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International Workshop
AGROMATERIALS FOR INDUSTRIAL USE
Prague, August 25-26, 1994

This Workshop was organized by the International Society for Agromaterials Science and Engineering (ISASE)
in Prague. The main task of this Workshop, sponsored by Agrobanka Praha, a. s., and by the Czech University
of Agriculture in Prague, was taking an inventory of and evaluating various activities in and options recently have
become available to vegetable production designed for non-foodstuff purposes. The significance of these activities
is now namely in the possibility of decreasing the output of foodstuffs, a part of which form unmarketable surplus,
and using the soil fund for other marketing purposes, especially for the production of raw materials for manufac-
turing fuels of various forms (organic waste, wood, liquid fuels, biogas, etc.), as well as for manufacturing various
materials which can then be used in the engineering, building and textile industries, in packing products, etc.
(fibres, oils, starch and other components).

Of the twenty-four participants in the Workshop, 14 of them were from abroad, most devoted themselves to
two groups of problems: to the production of biomass, designed primarily for power engineering purposes, and
comprehensive problems of production and processing vegetable fibres. The theoretical scope of the first group
of problems was provided by L. N4tr’s paper, supplemented by papers by S. Nonhebel and K. Gartland
who deal with their specific domestic problems (the Netherlands and Great Britain). The paper of Z. Pastorek
and J. Wolf was devoted to the technical problems of manufacturing biogas in the Czech Republic. J. Kdra
dealt with the exploitation of biomass for power engineering purposes. A slight departure from the principal topic
of the problem was R. Carlsson’s paper on the fractionation of Chenopodiaceae species and the papers of
G. Skubisz and A. Kuczynski devoted to the properties of some plant products (rape stalk and apple).
This series of papers was completed by the paper of absent authors: J. Tlavsky, E. Majer and M.
Moravec, which analyzes the exploitation of lumber waste in the Slovak Republic. This part of the Workshop
was added by a round-table discussion on ,,Biological resources — present and future”, chaired by L. Natr and
S. Nonhebel.

The second group of problems was represented namely by the papers of the staff of the Institute of Natural
Fibres from Poznan (Poland), headed by the the Director of the Institute, R. Kozlowski. These papers deal
with nearly all the aspects of growing and processing flax and hemp under Central European conditions. An
important presentation of the German programme of growing and processing flax was the paper by K.-H.
Kromer. This was supplemented by information on the established database on flax data (P. Piitz and A.
Beckmann), and on methods of determining the quality of flax fibre (A. Beckmann and K.-H. Kromer).
Information on the present state of the Czech flax industry was presented by L. Rosenberg, P. Smirous
and S. Krmela. Problems of biologically degradable materials on the basis of starch were discussed in J.
Drobnik’s paper. The paperby J. Blahovec was devoted to the economic aspects of processing agricultural
materials. This group of problems was finished by a round-table discussion of ,Processing agricultural materials*
(J. Drobnik).

The papers presented at the Workshop and submitted in written form in these special issues of the journal
Zemédélskd Technika (Agricultural Engineering). Depending on their extent and manner of presentation, they are
published either as an original paper, or as a current topic. It should be pointed out that dividing the papers into
the two above groups has nothing to do with their quality. All papers of discussion or information nature, and
papers which were not sufficiently supported by references, had to be included among the current topics in line
with the journal’s tradition.

In conclusion of this brief introduction, I would like to thank all the participants in the Workshop for the very
active parts they took in all sessions. I would like to assure them that I very much appreciate their enthusiasm
and erudition. I also wish to thank all the members of the Organizing Committee and assistants for their help in
preparing and organizing the Workshop. Last, but not least, my thanks are due to the sponsors to whom I am
indebted for providing the possibility of organizing the Workshop.

Prague, October 29, 1994 Jiff Blahovec

Organizing committee

Jiff Blahovec (chairman), Czech University of Agricul-
ture, Prague

Alena Blahovcova (assistant)

Pavel Poldk (assistant), Czech University of Agriculture,
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Jaroslav Drobnik, Charles University, Prague

Zdengk Sprynar, Ceskomoravsky len, a. s., Humpolec

Zdenék Pastorek, Research Institute of Agricultural
Engineering, Prague
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International workshop
AGROMATERIALS FOR INDUSTRIAL USE
Prague, August 25-26, 1994

Pracovni setkdni pojmenované Agromaterials for Industrial Use organizovala mezindrodni spole¢nost pro
nauku o zemé&d&lskych materidlech ISASE (International Society of Agromaterials Science and Engineering) se
sidlem v Praze. Hlavni tikol tohoto setkani, které bylo sponzorovdno Agrobankou Praha, a. s., a Ceskou zemé-
délskou univerzitou v Praze, spocival v inventufe a zhodnoceni riiznych aktivit a moZnosti nové se nabizejicich
pro rostlinnou produkci uréenou k nepotravinafskym déelim. Vyznam zminénych aktivit spo¢iva v soucasné dobé
zejména v moznosti sniZit produkci potravin, z nichZ &4st tvofi neprodejné piebytky, pfi trznim vyuZiti pidniho
fondu k jingm u&eliim, zejména k produkci surovin pro vyrobu paliv v riznych forméch (organické zbytky, dfevo,
tekutd paliva, bioplyn apod.) a pro vyrobu riznych materidld s dal$im vyuZitim ve strojirenstvi, stavebnictvi,
v textilnim primyslu, pfi baleni produktii apod. (vldkna, oleje, $krob a dal$i komponenty).

Z dvaceti &tyf ucastnikd setkéni, z nichZ &trndct bylo ze zahrani&i, se pfevaZnd &4st zabyvala dv&ma okruhy
problému: produkci biomasy ur¢ené pfevdZné k energetickym tceliim a komplexnimi problémy s produkcefi a zpra-
covdnim rostlinngch vldken. Teoreticky rdmec prvé skuping problémi dala pfedndlka L. Nédtra, doplnénd
pfedndikami S. Nonheblové a K. Gartlanda, které se zabyvaly specifickymi problémy v domdcich
podminkdch (Nizozemi a Velkd Britdnie). Technickym problémim pfi vyrobé bioplynu v ¢eskych podminkéch
byl vénovén piispévek Z. Pastorka a J. Wolfa. VyuZitim biomasy k energetickym t¢elim v Ceské repub-
lice se zabyval J. Kdra. Trochu stranou od hlavnfho t€Zi§t€ problému byla pfednddka R. Carlssona, véno-
vand frakcionaci merlikovitych, a pifspévky K. Skubiszové a A. Kuczynského, vé€nované vlastnostem
n&kterych rostlinnych produkti (lodyha fepky a jablko). Tuto fadu praci uzavira pfispévek nepfitomnych autord
J.Ilavského,E. Majera aM. Moravce, ktery rozebird vyuziti dfevniho odpadu ve Slovenské republice.
Prvou &ast setkdni uzaviela diskuse u kulatého stolu, kterou pod ndzvem Biologické zdroje — soucasny stav
a vyhled vedli L. Ndtr aS. Nonheblovai.

Druhy okruh problémi je reprezentovdn zejména pfispévky skupiny pracovnikéi Ustavu piirodnich vidken
z Poznané (Polsko), vedenych feditelem tstavu R. Kozlowskim. V téhto pfispévcich se objevuji téméf
vechny aspekty péstovani a zpracovéni Inu a konopi ve stfedoevropskych podminkédch. Vyznamnou prezentaci
némeckého programu péstovani a zpracovén{ Inu je pfedndska K.-H. Kromera. Dopliiujf ji informace o vy-
tvofené databdzi poznatkl o Inu (P. Piitz a A. Beckmann) a metoddch urfovéni kvality Inéného vldkna
(A. Beckmann a K.-H. Kromer). Informaci o sou¢asném stavu &eského Inéfstvi podal L. Rosenberg,
P. Smirous aS. Krmela. Problematice biologicky rozloZitelngch materidlii na b4zi $krobu je v&novan
piispévek J. Drobnika. Ekonomickymi aspekty zpracovdni zemé&délskych materidlli se zabyva pfispévek
J. Blahovce. Cely tento okruh otdzek uzavird diskuse u kulatého stolu na téma Zpracovén{ zemédélskych
materidld (J. Drobnik).

Pi{sp&vky prezentované na pracovnim setkéni, které byly pfedloZeny pisemné, jsou uvedeny ve dvou specidl-
nich &islech Casopisu Zemédélska technika. Podle rozsahu a zplsobu zpracovini je uvddime bud' jako piivodni
préce, nebo jako aktuality. Zde je tfeba se zminit, Ze zafazeni pfisp&vki do obou zminénych skupin nemd nic
spole&ného s jejich vyS$si ¢i niZ3i kvalitou. Mezi aktuality musely byt podle tradice ¢asopisu zafazeny vSechny
préce diskusniho a informacniho charakteru, popf. prace, které nebyly dostate¢né doloZeny literdrnimi prameny.

Na zdvér struéného tivodu bych rdd pod&koval viem udastnikiim pracovniho setkdnf za jejich velmi aktivnf
pfistup ke viem jedndnfm. Chtél bych je ujistit, Ze si velice vdZim jejich enthusiasmu a erudice. Chtél bych také
pod&kovat viem ¢&lenim organizanfho v§boru a pomocnikim za pomoc pfi pifpravé a organizaci pracovntho
setkdni. Mij dik patfi v neposledni fad® i sponzorujicim organizacim, jejichZ pomoci vdé&ime za moZnost
realizovat zminénou akci.

Praha, 29. 10. 1994 Jiff Blahovec
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CHENOPODIACEAE SPECIES FOR GREEN BIOMASS
AND GRAIN PRODUCTS FOR INDUSTRY

MERLIKOVITE DRUHY JAKO ZDROJ ZELENE BIOMASY A ZRNA
PRO PRUMYSL

R. Carlsson

Institute of Plant Physiology, University of Lund, Lund, Sweden

ABSTRACT: The paper deals with the plants of the goosefoot family, particularly with fat hen, goosefoot, kochia and spear
thistle which can be cultivated on dry soil with high content of salt and they have high yields of dry matter (14 to 16 tha™)
under these conditions at high protein content (in Chilean goosefoot the protein yield per 1 hectare is higher than 1,200 kg).
Proteins obtained from various parts of goosefoot family plants are very rich in valuable amino acids, such as lysine,
methionine and cysteine. Green biomass can be used rationally as a source of food, feeds and valuable substances for
pharmaceutical industry by fractionation method which is technically provided. Different possibilities of green biomass
processed by fractionation are charted in Fig. 1. Similarly, it is possible to use seeds of some other goosefoot species. This
information is confirmed by experimental values acquired during cultivation of goosefoot family plants in various parts of
the world (Tabs. I to 1V).

