'ymenmux A. M.
Buvipawueanue nepzemuueckoii uevl Kax Cculpba 0711 HPOU3EOOCHEA

meepovix U006 Ouomoniuea



B cmamve paccmompeno u npoananuzupoeamno ucnob3osaHue coipvs Hd
OCHOBe HSHepeemu4eckou usbl Ol NpoU3B00Cmea MmeepoblX U008 OUOMONIUBA.
Ycemanoeneno, umo 6600 naanmayuii sHepeemuieckol usvl 6yoem cnocobcmeosamo
NOBbIUEHUIO 001U DUOMACCHI 8 IHEPeMUYECKOM banance YKpauHl.

Kntouesvie cnoea: osmepeemuueckas uea, Ouodmepeemuka, ouomacca,

JHepecemuvdeCKasl YeHHOCMb.



