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IMPORTANCE AND ACTUALITY OF THE RESEARCH TOPIC

Millions of years ago fixed carbon have been cardirsly emitting due to
the increased use of fossil fuels in the last agegu Therefore, the carbon
dioxide concentration of the atmosphere has inestasm the pre-industrial
level of 300 ppm to over 400 ppm by now.

Biofuels are of the utmost importance to slow dakmate change caused
by greenhouse gases. On the other hand, usinggemsération biofuels
removes more and more agricultural land from foaddpction. This
tendency leads to changing of the land use streictaraddition, growing
population and transforming structure of consumpéie expected in the 21st
century.

The satisfaction of a multifaceted demand is a gigyroblem, because of
decreasing yields of crops due to the climate chaAg alternative solution
can be the large amount of biofuel production basedhdustrial, forestry
and agricultural by-products, which is justifiedlive near future. At the same
time, the shift from the linear economic to therbass-based economy model
requires a scientifically planned development mdlop production systems.

The dendromass cultivation to this system is edoddky well-adapted,
especially with short carbon cycle.

AIMS OF RESEARCH

One of the main limiting factors of lignocellulobefuel production is the
high investment cost of the plants. On the othedhtéhe main advantage of
the second generation biofuels are the wide vadétysable base materials.
At the same time, it needs to be considered thatctrange-over to bio-
products within the framework of circular econontsoaincreases the scope
of concurrent users. Therefore, one of the ainthk@fesearch is to carry out
the estimation of forest and agricultural by-pragugotential for
lignocellulose biofuel production in Hungary. Thefroducts are showing a
different territorial intensity. Minimizing their allection and transport
distances is an important task both ecologicallyd asconomically.
Consequently, it is essential aim to compare theired collection areas of
different base materials and to extend them t@ghkcondition.

The short rotation woody biomass as alternativee baaterial was also
evaluated. The coppicing technology generates thood, which has
different properties compared to the wood matediivered by forestry
production. It is necessary to examine its usabiitt biofuel production by
determining the energetic parameters.



According to literary sources, the role of the dgke of plantations in soll
repair and carbon capture from atmosphere is stgm. In Hungary, there
are no examples to examination of foliage massmsasuring them and
completed with data of root and wood mass gives dpportunity to
determine the amount of carbon capture by the glimmt Considering the
CO; emissions of the used machines, during cultivati@msport and biofuel
processing, it is also possible to determine thewarnof carbon emission for
the whole life cycle of liquefied biofuels. Howeydhe latest legislation
primarily encourage the use of electric drive, Ise tomparison of energy
efficiency of the dendromass use for different sgs is important.

MATERIAL AND METHODS

The research was carried out with the analysistefmational and Hungarian
literature, with the evaluation of the data of istatal offices and with
measurements on the experimental plantation atiteienergy laboratory.

The estimation of the base material potential gridicellulose biofuels was

realized by the following main methods:

- estimation of the generated and collectable pakmf woody by-
products, such as forest residues, grape cuttingechards pruning in
Hungary by counties;

- detection of the free usable potential, taking axtoount the base material
needs of the currently operation and in the fuexgected major utilizer,

- comparison of the energy content of the collectaldisdromass and of
the high lignocellulose containing herbaceous mdpcts.

The base material footprint under theoretically dibons for one unit of
biofuel energy was carried out on three countesfive types of biofuels,
on four main agricultural products and on thredntignocellulose containing
woody and herbaceous by-products. The impact wfatk change on the size
of the collection area was qualified consideringfictuation of the biomass
yield. In the case of corn and corn stalk the esitenfor the real condition
was used the GIS method within two 50 km radius afeHungary. In the
case of the forest residues, was taken into acdbaribtal area of one of the
choosen forestry company.

The usability of energy plantations for biofuel guotion and the role of
carbon sequestration was examined on the ERTI Hayperimental
plantation with the selecting of the following spgsgclones:

- Populus x euramericana 'l-214',
- Populus x euramericana 'Koltay',
- Robinia pseudoacacia,

- Slix alba 'Dravamenti’



During the research the following parameters wesasured on one, two and
three years plant:

- the number of shoots per plant,

- the wet weight of the shoots,

- the diameter of shootsddand d; 3),

- the height of shoots,

- the mass of foliage and

- the foliage area belonging to shoots.

The energetic parameters were analysed in labgratbthe Institute of
Forest- and Environmental Techniques and of theecwrof elements was
measured in the Institute of the Environment andtiE&cience at the
University of Sopron. The following parameters weletermined for the
samples:

- the moisture content of the wood with bark, of laek and of the leaf,
- weighing bark and wood separately,

- the calorific value of the wood with bark, and ookbark

- the ash content of the wood with bark and onlyarkb

- the element content on the foliage.

By evaluating the obtained data were determinedegddfeto wood mass ratio,
the area of the foliage belonging to the shootsptrk to wood ratio and the
wood density depending on the cutting cycle.

SUMMARY OF RESEARCH RESULTS, USABILITY IN THE PRACTICE

Hungary has already significant capacities in tragpction of conventional

biofuels. However, the European Union regulationd encourage the

production of non-crop-based biofuels in the futlinstalling lignocellulose

biofuel plants can be only achieved with the hdlpemtral funding sources
or large industrial investors due to their extrgniatge investment needs. It
requires well-founded decision-making, which is afi¢he main pillars of

the right base material supply. The research cotrersestimation of the

potential of dendromass by-products and the exgdeatethod of they

utilization. The potential estimation will help@hoosing of installation place
and technology of future plants.