Chenopodiaceae species; leaf proteins; amino acids; foods; feeds; pharmaceutical industry

ABSTRAKT:Préce se zabyvad merlikovitymi rostlinami, zejména lebedou, merlikem, bytelem a slanobylem, které se mohou
péstovat na suché piidé s vysokym obsahem soli a v téchto podminkdch maji vysoké vynosy suSiny (14 aZ 16 t.ha™! za rok)
pfi vysokém obsahu bflkovin (u merlfku chilského je vynos bilkovin z hektaru vys$§i nez 1 200 kg). Bilkoviny ziskané
z riiznych ¢ésti merlikovitych jsou velmi bohaté na cenné aminokyseliny, jako je lysin, methionin a cystein. Zelenou biomasu
Ize raciondlng vyuZit jako zdroj potravin, krmiv a cennych ldtek pro farmaceuticky primysl metodou frakcionace, kterd je
technicky zvlddnuta. Rizné moZnosti zpracovani zelené biomasy metodou frakcionace jsou graficky zndzornény v obr. 1.
Obdobné je moZné vyuZit semen nékterych daldich druhii merlikovitych. Tyto informace jsou potvrzeny experimentdlnimi

hodnotami zfskanych pfi péstovini merlikovitych v riznych &istech svéta (tab. I az 1V).

Chenopodiaceae species; listové proteiny; aminokyseliny; potraviny; krmiva; farmaceuticky primysl

INTRODUCTION

The biological diversity of plants offers a wide range
of underutilized and potential plants for production of
more food and raw materials for industrial uses (National
Research Council, 1990; Wickens et al., 1989).

Several Chenopodiaceae plants are adapted to or
grow fairly well on dry saline soils (Carlsson,
1993a, b). This extends the potential areas for new ag-
ricultural crops. Chenopodiaceae species from the ge-
nera Atriplex, Chenopodium, Kochia, Salicornia, San-
sola and Suaeda seem possible to grow on mentioned
types of marginal lands. Such lands cover up to 25%
of available arable lands (Nabors, 1985).

The mentioned Chenopodiaceae plants have been
used as forage and fodder crops, “spinach* vegetables,
and as pseudocereals.

For the former two utilizations the green plant
biomass can be wet-fractionated to produce a fibrous,
pressed crop (PC) for bioenergy, paper pulp, and rumi-
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nant fodder, a leaf nutrient concentrates (LNC) for hu-
man food supplements, non-ruminant feed, and lipo-
philic phytochemicals, and a de-proteinized brown
juice (DPJ) for industrial fermentations, including etha-
nol and biogas production (Carlsson, 1993a;
Fig. 1).

The grains are a potential, good source for food pro-
teins, starch, oils and other constituents for industry
(Carlsson, 1993a).

Also, the occurrence of gluten-allergy by consump-
tion of temperate cereal grains makes grains from
pseudocereals interesting for medical diets as well as
for health food industry, as the latest types of grains do
not cause gluten intolerance.

GREEN BIOMASS

The dry matter production of native stands of forage
species of Chenopodiaceae has been recorded to be-
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tween 14 to 18 tonnes per ha. Under controlled cultivation
in agriculture, species of Atriplex, Chenopodium, Kochia
and Salicornia are most productive (Carlsson, 1993a).
For example, the true protein yield per ha of green
biomass of Chenopodium quinoa and Atriplex hortensis
was more than 1 200 kg (Carlsson, 1980).
Wet-fractionation of the green biomass of Atriplex,
Chenopodium and Kochia species produces LNC with
a protein content of 50 to 60% of the DM. The well-

1. Wet-fi of green bi

-balanced protein amino acid composition of LNC has
in in vivo feed experiments with rats given high nutritive
values, similar to the ones of milk protein (Car-
Isson, 1980, 1984). The lysine values of LNC range
from 5.7 to 7.0% of the protein, the methionine values
from 1.8 to 2.3%, and the cystein values from 1.5 to
1.7% (Carlsson, 1993a).

When necessary, the leaf proteins for LNC can be
further fractionated into a green, chloroplastic-enriched

1. Proximate composition of grains of species of Chenopodiaceae (% of DM)

Latin name (Reference) Stach | Protein |  Lipids |  Fibre Ash
Atriplex:
A. hortensis - 30.5 74 28 3.7
50 20.9 6.4 - -
A. canescens - 54 1.0 - 6.5
A. triangularis - 16.4 9.4 - 35
Chenopodium:
C. album 65.8 16.0 7.0 - 3.0
- 18.2 - - -
C. amaranticolor - 16.4 - - -
C. giganteum - 19.0 - - -
C. pallidicaule 58.6 15.2 8.0 39 34
C. quinoa 58 16 4.5 - -
59.7 13.8 5.0 4.1 34
60 17.3 6.3 20 36
61.6 14.3 2.6 2.8 3.1
Kochia:
K. scoparia | = | 29.0 | 136 | 6.1 | 48
Salsola:
5. kali | = | 99 | : | 104 | 7.4
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11. Amino acid composition of extracted protein fractions of At-
riplex hortensis L. cv BP 150 (mg amino acid per 100 mg amino
acids)

11I. Amino acid composition of extracted protein fractions of Che-
nopodium album L. cv C 4-India (mg amino acid per 100 mg amino
acids)

Kt i Protein fraction —_— Protein fraction
Albumin | Globulin | Prolamin | Glutelin Albumin | Globulin | Prolamin | Glutelin

Cysteine 1.6 1.7 53 1.9 Cysteine 2.0 1.1 6.0 1.6
Methionine 3.1 22 1.4 25 Methionine 33 33 22 33
Aspartic acid 10.1 11.4 7.6 10.3 Aspartic acid 10.8 9.9 19 9.6
Threonine 59 53 3.7 34 Threonine 59 4.1 47 3.7
Serine 5.4 5.8 43 6.0 Serine 5.7 5.6 49 52
Glutamic acid 14.6 152 13.4 20.0 Glutamic acid 159 17.0 17.4 185
Proline 3.0 2.1 15.5 44 Proline 25 3.7 6.0 4.7
Glycine 58 58 8.6 45 Glycine 6.1 55 94 56
Alanine 5.1 5.1 5.6 3.6 Alanine 5.6 43 6.8 4.0
Valine 6.0 6.3 37 5.0 Valine 58 56 44 5.0
Isoleucine 5.0 4.8 3.6 48 Isoleucine 48 55 34 5.1
Leucine 16 79 52 58 Leucine 7.6 73 6.2 6.4
Tyrosine 38 4.1 52 36 Tyrosine 38 4.2 58 4.0
Phenylalanine 52 5.5 36 44 Phenylalanine 49 4.8 4.6 438
Lysine 73 7.0 3.1 42 Lysine 6.6 5.6 34 4.5
Hystidine 2.7 24 2.6 35 Hystidine 22 3.1 1.3 3.6
Arginine 8.1 7.4 44 12.6 Arginine 6.3 9.2 5.6 10.6

Source: (Author)

LNC and soluble proteins such as Rubisco protein (F I-
-protein) and F II-proteins for food industry. The amino
acid composition of soluble leaf proteins is even better
than the one for LNC. F I and II proteins have good
functional properties (Carlsson, 1985). The white
F I + F II protein isolates of C. quinoa and A. hortensis
have a high nutritive value in vivo (Ostrowski-
-Meissner etal, 1984).

The LNC in general is a good food supplement
source, not only for its high-quality proteins, but also
for its high contents of beta-carotene, and minerals,
such as iron and calcium (Carlsson, 1983).

The LNC has been incorporated into flour-based
products (pasta and bread), ice cream, and meat pro-
ducts. The use as food supplement is utilized in tropical
countries, such as Bolivia, Mexico, Nicaragua, Bangla-
desh, India, Pakistan, and Sri Lanka (Find Your Feet,
1991).

GRAINS

Pseudocereals especially of Chenopodium quinoa
and related species, such as C. nuttalie and C. pallidi-
caule were used for long times in South America as
food (Carlsson, 1993a; Tab.I; Tapia, 1979; Risi
and Galwey, 1984). Grains of other species, e. g.
Atriplex species were used as a source of edible oil.

The grain yield has been quoted to be from 2 to
10 tonnes per ha, and the grain protein yield up to

ZEMEDELSKA TECHNIKA, 41, 1995 (2): 4346

Source: (Author)

970 kg per ha for different Chenopodiaceae species
(Carlsson, 1993a; the same reference valid for the
text below, too).

The grain protein content for different Chenopodia-
ceae species varies from 15 to 30% protein of the DM.
The content of fat/oil varies from 5 to 9%, and the
starch content from 50 to 60%.

The whole grain protein is rich in lysine (up to 7.0%),
methionine (up to 2.3%), and cysteine (up to 2.0%),
which makes it one of the best composed food grain
proteins. The grain proteins have been fractionated into
albumin, globulin, prolamin, and glutelin. It was found
out that albumin had the highest lysine content
(6.6-7.3%) as well as the highest methionine content
(3.1-4.4%), while the highest cysteine content was re-
corded for prolamin (3.9-6.0%) (Tabs. II-IV). As the
contents of each protein fraction vary between cultivars
and provenances, it is possible to make a simple ge-
netic selection for even better composed whole grain
protein.

CONCLUSIONS

Several Chenopodiaceae species contain high qual-
ity proteins, both in their green biomass and in their
grains. The species are promising raw material sources
for industrial use of protein, starch, fat, fibres and phy-
tochemicals from plants grown at marginal lands that
are dry or saline (Carlsson, 1993a).
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IV. Amino acid composition of extracted protein fractions of Che-
nopodium quinoa Willd. cv Sajama-Bolivia (mg amino acid per
100 mg amino acids)

e —— Protein fraction
Albumin | Globulin | Prolamin | Glutelin

Cysteine 1.4 13 39 0.9
Methionine 44 1.7 1.7 22
Aspartic acid 9.9 10.8 7.1 11.0
Threonine 52 4.0 45 4.5
Serine 5.5 6.3 5.0 5.0
Glutamic acid 16.1 18.8 14.0 18.0
Proline 22 3.0 10.1 53
Glycine 55 5.5 9.4 58
Alanine 53 54 46 56
Valine 5.8 5.0 38 6.4
Isoleucine 42 48 2.6 59
Leucine 8.0 8.0 6.4 8.3
Tyrosine 38 38 58 4.1
Phenylalanine 438 5.2 35 58
Lysine 6.9 4.4 6.0 37
Hystidine 29 34 36 25
Arginine 8.1 9.6 73 8.2

Source: (Author)
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BIOMASS POTENTIAL AS A SOURCE OF ENERGY
IN THE CZECH REPUBLIC

BIOMASA JAKO ZDROJ ENERGIE V CESKE REPUBLICE

J. Kara

Research Institute of Agricultural Engineering, Praha, Czech Republic

ABSTRACT: Inspection of available sources of biomass in the Czech Republic shows that about 7 million tons of these
materials should be used annually for energy purposes directly in the countryside. This regards to about 1 million tons of
wood waste, 2.5 million tons straw agricultural waste (maize and rape), 1 million tons of fast-growing tree species, 1.5 million
tons of municipal waste and 1 million tons industrial waste. A great amount of radiation is produced during combustion of
waste wood of various heat output from small boilers for heating of households to the output of 3 MW (Sigma Brno, CKD
Praha - Fig. 1). Equipment for combustion of straw is missing at the moment. The researchers of the Research Institute of
Agricultural Engineering in Prague deal with its development in cooperation with Austria and Denmark. Rural regions have
not prepared the energy conception till now. Market prices of fuels will create prerequisites for higher utilization of biomass
as a source of heat, the district heating of regions or cities by heat acquired from combustion of biomass seems to be
prospective. Central heating of villages may be based upon present heating plants of enterprises by adjustment to biomass
combustion (output of 1 to 10 MW is predicted). The whole spectrum of smaller facilities intended for biomass combustion
is required for households (up to 30 kW), enterprises, halls, etc. (20 to 500 kW). Respective devices should be tested and
approved as soon as possible, the machines and equipment (chip machines, presses, transport vehicles, and so on). These
demands are associated with necessity to amend the present standard being in effort in this sphere. o

wood waste; straw agricultural wastes; fast-growing tree species; municipal wastes; industrial wastes; biomass combustion

ABSTRAKT: Inventura dostupnych zdrojii biomasy v Ceské republice ukazuje, e cca 7 miliond tun téchto materidldi by
mohlo byt roéné& pouZito k energetickym tcelim pfimo na venkové. Jde o cca 1 mil. tun dfevniho odpadu, 2,5 mil. tun
slamnatych zemé&délskych odpadi (kukufice a fepka), 1 mil. tun rychle rostoucich dfevin, 1,5 mil. tun komunélnich odpadi
a 1 mil. tun primyslovych odpadii. Vyrébi se velké mnoZstvi zafizen{ pro spalovéni odpadového dfeva s riiznym tepelnym
vykonem od malych kotlli pro vytipéni domdcnosti aZ po vykon 3 MW (Sigma Brno, CKD Praha — obr. 1). Zatfm chybf
zafizeni na spalovéni sldmy. Jeho vyvojem se zabyvaji pracovnici Vyzkumného tstavu zemédélské techniky v Praze v ko-
operaci s Rakouskem a D4nskem. Ve venkovskych regionech vSak neni zpracovina energetickd koncepce. Trinf ceny paliv
vytvoif pfedpoklady pro vy33i vyuZiti biomasy jako zdroje tepla, perspektivni se zdd ddlkové vytapénf regioni & mést teplem
zfskanym spalovanfm biomasy. Centrédln{ vytdpén{ vesnic miZe vychdzet z dosavadnich vytopen podnikd dpravou na spalo-
vén{ biomasy (lze pfedpoklddat vykon 1 az 10 MW). Celé spektrum mensich zafizeni uréenych ke spalovéni biomasy je
potiebné pro vytdpéni domdacnosti (do 30 kW), podniki, hal apod. (20 az 500 kW). Pfisluinéd zafizeni by mé&la byt urychlené
zkou$ena a schvalovéna, mély by byt vyvijeny potiebné stroje a zafizeni (St&pkovace, lisy, pfepravnf zafizeni apod.). Tyto
potfeby souvisf s nutnost{ tprav soutasnych norem v této oblasti.

dfevni odpad; slamnaté zemé&délské odpady; rychle rostouci dfeviny; komundln{ odpady; primyslové odpady; spalovén{ biomasy

INTRODUCTION however, relative proximity and easily to be processed

in the villages and agricultural plants.

Energetic potential of the combustible wastes of the
biologic origin from agricultural production and from
household which are within area of the Czech Republic
and which have not been mostly used for the purpose
of the energy production is considerable. Similar qual-
ity of above lead waste materials is a wood waste as
a rest of wood cutting and processing and/or even hav-
ing its origin in wood growing and cultivating. All
above-stated waste materials have these common sings:
diversification all over the state area and they have,
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Estimation is 40 up to 50% of heat consumption in
country side fleets and drying processes in the agricul-
tural production can be covered from these sources, i. e.
mainly brown coal be substituted in this portion from
these sources (K4ra et al., 1992).

Great amount of straw remains in the stacks without
any use where step by step is destroyed due to high
percentage of the corn on the arable land and high share
of cattle breeding without use of straw. Great portion
of straw, especially rape straw, is burnt just in the field
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even with the risk of ecology difficulties. Significant
and classics energetic source is wood. Various remains
of wood processing and forest cultivating can be used
for heating. It cannot be said that wood remains are the
waste in the very sense of the word because stated
wood together with other biomass (such as leaves and
pine-needles) is a part of natural nutrients circulation
in the forest ecosystems and its long-lasting taking
away might cause soil quality degradation.

Some portion of energy and costs have to be in-
vested into transport preparation and concentration be-
fore these sources are prepared to exploitation. Average
energy consumption of production and transport
(within distance of 40 km) of 1 000 m? of wooden chips
is 10.4 t of diesel oil. Energy profit from chips com-
bustion is as much as ten times higher than invested
energy in the form of diesel oil (Kdra et al., 1991).

Investigations led out 4 years ago showed that ap-
proximately 50 million of cubic meters (25 million
tons) of the wood which could be exploited for energy
production — in the form of chips, branches, twigs and
other remains from tree cutting were in the forests of
the Czech Republic. This raw material is, however, in
various degrees of decay, so real supply of this source
is only partial. These sources are highly probable to be
exploited above all by private owners of the forests.
Household waste combustible share of which constantly
increases due to higher quality of the packing, is very
difficult to be stored at the ecology unbearable depots.

There are several reasons causing this state, one of
them is still cheap and state-subsidized ,classic* energy
which does not allow economic exploitation of ,,non-
classics* sources.

MATERIAL AND METHODS

SOURCES OF WASTE MATERIALS EXPLOITABLE
FOR POWER PRODUCTION IN THE CZECH
REPUBLIC (COUNTRYSIDE)

Information sources say that countryside regions
will have available following combustible waste mate-
rials in several future years:

waste wood I million tons

corn and rape straw 2.5 million tons

quickly growing wood species and products ex-

ploitable for energy production i million/fons

municipal waste 1.5 million tons

other combustible waste (industrial production) | million tons

total 7 million tons

Total wood cutting from forests in Czech Republic rep-
resents 10 million tons of wooden mass (excluding remains
in forests) in several last years (Ilavsky etal., 1991).

Total corn straw production represents approxi-
mately 10 million tons, rape straw production is more
than half a million tons in several last years.
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More than 40%, i. e. approx. 4 million of inhabitants
live in countryside regions including small towns. Eve-
ryone of them produces (on average) 150 up to 300 kg
of combustible waste materials per annum, i. e. 0.4 up
to 0.8 kg daily.

Combustible waste materials from industry, building
and service sphere represent 1 million tons.

Brown coal consumption for household heating was
estimated to 6 million tons the Czech Republic in 1970.

RESULTS

APPLIANCES ALLOWING EXPLOITATION
OF ORGANIC ORIGIN WASTE MATERIALS
IN THE CZECH REPUBLIC

Some portion of quality waste wood and waste pa-
per, maybe even of straw, will be still exploited for
industrial processing. Estimation is that this portion
would not exceed 10% of the real available quantity.

Number of appliances enabling combustion of min-
ute waste wood, i. e. sawdust, chips etc., was developed
and led into production in the CR in recent years. They
are especially boilers for small houses (Verner, Cer-
veny Kostelec; Cankaf, B&ld pod Bezdézem) with ther-
mal output up to 30 kW, more powerful hot-water and
hot-air appliances with output of 0.4 up to 1 MW
(Agrametal Jeni$ov) and huge equipments for heating
plants 1 to 2 MW (Sigma Brno, Slatina). Efficient de-
vices are produced in CKD Dukla Praha plant. Fig. 1
shows combustion prechamber for boilers made by
CKD with output approximately 1 MW. Fig. 2 shows
special steam boiler made by CKD destined for waste
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1. Combustion prechamber of boiler made by CKD Dukla for piece
waste material combustion

1 - fuel container, 2 — travelling grid, 3 — furnace grate, 4 — combustion
chamber, 5 - burner, 6 — waste gases exhaust, 7 - solid ends outlet
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2. Steam boiler with combustion prechamber destined for combus-
tion of fine grain waste

1 — warm conveyer, 2 — furnace grace, 3 — primary air inlet, 4 -

dary air, 5 - bustion p 6 - fettling, 7 — front
chamber, 8 - flue, 9 - boiler body, 10 - reversing chamber, 11 -
waste gases exhaust

wood combustion. Boiler output is according to model
from 1 to 3 MW. All herein mentioned devices have
very good technical qualities and/or are prepared to
accept further technical improvement (automation).
Straw combusting appliances are not yet available in
the CR, development ensures the research Institute of Ag-
ricultural Engineering, Praha. Household waste combus-
tion is solved in cooperation with Austria and Denmark.
Some of herein stated appliances (especially those
made by Agrametal JeniSov) have the shape of addi-
tional furnaces which can be built in front current boil-
ers combusting coke or light heating oil (for the time
being wood combustion only) (Kdra et al., 1991).
Conception of the technical development and ener-
getic policy in countryside regions is neither directed
nor prepared. At the same time situation and time is
ready to accept principal rules for further development
which can aim directly at the trends topical abroad.