The forest residues represent a significant prapormf the examined by-
products; however, they need the largest colledci@a for production unit
of biofuel. According to the investigation, the shimtation coppices are a
possible alternative solution to the base matstgply of increasing biofuel
requirements. Significant installation of plantasocan be achieved by
developing and providing the appropriate suppostesy. They offer high
biomass output per hectare, while improves therocgaontent of low-quality
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agricultural soils due to the intensive foliage aadt production. All in all
they can play an important role of the atmosph€fa sequestration in the
future. During the research developed method almwestimate the weight
of the foliage in the case of known shoots diamé@er) or weight. With
help this data it can be calculated to transpast@dunt of carbon nutrients
into the soil.

The carbon life cycle of the biofuels based on shert rotation woody
biomass production is low, thanks to the short@artycle of the dendromass
production. High bark content is disadvantageoosifa technological point
of view; therefore, it is suggested to mix it witkarkless sawdust during
pyrolytic biooil production. However, it can be dsalone to supply
combined heat and power plants with high efficiendye latter will in the
near future a benefit in Hungary because the felisdzhnology is available
and the investment risk is low.

THESES, NEW RESEARCH RESULTS
The author provide the following theses in conrettvith her research:

1. Based on the potential assessment in Hungary tduddi base materials
about 1 million tons of dendromass by-productsgemeerated annually in
forestry and in agriculture. Considering both egatal and technological
aspects, about 700,000 tons of wet biomass canolected, which is
slightly more than 8% of the energy content of ecthble herbaceous by-
products. Currently operating power and heatingitglare tying of these
by-products in the event of collection and abou@-160 thousand tons of
free potential appears in the south-east parteottuntry.

2. A new measuring system has been introduced aseanhai®rial footprint,
which shows the required collection area for a wmergy content of
biofuel, examined under theoretical and real comadlitThe collection area
of forest residues in Hungary is approximately 0.3-ha under theoretical
condition and 6.3-39.5 ha under real conditiontf@ production of 10 GJ
biooil, depending on the logging practice. Companwét agricultural main
and by-products, the collecting area of forestdwss is smaller under
theoretical conditions, while under real conditrequired larger collection
area for producing the same energy containing biefu

3. The conversion of base material from short rotatioppices to biofuels by
thermochemical process is firstly made by its Hghk ratio difficult. The
6% to 18% bark ratio of base material results dncamtent of 2-3%, the
value depends on the tree species and on the atidtivtechnology. It is
advisable to apply the maximal applicable rotatianvest technology on
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the plantation, but at least two years, in the aaswillow three years.
Furthermore, in case of each species it is suggélseemixing of the base
material with barkless sawdust during thermochelhitiéization, which
generated as wood processing by-product.

4. The carbon sequestration in the foliage of the woerergy crops on the
examined plantation with applying three years rotaharvest technology
is about 8-46 t/ha depending on the tree speaiesgithe 20-years lifetime
period. This value decreases by 17% in the calsecojears harvest rotation
technology, and by 48% with a yearly harvéxpulus X euramericana
'Koltay' showed the most favorable properties foegrddation
characteristics on the examined area, examininip@mspects of ecology,
guantity and C/N content. The role of roots in carbequestration is similar
to the foliage.

5. A method has been developed to estimate the weigfdliage of short
rotation coppice. The practice of non-destructiwasurements requires the
annual estimation of the amount of foliage by stehameter in cutting
height (@,1) during vegetation period. The tendency of thatrehship
between steam diameter and foliage weight is bestribed with the
Avrami equation. Using this in the case of knowanadéter (d1), the weight
of foliage belonging to steam (Lm) can be estimaldte goodness of fit
(R) and the equation for the four examined speaieghe following:

Species Goodness of fit (R)

Equation
Populus x R =0,98
euramericana Lm = (6318,5) * (1 — exp(—1 * (((0,00500066) * dy1)"(2,1322))))
'Koltay’ +(2,91295)
Populus x R =0,97
euramericana Lm = (365,606) * (1 — exp(—1 = (((0,0250635) * do ;)" (3,51832))))
'1-214’ +(11,1053)
: R=10,95
Salix alba '
Y~ 2 . Lm = (1416,74) = (1 — exp(—1 = (((0,00830169) * d, 1)"(2,56758))))
Dravamenti + (8,92634)
- R=0,95
Robinia !
pseudoacacia Lm = (0,719686) * (1 — exp(—1 = (((0,0235838) * dy;)"(3,30563))))

+(0,00702737)



6.

It is approximately 54 g of C is emitted during tbeltivation of base
material from short rotation plantation with theseage yield of 10 t/ha/yr
dry mass, the biofuel production, the refining d@he product utilization
process of 1MJ biooil. During the calculation, @swconsidered that waste
energy generated during biooil production is used drying the base
material and for the plant's own energy consump#gproximately 6.5%
of the emitted carbon comes from fossil fuels dyitime biofuel life cycle
and the rest are neutral due to the short carbate cyase material
cultivation. Considering the high carbon emissiohgertilizer production,
an additional 1 g of C is emitted during the lifele of each MJ biofuel, of
which comes from more than 9% fossil sources.

In Hungary, from the energy efficiency point ofwiéhe use of dendromass
based electricity in the road transport is morefatsle than liquid biofuel
produced by pyrolysis. In latter case using 1 tbrdendromass, 38 km
distance can be achieved with average fuel consamjpind 39-45 km
distance with electric car depending on the efficieof the power plant.
During the potential estimation detected ca. 100 0dee dendromass by-
product could satisfy for 0.6-0.7% of the energyedeof total fuel
consumption in Hungary, and in the case of theectbn of the total
700,000 tons, more than 4% could be achieved dapgndn the
technology, applied the RED II. multipliers.
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