CONCLUSION AND PROGNOSES

BRANCH OF BIOLOGIC WASTE MATERIALS
COMBUSTION IN THE CZECH REPUBLIC
(Kéra, et al,, 1991, 1992)

— Supposed transformation of the energy prices onto
the market principles based on the production costs
(+ profit and taxes) should create conditions for citi-
zens, communities and plants to be interested in ex-
ploiting waste material energy sources. Each techno-

logy, either forest and agricultural one, should produce
no wastes harmful to environment and country. Wastes
of all kinds should be liquidated as often as possible
with heat production unless they are secondary raw
materials for other production.

— Central and/or long-distance heating of the whole
provincial plants and housing estates and greater towns
via combustion of combustible wastes (household was-
te, straw surplus and wooden waste, and/or further
waste materials from textile industry and various sew-
age and cleaning plants) is prospective.

— Central refuse incinerating plants should be pro-
jected and built up quickly. Current boiler rooms in
agricultural plants combusting light heating oils being
re-built to be able to furnace secondary fuels could be
good base for heating plants in the villages which could
be exploited either by agricultural plants and for pro-
duction (drying) processes and house and fleet heating.
Supposed thermal output is 1 to 10 MW.

— In addition attention should be paid even to com-
bustion chambers and to boilers of smaller output (up
to 30 kW in family houses, up to 20-500 to 1 000 kW
in agricultural and similar plants) exploitable for heat
production to rooms, halls and technological purposes.

— Developmental and certifying base should be
quickly built for verifying and certifying herein stated
new appliances.

— Free way should have development of the auxi-
liary devices (wood chipping machines, straw presses,
transporting devices, etc.).

— Works on relevant standards and rules should be
quickly opened or foreign standards should be imple-
mented.

— Biomass production for technical and energetic
purposes, especially cultivation of quickly growing
wood species, has its own further contributions in so-
cial economic sphere, it limits production of emissions
and improves stability of climate. Neither positive con-
tribution of enlarging area of verdure may not be om-
mited.
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Nejcerstvéjsi informace o ¢asopiseckych ¢élancich
poskytuje automatizovany systém

Current Contents

na disketach

Usttedni zemédélska a lesnicka knihovna odebira &asopis ,,Current Contents“ fadu
»~Agriculture, Biology and Environmental Sciences” a fadu ,Life Sciences” na diske-
tach. Rada ,Agriculture, Biology and Environmental Sciences* je od roku 1994 k dispozici
i s abstrakty. Obé tyto fady vychazeji 52krat roéné a zahrnuji vSechny vyznamné Easopisy
a pokracovaci sborniky z uvedenych oboru.

Ulozeni informaci z Current Contents na disketach umoznuje nejrozmanitéjsi referencni
sluzby z prakticky nejéerstvéjsich literarnich pramen(, nebot baze dat je doplfiovana kazdy
tyden a neprodlené expedovana odbératelim. V systému si Ize nejen prohlizet jednotliva
¢isla Current Contents, ale po pfesném nadefinovani sledovaného profilu je mozné adresné
vyhledavat informace, tisknout je nebo kopirovat na disketu s moznosti dal§iho zpracovani
na vlastnim pocitaci. Systém umozriuje i tisk zddanek o separat apod. Kumulované vyhle-
davani v $esti &islech Current Contents najednou velice urychluje reSer$ni praci.

Pristup k informacim Current Contents je umoznén dvojim zpusobem:

1) Zakazkovy pristup — po vypInéni prislusného zakazkového listu (objednavky) je vhodny
predevsim pro mimoprazské zajemce.
Finanéni podminky: — pouziti PC — 15 K& za kazdou zapocatou pulhodinu
— odborna obsluha — 10 K¢ za 10 minut prace
— vytisténi reserSe — 1 K¢ za 1 stranu A4
— zadanky o separat — 1 K¢ za 1 kus
— postovné + rezijni poplatek 15 %
2) ,Self-service* — samoobsluzna prace na osobnim poéitaéi v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uzivatel zpracovava resersi
sam, je to maximalné usporné. (Do kalkulace cen nezapocitdvdme cenu programu a da-
tabaze Current Contents.)

V pfipadé Vageho zajmu o tyto sluzby se obratte na adresu:

Ustiedni zemédélska a lesnicka knihovna
Dr. BartoSova

Slezska 7

120 56 Praha 2

Tel.: 02/25 75 41, I. 520, fax: 02/25 70 90

Na této adrese obdrzite blizsi informace a ziskate formulafe pro objednavku zakazkové
sluzby. V pfipadé ,self-servisu“ je vhodné se predem telefonicky objednat. V pfipadé zajmu
je mozné si objednat i pribézné sledovani profilu (cena se podle sloZitosti zadani pohybuje
Ctvrtletné kolem 100 az 150 K¢).




THE EFFECT OF CULTIVAR ON APPLE SLICE
WHITENESS AND ENZYMATIC BROWNING

VLIV ODRUDY NA BELOST A ENZYMATICKE HNEDNUTI
JABLECNYCH PLATKU

A. Kuczynski

Institute of Agrophysics, Polish Academy of Sciences, Lublin, Poland

ABSTRACT: Whiteness and enzymatic browning of apple slices, which determine the quality of agricultural material for
industrial use, were measured spectrophotometrically at 440 nm in diffuse reflectance mode in relation to 33 cold stored apple
cultivars. These features are involved mainly in the commercially important variations in apple browning. It was found out
that cutting slices performed under water had a differentiating effect on preventing browning, which was related to cultivar
properties

apple varieties; enzymatic browning; whiteness of tissue

ABSTRAKT: Bélost a enzymatické hnédnutf jable¢nych pldtkd majf vliv na hodnocenf kvality duZniny jablek. V prici jsou
tyto vlastnosti uréovény objektivné prostfednictvim difiiznf odrazivosti svétla o vinové délce 440 nm. Mé&fenf jsou provddéna
s pouZitim spektrofotometru Spekol 10 vybaveného Ulbrichtovou koulf se vstupnim otvorem o priméru 14 mm. Analyzovina
byla duZnina plodli 33 odriid jabloni péstovanych v Sierniewicich (vojvodstvi Rzesz6w). Experimenty se opakovaly pro
kaZdou odriidu celkem tfikrét (na zad4tku skladovaciho obdobf, uprostfed néj a na jeho konci - teplota skladovéni 3 az 5 °C).
Viechny testované plody prosly pied experimenty 36hodinovym obdobim zotaveni pfi pokojové teploté. KaZdy experiment
se délal s péti plody a u kaZzdého plodu $estkrat (celkem 30 pldtkd). Mé&filo se ihned pfi pifpravé plitku a opakované po 30
minutdch. Plitky byly pfipravovadny ndstroji z nerezavéjici oceli bud ve vzduchu, anebo pod vodou. Vysledné hodnoty
odrazivosti (ve srovndn{ s etalonem) jsou uvedeny v obr. 1-3. Obr. 1 reprezentuje posloupnost odriid podle jejich rostouci
difdznf pohltivosti (mé&fenf ihned po pfipravé vzorku), zatfmco na obr. 2 je obdobné posloupnost sestavena na zdklad& rozdill
mezi opakovanym a okamZitym méfenim u vzorkil pfipravenych na vzduchu. V obr. 3 je vynesen stupeii zhnédnutf vyjadieny
jako pomér hornfho kvartilu rozdé€lenf rozdild pohltivosti (obr. 2 - pro jednu odriidu) a medidmu difiznf pohltivosti (obr. 1 —
pro tuté% odriidu). Podle vysledkd na obrazcich je patrné, Ze odriidy Sampion, Elstar, Ozark Gold a Fantazja nchn&dnou.
U vétSiny ostatnich, s vyjimkou velmi tvrdych odriid, hn&dnuti zdvis{ na zpiisobu p¥ipravy vzorki (na vzduchu &i pod vodou).

odriidy jablek; biologické hnédnutf; bélost

INTRODUCTION

Browning of apple tissue occurs upon bruising dur-
ing handling or transportation and also when exposed
to air in the cutting, slicing or pulping processes.

An important quality attribute of apple slice tissue
prepared commercially is its white colour. In this sense
white is the colour of freshness and cleanness, and not
only psychologically, but is also currently an indicator
of freedom from contaminants (Sapers, Doug-
las, 1989; Spanos, Wrolstad, 1992) and as
such can be a measure of the quality of the product.

The prevalent use od sulfites as inhibitors of enzy-
matic browning in food technology has been restricted,
so alternative inhibitors have been investigated (Sa-
pers, Hicks, 1989). Variety oriented studies in this
applied area are notably lacking, despite numerous im-
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plications in the literature that great differences occur
in the natural potential of apple browning inhibition
which the food technology tries spontaneously to utili-
ze (Sapers, Hicks, 1989; McLellan et al,
1990; Aubert et al., 1992).

The cultivar differences are mainly due to the rela-
tive balance between hydroxycinnamide derivates and
flavan 3-ols in apple tissue (Oszmianski, Lee,
1990; Amiot et al.,, 1992). This can be naturally af-
fected by many other factors when the fruit is harvested
and during other operations involved in post-harvest
storage and processing (McLellan et al., 1990).

In studies of the cffectiveness of artificial inhibitors,
a procedure is used, whereby a cut out control sample
is soaked in water for 10 seconds, following which the
sample is blotted dry by rolling on absorbent tissue
(Sapers, Douglas, 1987). Specific cultivar re-
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sponse to use the of water for preventing slice tissue
browning has been noticed from time to time in some
laboratories (Kuczyriski et al.,, 1993).

In the study, the genetic and natural potentials of
cultivars have received particular attention because of its
multiple effects of browning development (Aubert et
al., 1992; Amiot etal, 1992; Kuczynski etal,
1994).

MATERIAL AND METHOD
Preparation of apple slices

Apples of 33 cultivars: Sampion (SAM), Ozark
Gold (OZG), Elstar (ELS), Fantazja (FZJ), Jonagold
(JOG), Gala (GAL), Golden Delicious (GDL), Ligol
(LIG), Jonathan (JON), Starting (STK), Red Fireside
(RES), Gloster (GST), Honeygold (HGD), Melrose
(MEL, Macspur (MPR), Wealthy (WHY), Starkrimson
(STN), Cortland (CTR), Prinz Albrecht von Preussen
(PAP), James Grieve (JGV), Bancroft (BKF), Friedom
(FDM), Beforest (BFR), Macoun (MUN), Prima (PRI),
Billing Boscoop (BIB), McIntosh (MCI), Boiken (BOI),
Florina (FLO), Idared (IDR), Liberty (LBR), Lobo
(LBO), Spartan (SPT) grown at the same trial planta-
tion of the Skierniewice Research Institute of Pomo-
logy and Floriculture in Albigowa (Rzeszéw voivod-
ship).

In September and until the end of October 1993
apples were picked when judged to be of optimal ripe-
ness for cold storage. Fruits representative for the va-
rieties were selected and collected in samples of 40 ap-
ples, packed is standard carton boxes of 80 apples,
cooled, and stored at 3-5 °C. At three intervals; early,
medium and late storage throughout the cold storage
life each cultivar, 10 fruits were removed and condi-
tioned at room temperature four 36 hours.

Five apples were processed as slices in air and five
under water, according to rigidly controlled method
to minimize fluctuations in the texture of surfaces.
A manual corer and wedger (stainless steel) was used
to prepare slices for fresh fruit salads. Water from the
slices was centrifuged in salad spinner, immediately
after cutting (Kuczyiriski etal., 1993).

Optical changes and browning measurements

A number of scales are used specifically in the
measurements of whites. Paper industry has been using
blue reflectance as its primary determinant of optical
quality of pulp after bleaching, and textile industry has
established a similar test procedure used to measure
bleaching progress in cotton. So as not to complicate
the measurements further by choosing another method
of assessment, the authors used reflectance measure-
ment at 440 nm which is in extensive use (Sapers,
Hicks, 1989; Cindy et al., 1991) and is adequate
for monitoring processes such as browning.
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Each apple — i.e. 6 slices, were immediately ana-
lyzed for light absorbance and then stored for 32 min
at room temperature, for second readings. Time for se-
cond measurement — 32 min was selected as appropri-
ate for good characterization to the variability of the
properties of all cultivars and treatments.

Diffuse reflectance at 440 nm was measured on slice
surface by a Specol 10 spectrophotometer equipped
with Ulbricht Sphere with 14 mm diameter viewing
port. The results were collected by a microcomputer
which also provided reliability and control of results by
continual comparison of readings against an etalon:
57% reflectance at 440 nm and 800 mV data input.
Slice surfaces were hand-held to the viewing port.
A simple apparatus — i.e. Specol 10, ensured the sphere
protection against contamination and its easy regenera-
tion,

No changes in the albedo of the cut surface due to
physical processes, such as evaporation of free juice,
were observed. The spectrophotometric method adop-
ted for fresh slices was verified in earlier works (Kuc-
zynski etal., 1994).

Each calculated value; absorbance at 440 nm — A440,
difference of absorbance at 440 nm — DA440, is the
results of 90 measurements (6 slices x 5 apples x 3 in-
tervals of cold storage life). For graphic presentation of
results we used the Notched Box-and-Whiskers Plot
from Statgraphics Win v. 1.0 program. The central box
covers 50% of measurements between the lower and
upper quartiles while the central line as at the median.
The whiskers extend out to the extremes (minimum and
maximum values).

RESULTS AND DISCUSSION
Apple slice whiteness

The results — absorbance at 440 nm — A440 of fresh
surface varied from minimum 0.2 to maximum 0.5
(Fig. 1). The lowest values of A440 < 0.3, correspond-
ing to the impression of whiteness of tissue, are those
of the following cultivars: CTR, SPT, LBO, BOI, LIG,
MUN and MCI. Their pomological description is domi-
nated by expressions relating to the degree of white-
ness: bright white, light yellow, tan cream (Mohr et
al., 1989). The highest values of A440 > 0.4 are those
for GAL, HGD, JOG, STN, BIB. Their pomological
description includes various references to colour: green,
tan, light-tan, cream, yellow (Mohr et al., 1989).
Such considerable differences at 440 nm are caused by
the physical properties of diffusion and absorption in
the tissue and pigmentation of the cultivars under study
(Puchalski, 1989).

The variability within a cultivar is considerable. No
relation was observed between the parameters of dis-
persion and the value of parameter A440. The range
covering 50% of the values measured, i. . between the
quartiles (in the figures — box) often exceeds 0.05 ABS
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(absorbance), and the range to the extremes (in the
figures — whiskers) reaches 0.15 ABS for such cultivars
as SPT, MPR, LBR, WHY and STN. The differentia-
tion within a cultivar is due mainly to the different
levels of carotenoid content (Aubert et al., 1992).

Browing of tissue

Parameter difference in absorbance at 440 nm —
DA440 has been introduced for the evaluation pigmen-
tation from enzymatic browning or estimation the ef-
fectiveness of inhibition (Kuczyriski et al., 1993).
The cultivars presented on Fig. 2 was arranged accord-
ing to the median of absorbance difference — DA440me
of apples sliced in air. Increase of absorbance after
32 min was not statistically significant for the follow-
ing group cultivars: SAM, ELS, FZJ, OZG. The values
of DA440 reach as 0.25 for the LBR, SPT, LBO and
BIB cultivars. Variability is considerable — the middle
50% of measurements often exceeds 0.1 ABS, and the
range of extremes 0.15 ABS for numerous cultivars.

The application of under water slicing lowered the
values of DA440, also the variability being especially
reduced in the case of GST, WHY, GAL, IDR and MCI
but there was an increase in variability in the case of
such cultivars as BKF and LBO.

With the under water slicing technique and with the
considerable variability, the browning of slices of c. v.
JOG, GDL, LIG, CTR and MCI can be approved to be
tolerable browning.

We observed, following the sensory matching, that
the consumer judges the whitest slices and automat-
ically selects these from several others, so this discrimi-

nation is very sensitive to even slightly more brown
slices in tested sample, and finally very rigorous for the
quality of given cultivar.

Browning of cultivars

The application of the absorbance difference para-
meter for the comparison of browning in different cul-
tivars, does not take into consideration the effect of the
initial colour on the perception of colour change. It is
known that as ABS increases, the perceptibility of co-
lour changes decreases, and moreover, a decrease in
quality is considered notable even when a small num-
ber of slices has a higher ABS, eg. as for IDR or WHY.
These two features of perception are well reflected by
the following parameters; the median of difference of
absorbance — DA440me and the upper quartile in dif-
ference of absorbance — DA440q. No correlation be-
tween these parameters was observed. The introduction
of the parameter

browning grade of apple slices = DA440q/A440me,

ensures, as we suppose, that results should be in rea-
sonable agreement with sensory rating of apple varie-
ties susceptibility to browning. The values of browning
grade determined for browning time 32 min fall within
the range of from 0% to 100% (Fig. 3).
Non-browning cultivars are: SAM, ELS, OZG, and
among them FZJ, a Polish desert cultivar. Under water
slicing notably altered the rating of cultivars, however,
cultivars of hard tissue, STK, HGD, JOG, did not re-
spond by an effective decrease in their browning grade.
It was cultivars of loose tissue, eg. MCI, BFR, whose
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browning grade decreased by a very considerable mar-
gin.

Cultivars which were characterized by a high vari-
ability and a slight increase in absorbance with under
water slicing, were earlier considered to be of tolerable
browning: JOG, GDL, JON, LIG, MCI and CTR. The
assessment of their browning with under water slicing,
in the worst case as eg. for CTR, reaches 35% grade.
Also remaining within these range are the following
cultivars: RFS, GAL, GST, JGV and JON (assessed as
fairly good), MEL (fair but tissue absorbing water),
STN (good) Mohr et al., 1989). For those cultivars,
the decisive compound were high values of absorban-
ce — A440 of fresh slices (which decrease the percep-
tibility of tissue browning) and they brought down the
browning grade.

The opinion of the CTR cultivar (browning grade
55% - see Fig. 3 when in air slicing was used) is:
exceptionally slow discolour on slicing — bright white
(Mohr et al.,, 1989). Therefore, all the cultivars should
be classified in a similar way if their browning grade
is slightly below 55% in air slicing.

CONCLUSIONS

The results obtained make it possible to clearly cate-
gorize the cultivars into groups; no browning, medium
browning, and very strong browning. They allow for
an assessment of the effectiveness of the cultivar factor
and of the effect of the simplest of browning inhibitions
— under water slicing.

Results obtained can be used in the determination of
tolerance to quality changes in particular cultivars, es-
pecially on the basis of natural variability of the white-
ness of fresh slices, acceptable to the consumer.

The present work was an attempt to follow such
changes more closely, using 1993 crop and cold storage
apples of 33 cultivars commonly grown in Poland, pos-
sessing properties that might be expected to result in
slices varying in whiteness and enzymatic browning
distribution.

Numerous features determine the attractiveness of
the surface of sliced apple, and instruments-type eva-
luation cannot provide for all preferences. However,
the method is very accurate in solving detail cultivar
problems posed by the process of tissue browning.
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POTENTIAL APPLICATIONS OF CROP YIELD FORMATION
KNOWLEDGE IN ENERGY PLANT PRODUCTION

MOZNOSTI VYUZIT{ ZNALOSTi O TVORBE VYNOSU KULTURNICH
ROSTLIN PRI PESTOVANI ENERGETICKYCH PLODIN

L. Natr
Department of Plant Physiology, Charles University, Praha, Czech Republic

ABSTRACT: The contribution presents a brief survey of biological principles of crop yield formation. Special attention has
been paid to solar energy fixation and utilization by canopies and to conditions enabling high productivity, i. e. breeding new
varieties and supply of fertilizers. Possibilities have been discussed about similarities and differences between ,food" crops
and energy crops with respect to photosynthetic productivity.

energy crops; biomass production; solar energy; breeding new varieties; fertilizers

ABSTRAKT: V tomto pifspévku je pozornost zaméfena zejména na energetické plodiny, tedy plodiny péstované k ziskanf
biomasy nésledn& vyuZivané v rizngch technologickych procesech jako obnovitelny zdroj energie. Komplex problematiky
energetickych plodin se sklddé ze dvou E4sti: 1. produkce biomasy fixujici sluneni energii, 2. zpiistupnéni energie &i Z4dané
chemické slozky vhodnymi technologickymi procesy. Tento pfehled se soustfeduje na zékladni problémy fixace slunednf
energie a maximalizace produkce organické hmoty rostlinami. PfevaZn4 &4st naSich znalosti o tvorb& vynosu byla ziskéna
studiem tzv. klasickych plodin pé&stovanych jako zdroj potravin a krmiv. Pfitom pro jakoukoli plodinu plati, Ze zékladem
jejfho riistu a produkce organickych litek je fotosyntéza, tedy fixace oxidu uhli¢itého pfi vyuZiti energie slune¢nfho zéfenf.
V tomto ohledu nejsou mezi ,klasickymi* a energetickymi plodinami rozdfly. Existuji vSak rozdily zejména v podilu hospo-
dafsky nejcenndj’f &dsti z celkové biomasy rostliny. U energetickych plodin je vyuZitelnd téméF celd nadzemni hmota, takZe
otdzky alokace sufiny a s tim spojend problematika transportu a distribuce litek mé4 svij specificky charakter. Zatimco
teoretické maximum vyuZiti absorbovaného sluneéniho zéfeni v oblasti fotosynteticky aktivni dosahuje 20 aZ 30 %, celoro&n{
svétovy primér vyuZiti dopadajictho sluneénfho zifeni &inf asi 0,1 %. U polnich plodin a za obdobi vegetace se vyuZitl
dopadajicfho zéfen{ pohybuje kolem 1 %. Je tedy evidentnf, Ze i velmi vysoké produkce né€kterych polnich plodin v sou¢asné
dobg je dosti vzdélena od teoreticky mozZného i prakticky realistického maxima. Za uplynulé pllstoleti se u vétSiny vyznam-
nych polnich plodin doslova enormné zvySily vynosy o 100 i vice procent. Proto jiZ prvni ropné krize pocédtkem 70. let
stimulovala pldny na vyuZit{ kulturnich rostlin i jako obnovitelného zdroje energie. Le¢ prvni solidnf analyzy prokédzaly, Ze
vysoké vynosy jsou téméf ve viech pfipadech spojeny s velkymi energetickymi vstupy. Podil (sklizena slune¢ni energie) /
(dodani energie z fosilnich paliv) dosahuje u obilnin hodnoty kolem 2 aZ 4, extrémné mal4 je tato hodnota u rychlené zeleniny

¢i sklenfkovych kvétin. Pfitom nejvétsi podil doddvané energie tvof{ primyslovd hnojiva. MnoZstvi sudiny vyprodukované
na jednotce plochy piidy je uréeno délkou vegetaénf doby, pokryvnostf listovf uddvanou celkovou plochou asimilaénich orgdnd
na jednotce plochy piidy a rychlosti fotosyntézy. V sou¢asné dob& a pro nejbliZ$i budoucnost se za jednozna¢né nejdileZitéjsf
faktor povaZuje pokryvnost listovi. Rychlé dosaZeni hodnot 7 aZ 11 pfi vhodné prostorové orientaci listovych Cepeli je
zékladnim pfedpokladem pro vysokou produkci porostem. Trochu pfekvapivé se vlastni rychlost fotosyntézy, vyjidiend
rychlostf fixace atmosférického oxidu uhli¢itého na jednotku plochy listl za jednotku &asu, na riistu vynosi nikterak nepodflf.
Je viak mnoho diivodi k tvrzenf, Ze prdvé tento faktor pfedstavuje vyznamnou rezervu pro budoucf riist produkce plodin.
Pro vysoké vynosy polnich plodin jsou dileZité tyto faktory: 1. Slecht&nf novych odriid, 2. dévky primyslovych hnojiv,
3. ochrana proti pleveliim, chorobdm a 3kiidclim, 4. zdvlahy, 5. ristové reguldtory. Seznam zdaleka nenf tplny. Zcela jednoznaény
je viak vyznam prvnich dvou faktorl. S velmi obecnou platnosti 1ze konstatovat, Ze bez nové vySlecht&ngch odriid a bez aplikace
pom&me vysokych dévek primyslovych hnojiv nelze u Z4dné plodiny a v Zidnych podminkéch dlouhodob& zajistit vysokou
produkci biomasy. V tomto smyslu jsou i dosavadnf experimentéln{ poznatky u energetickych plodin velmi nedostate&né.

energetické plodiny; produkce biomasy; sluneénf energie; primyslovéa hnojiva; Slechténi novych odrid

INTRODUCTION the most important challenges for both research and
agriculture. Its importance has been increased because

Plant cultivation to obtain renewable energy or valu-  of the surplus of food production in EU and some other
able components for industrial non-food use is one of industrialized countries as it offers possibilities for utili-
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zing economically imposed decrease in arable land. In
this contribution, I shall denote the classic crops as
»food crops* to simplify their distinction from the en-
ergy crops. Furthermore, most of the text will deal with
problems of maximizing solar energy fixation. Hence,
the topic will not uniformly cover all of the problems
of non-food agroproducts use.

In my opinion, the use of plant biomass as a source
of energy or raw materials consists of two parts:

1. Solar energy — ENERGY FIXATION BY PLANTS
— Plant biomass

2. Plant biomass — INDUSTRIAL TECHNOLOGIES
— Various forms of energy and/or economically in-
teresting products.

Most attention has been paid to the second part of
the whole complex, i. e. how to use agromaterials most
efficiently. However, any industrial use requires a sup-
ply of ,phytoenergy*. More energy per unit plant dry
matter or more dry matter available, more of it can be
used. And because (1) this first part seems to me to be
generally neglected and at the same time (2) it corre-
sponds with my field of studies, this contribution pre-
sents a brief survey of principles modulating both the
extent and efficiency of solar energy use by plants.

Practically all knowledge on crop productivity and
yield formation has been gained in studies aimed at
better understanding of crop growth. Knowledge, both
empirical and theoretical, has been very successfully
applied to crop production as might be deduced from
the enormous increase in yields of most crops, i. e. in
food production per unit soil surface Buringh etal.,
1975). When applying this knowledge to energy crops,
two different aspects have to be taken into account:

1. The very basis of any crop production is photo-
synthesis. Even when dry matter or energy content of
the product is not of prime importance, e. g. in some
vegetables or flowers. their production largely depends
on radiant energy fixation. The data on principles and
factors efficiently modifying solar energy utilization by
individual plants or particular canopies could be di-
rectly applied in.energy crop production. This will be
described in more detail in this contribution.

2. There are considerable differences between strate-
gies of ,food crop* and energy crop production. For
example, in energy crops, the total shoot biomass may
be harvested and used while with most food crops only
some morphological (kernels, tubers, etc.) or chemical
(sucrose, starch, proteins, etc.) plant constituents are
economically important. This indicates, that dry matter
allocation and translocation processes could limit eco-
nomic yield in food crops while being of no importance
for energy crops. As a consequence, the sink — source
relationships in energy crops differ considerably from
those in food crops. And finally, in typical energy
crops, only the amount of accumulated (fixed) energy
is of importance indicating that the amount of mineral
nutrients could be kept as low as possible.

It seems to me that the differences deserve a detailed
evaluation in order to draw limits for the transfer of
knowledge from food crops to energy crops.

56

SOLAR ENERGY FIXATION

Crop production depends on many parameters char-
acterizing the surrounding atmosphere and soil, e. g.
temperature, water and mineral nutrient availability, etc.
In order to exemplify the primary and decisive role of
just photosynthesis, let us recall the composition of
a plant. Most growing plants consist of about 90 per
cent water and 10 per cent dry matter. Some water
remains in the crop harvested at the appropriate time
simply because it would be technologically too difficult
to leave it on the field (sugar beet etc.). Hence, dry
matter represents the very target of crop cultivation. In
most dried plant biomass 5 per cent of dry mass con-
sists of mineral nutrients, i. e. nitrogen, potassium,
phosphorus, magnesium, calcium, etc. Although impor-
tant for nutrition, economic yields and profits largely
depend on the amount of produced organic matter form-
ing more than 90 per cent of most dry plant biomass. And
plants construct new organic materials from the CO,
only by fixing radiant energy in photosynthesis.

Crop production aims at maximizing the amount of
fixed (solar) energy with minimum input of fossil fuels
energy. What possibilities exist for an increase in the
amount of solar energy fixation? From what has been
established in the biophysics and biochemistry of pho-
tosynthesis, the theoretical maximum of efficiency cor-
responds to 20 to 30 per cent of absorbed photosyn-
thetically active radiation depending on its spectral
composition that ranges from 400 nm to 700 nm. How-
ever, realistic maxima of the use of global solar radia-
tion incident on canopies vary from about 5 to 9 per
cent with experimentally determined values ranging
from 0.5 to 4 per cent when only vegetative (growth)
period has been taken into account (Ni¢iporovié&,
1956; Petr et al., 1988). Finally, it may be interesting
to give a value for the mean annual utilization of global
solar energy on the whole planet. It yields some 0.1 per
cent (Cooper, 1975). Of course, this very low value
has to be ascribed to periods of the year as well as
regions of the Earth unsuitable for growth at all.

Analyzing current data on crop productivity, re-
markable achievements by farmers have to be appreci-
ated. However, with most crops, a noteworthy increase
in yields begun by the end of the last century and es-
pecially in the 1950s. Many hundreds of years of farm-
ers’ experience have led to stepwise improved produc-
tivity of most cultivated crops. But only the application
of scientific knowledge was able to increase yields by
a factor of 2, 3 or more during a couple. of decades.
This fact is also important for energy crops where both
an introductory analysis and management including
technologies based on current research could not only
prevent unrealistic expectations but also ensure the
highest possible output.

The highly productive agriculture in industrialized
countries, attaining very high yields, requires not only
knowledge, but also investments. It still holds that crop
production harvests the sun while most industries con-
sume energy from fossil, i. e. non-renewable, resour-
ces. However, high yields may be realized only when
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considerable amounts of energy provided mostly by the
combustion of fossil fuels have been applied. In the
1970s during the first oil crisis, the use of energy crops
became exciting and challenging. Detailed analyses re-
vealed that a supply of very high amounts of energy is
needed if high yields are to be reached. Let us define
the output as the amount of biomass energy fixed in its
chemical form and originating from the solar energy.
Let us further define the input as the amount of energy
originating from fossil resources and needed to manage
technologies of high yielding crops, i. e. mechaniza-
tion, agrochemical production, harvesting, etc. Then
the output/input ratio decreased to values of 1 to 5 in
modern agriculture. Often, as much energy originating
from fossil sources has to be applied as corresponds to
the amount of solar energy fixed in the final crop yield.
Let us recall that with most cultivated plants, the major
component of the added input energy is represented by
the production of industrial fertilizers, especially those of
nitrogen. In some crops, this output/input ratio approaches
zero, e. g. cultivation of flowers or vegetables in heated
glasshouses. For most cereals reaching yields of some 4
to 6 t.ha™, the ratio varies from 1 to 5. Of course, very
high output/input ratios are typical for extensive forms of
the agriculture. Unfortunately, it seems impossible to
combine high crop productivity with high output/input
energy ratios (Pimentel et al.,, 1973, 1983).

Although limits in lowering input energy of highly
productive canopies have not yet been reached, major
improvements in the output/input ratio be expected by
an increase in the output, i. e. by an increase in the
amount of fixed solar energy.

SOLAR ENERGY FIXATION IN CROP CANOPIES

With an acceptable simplification it is possible to
say (Schwanitz, 1960; Watson, 1962) that the
amount of solar energy fixed depends on: (1) the dura-
tion of vegetative period (TIME): (2) the size and num-
ber of leaves in the canopy (LA, i. e. leaf area index
denoting total leaf area per unit ground area); and (3)
the activity of leaves (Pn, i. e. rate of net photosynthe-
sis). Hence, total biomass per unit ground area and
growth period:

TIME (days) x LAI [m2 (leaf area) m2 (ground area)] x
x Pn [g (dry mass) m2 (leaf area) dny'l]

The growth period is largely determined by geo-
graphic conditions and can hardly be extended. How-
ever, two important points emerge: (1) In many cases,
only part of the vegetation period is being used by the
crop. A purposeful selection and combination of seve-
ral crops represent promising possibilities for extend-
ing the period of solar energy fixation. (2) Resistance
or tolerance to low temperature may also contribute to
extending the growth period under the given conditions.

Leaf area is by far the most important parameter modi-
fying canopy potential to fix solar energy (Evans,
Dunstone, 1970; Dale, 1988). Both mathematical
modelling and empirical experiments have shown that
a LAT of 7 to 11 is desirable to absorb and efficiently fix
solar energy. As a leaf blade absorbs some 70 per cent of
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incident photosynthetically active radiation, the rela-
tively high LAI must be combined with an appropriate
spatial distribution of the leaf blades. It is important to
expose most of the leaves to moderate irradiations. The
efficiency of radiant energy use significantly increases
with the decrease in irradiation. Therefore an optimum
LAI has to be always related to the canopy structure.
Theoretically, higher LAI of vertically oriented leaves
enables higher photosynthetic efficiency. On the other
hand, higher LAI means that more energy and carbon
must be supplied to the leaves. A reasonable equilib-
rium between these two tendencies identifies the optimum
(Ledent, 1989; Marshall, Porter, 1991).

In any case, at present and in the near future, for
both food and energy crops, an optimum course of LAI
during the growing period could be characterized as
follows: after sowing or planting, high rates of leaf
growth with horizontally oriented blades should cover
the soil surface as soon as possible to avoid wasting
radiant energy that falls on the ground. With an in-
crease in LAI the newly emerged leaves should be
rather small and in vertical position. Although these
requirements seem to be too artificial and difficult to
achieve with plants, breeding has proved to be very
successful even in this task (Evans, 1975).

Rate of photosynthesis represents the most promising
way of increasing yields in the future (Pettigrew, Me-
redith, 1994). Up to now, this feature has been explored
neither in breeding, nor in technologies. It is a quite com-
plex phenomenon deserving detailed analysis (Mokro-
nosov, 1983; Muchow, Sinclair, 1994).

CONDITIONS ENABLING HIGH PRODUCTIVITY

In the previous section I tried to summarize proc-
esses determining the efficiency of solar energy utili-
zation by crops. Farmers do not directly manipulate
LAI or Pn. However, most of the technological meas-
ures have been applied, consciously or predominantly
unconsciously, not to ,increase a yield* but to modify
canopy structure and functioning in a way favourable
to an increase in solar energy use and dry matter allo-
cation into economically important plant constituents.

The most important features enabling high crop pro-
ductivity could be listed as follows:

1. breeding new varieties,

2. supply of fertilizers,

3. protection against weeds, pests and diseases,
4. irrigation,

5. growth substances.

Some more factors could be added when more de-
tailed analyses are being performed for particular crop
and conditions. However, the first two items are the
most important (N 4tr, 1965). No high yields could be
achieved without new highly productive varieties and
supply of nitrogen, phosphorus and potassium fertilizers.

In 1968, Donald introduced a concept of breeding
on the basis of a constructed ideotype (Donald,
1968). In assessment of the prevailing breeding strate-
gies over the previous decades, Donald divided breed-
ers into groups selecting (1) by improving some nega-
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tive features of current cultivars or (2) simply and em-
pirically looking for lines with an increased yield. Ac-
cording to Donald, knowledge on plant biology enables
the construction of ,types denoting an idea®, i. e. an ideo-
type on the basis of what is known of plant genetics,
physiology, etc. This concept has been very challenging
and by far not fully exploited yet. At present, by the end
of this century, knowledge on plant productivity reached
considerable level compared with the end of the 1960s.
Hence, it would be very interesting to make up ideotypes
for representative species of energy crops.

Fertilizers are needed at least to an extent correspond-
ing to the export of mineral nutrients with the harvested
biomass (Wolf, 1982). All over the world, no high
yields have been reached without considerable input of
fertilizers (Greenwood, 1982). Surprisingly, the role
of mineral nutrients in most crops seems to be decisive
not so much for an increase in total dry matter but pre-
dominantly to modulate dry matter distribution into the
appropriate organs (Wardlaw, 1990). Although the
need of mineral nutrients for crops has been recognized
in the middle of the last century, there is still considerable
ignorance in their effects on physiology and biochemistry.
This lack of knowledge makes it difficult to deduce gen-
eral criteria for the assessment of an optimum nutrient
supply etc. (Ndtr, 1992). For energy crops where nutri-
ent content has practically no importance, both theoretical
research and practical evaluation seem to be most impor-
tant and very promising in the suggested possibility of
increasing the energy output/input ratio.

CONCLUSION

In this contribution a brief survey of principles on so-
lar use efficiency has been presented. Physiology of yield
formation offers many principles directly applicable in
cultivating energy crops. On the other hand, special tar-
gets for energy crop introduce new and important ques-
tions, the solution of which will also be beneficial for the
general understanding.
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ESTIMATING YIELDS OF BIOMASS CROPS
IN THE NETHERLANDS

ODHAD VYNOSU ROSTLINNE BIOMASY V NIZOZEMIi

S. Nonhebel

Department of Theoretical Production Ecology, Agricultural University, Wageningen,
The Netherlands

ABSTRACT: The use of biomass crops as energy source is frequently mentioned as an option to reduce CO, emissions. For
evaluation of the possibilities of using crops for energy supply it is vital to have reliable estimates of their yields. Candidate
biomass crops like willow and miscanthus are not yet grown on a large scale, therefore it is difficult to assess their production.
In this paper a simple method is developed to estimate regional averages of various biomass crops. The method is based on
the linear relation between intercepted light and biomass production as found for most agricultural crops. A correction factor
is introduced to account for the effects of various yield reduction factors. The quality of the yield estimations was studied
by applying the method on several agricultural crops grown in two regions in the Netherlands. A deviation of less than 10%
was found between actual and estimated yields. The estimated biomass yields in the Netherlands varied between 9-12 ton/ha
and 11-14 ton/ha for the two regions respectively.

biomass crops; energy crops; yields; light use efficiency

ABSTRACT: PouZiti rostlinné biomasy jako zdroje energie se ¢asto uvadi jako prostiedek, jak sniZit emise oxidu uhligitého.
Aby se mohly posoudit moZnosti vyuZiti plodin k zisku energie, je potiebny spolehlivy odhad jejich vynosi. Reprezentanti
téchto plodin, jako jsou vrba a miscanthus, se zatim nepéstuji ve velkém, a proto je velmi obtiZné hodnotit jejich produkci.
V préci je popsdna jednoduchd metoda urené k odhadu regiondlnich vynost rostlinné biomasy u rliznych plodin. Je zaloZena
na linedrnim vztahu mezi zachycenym svétlem a produkci biomasy, jak byl stanoven pro vétSinu zemédélskych plodin (rovnice
(1) aZ (3) a obr. 1). Rizné vlivy sniZujici vynos jsou ve vypoctu respektoviny prostiednictvim korek&nfho faktoru. Pfesnost
odhadu vynosu byla testovdna metodou pouZfvanou pro n€kolik zem&d&lskych plodin (viz tabulka v dodatku) péstovanych
ve dvou riizngch holandskych regionech (obr. 2). Odchylky mezi skuteénym vynosem a jeho odhadem byly mensi neZ 10 %.
Odhadnuté vynosy suché biomasy se v uvedenych regionech pohybuji v rozmezi 9 aZ 12 tun na hektar a 11 aZ 14 tun na
hektar.

rostlinnd biomasa; zisk energie; vynosy; G¢innost svétla

INTRODUCTION Recently several studies have been published on

possibilities of growing energy crops in various regions

The present use of fossil fuels as major energy
source in the world implies that large quantities of CO,
are emitted to the atmosphere. CO, is a greenhouse gas
and increasing CO, levels in the atmosphere are likely
to affect global climate. The IPCC report on global
change (Houghton etal., 1990) estimated that under
the ,,business as usual scenario“ (the present annual
increase of CO, emissions is retained) the atmospheric
CO, concentration will reach the 700 ppm level by the
year 2050, which may have serious effects on global
climate. One of the options to diminish CO, emissions
in the use of so called energy crops. During growth
crops capture CO, and when the crops are used for energy
supply CO, is released again. This means that CO, is
recycled. Through replacing a part the fossil fuels by
energy from crops CO, emission can be reduced.
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of the world (Lysen etal.,, 1992; Hall et al., 1993).
In these studies the expected yields of these crops de-
termine the results of the evaluation. For agricultural
crops like sugar beet or wheat, which can be used for
ethanol production, yield data can be obtained from
agricultural statistics. The yields of biomass crops
(used for electricity production) are more difficult to
determine. In the first place because rather unknown
crops are suggested as options for biomass production,
so that hardly any yield data are available. Secondly,
because the yield of a crop is determined by growing
conditions during its growing season, and since these
conditions vary from one field to another and from one
year to another, large variation in yields is observed.
This implies that yields obtained in one region in one
year cannot easily translated to yields in other regions
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or other years. These yield deferences are very large:
the present average wheat yield the Netherlands is
about 7 ton/ha, but individual farmers are harvesting
10-11 ton/ha in some years. In the third place, with
respect to energy supply not the yield of one particular
field is of interest but the amount of energy that can be
produced for a whole region. This implies that the ave-
rage yield in a region is required. This regionally ave-
rage yield cannot be determined in field experiments.

In presently available evaluation studies on this sub-
ject the estimated yields are often based on a limited
number of field experiments, and data are used for
large areas (sometimes even globally). Since the yield
in field experiments can deviate considerably from the
regional average, and since expected yield is the key
factor in most evaluation studies, improvement of the
yield estimates can be a valuable contribution to the
discussion on possibilities of using crops for energy
production.

Here a very simple method is described to estimate
regional yields of biomass crops. The method is based
on knowledge obtained in agricultural research. The
quality of the estimated yields is determined by apply-
ing the method to several agricultural crops from which
regional averages are available. The regionally average
yields of several biomass crops are estimated for two
different regions in the Netherlands and results are
compared to the yield estimates used in other studies
on this subject.

METHOD

From research conducted with various agricultural
crops is known that a linear relation exists between the
amount intercepted solar radiation by the crop and the
above-ground biomass produced (Monteith, 1977).
The name ,,above-ground biomass*, which is used in
literature, is confusing since it does include harvestable
below ground plant material, like tubers of potato and
root of sugar beet. The slope of the line is the so-called
Light Use Efficiency (LUE, Fig. 1). The value of the
LUE is determined by growing conditions of the crop,
the value is lower under poor conditions and higher
under good conditions. Under optimal conditions
a value of 1.2-1.4 g/MJ of global radiation for the LUE
is found for most C3 food crops, but also for fast grow-
ing trees (Monteith, 1977, Cannell, 1989). The
value of 1.2-1.4 g/MIJ is only applicable to crops that
produce mainly carbohydrates, the production of other
plant materials like proteins or oils requires much more
energy (Penning de Vries et al, 1974). And
a lower value for the light use efficiency must be used
to calculate production of crops like sunflower or rape-
seed. Candidate biomass crops don’t produce these ,,en-
ergy expensive” plant materials so that the 1.4 value is
appropriate for estimation of their yields. The growth
rate of C4 plants is higher than of C3 plants but only
in warmer climates. In Dutch conditions values of
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biomass

light use efficiency (g / MJ)

1. Relation b i pted radiation and above-ground biomass
produced

1.3 g/MJ were found for both maize and miscanthus (van
der Werf etal., 1993). Here the value of 1.4 g/MJ is
applied to all crops studied.

When the amount of radiation intercepted by a crop
is known, the production of this crop under potential
conditions can be calculated. The amount of inter-
cepted radiation can be measured in field experiments,
but it can also be derived from information on incom-
ing radiation and development of the crop canopy. This
latter option is used here. From most crops (even the
rather unknown ones) some information can be found
in literature on time of the year that leaves start to
emerge, that closed canopy is formed that leaves arc
dropped or that crop is harvested. This information is
used to determine the amount of radiation intercepted.
It is assumed that a closed crop canopy captures all
radiation and that in the period between leaf emergence
and crop closure the fraction intercepted radiation in-
creases linearly over time, and at the end of the grow-
ing season between start of leaffall and complete
leaflessness the fraction decreases linearly over time
(see scheme in appendix).

Multiplying the average daily incoming.radiation,
which can be obtained from climatic data sets, by the
fraction intercepted during that day gives the inter-
cepted radiation. Integration over the complete growing
season results in the total amount of intercepted radia-
tion in this period (/;,,, in MJ/mz). Multiplying by the
value for LUE (1.4 g/MJ) results in the potential above-
-ground biomass (PAGB in g/mz. dry matter) produced
under optimal conditions

PAGB =I,,, x LUE m

Generally not all total above-ground biomass can be
used, the leaves of trees for instance remain in the field.
The fraction of the total biomass that is finally har-
vested, is called the harvest index. For most crops the
harvest index values can be found in literature. (Values
used are given in the appendix.) Multiplying total
above-ground biomass by the harvest index, on dry
matter basis (HI) gives the obtainable yield (Y,,) in kg
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2. Location of regions

I - Flevopolder, 2 -~ Veenkolonién

dry matter/ha. Factor 10 is introduced to recalculate
from g/m2 to kg/ha.

¥,=PAGB x HIx 10 2

The calculated yield is the production under optimal
circumstances, in which crop yield is only determined
by crop characteristics and climate. It is a measure of
what is potentially possible under given conditions.
The yields obtained in practice are generally much
lower, due to a combination of water and nutrient
shortages and damage done by pests and diseases.
These effects could be eliminated by application of ir-
rigation and fertilization and by crop protection meas-
ures. The ratio between actual and potential yield can
be interpreted as characteristic for the type of agricul-
ture in a region. In high input agriculture the ratio will
be higher than in low input agriculture. Here this ratio
will be called the Regional Yield Factor (RYF). The
value of the RYF can be determined by using the
above-described method for an agricultural crop from
which yield data are available and divide actual yield
through calculated yield:
yﬂ

RYF:T 3)
r

in which: Y, — the average regional yield in kg dry matter/ha

The actual yield data can be obtained from agricul-
tural statistics. These yields are usually published as
kg/ha fresh weight, for comparison with dry matter
yields calculated here, recalculation is necessary. Data
on the average moisture content of harvested plant ma-
terial can be found in literature, values used are given
in appendix.

Here the RYF is calculated for two regions in the
Netherlands using yield data of potato: Flevopolder (re-
gion 1), this area reclaimed from the sea in the 1950s,
with large farms-on good soils and Veenkolonién (re-
gion 2), with smaller farms on rather poor sandy soils

ZEMEDELSKA TECHNIKA, 41, 1995 (2): 59-64

(Fig. 2). In general yields in region | are higher than
those in region 2.

The method was validated through comparison of
actual yields of various agricultural crops and the esti-
mated yields of these crops using crop data given in the
appendix and the RYF determined from potato. Finally
the yields of three candidate biomass crops, willow,
poplar and miscanthus, were calculated using crop data
given in the appendix. Multiplying the potential yield
by the RYF leads to estimates of average regional
yields of these crops in regions studied.

RESULTS

In the Netherlands potatoes are planted in April, crop
emergence is around May 1st, and crop closure on June
20th, the crop is harvested in September (de Jong,
1985). Assuming a linear increase in the fraction inter-
cepted light between May Ist and June 20th, an inter-
ception of all incoming radiation from June 20th to
August 1st and a linear decrease in the fraction inter-
cepted light between August 1st and September 15th,
the total amount of intercepted light is 1429 MI/m>.
Using equation | leads to a PAGB of 2 000 g/mz. The
harvest index of a potato crop is 0.75 so that a potato
yield of 15.0 ton/ha (dry matter) can be obtained. In
1992 the average potato yield in region 1 was 53 ton/ha
and in region 2 it was 43 ton/ha (fresh weight) (PAGV,
1993). Assuming a moisture content of 80% this means
10.6 and 8.6 ton/ha dry matter. Applying equation 3
results in a RYF for region 1 of 0.71 and for region 2
of 0.57.

The estimated and actual yields of three agricultural
crops in the two regions in the Netherlands are given
in Tab. I. In general the deviation between estimated
and observed yield is small, only in one occasion the
deviation was more than 10%. Estimated for the poten-
tial and actual yields of willow, poplar and miscanthus
are given in Tab. II. The potential yield varied between
18 and 22 ton/ha for the different crops. The regional
yields were lower.

DISCUSSION
REGIONAL YIELD FACTOR RYF

The average regional yield is affected by various
factors, physical ones like climate and soil conditions
but also by factors like knowledge of the farmers and
infrastructure in the region (availability of irrigation
water). Here the effects of all these different factors on
the yield were not determined individually, only the
overall effect on yield was derived by introducing the
RYF. Climate and soil conditions remain more or less
constant over the years, but the other factors change in
time, so that the RYF is time dependent. In 1960, for
instance, the average wheat yield in the Netherlands
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I. Comparison between actual (Y,) and estimated (Y,) yields of three
agricultural crops. The deviation (dev) between actual and estimated
yield is expressed as percentage of the actual yield. Yields were
estimated with the method described in the text, the regional yield
factor (RYF) was obtained from potato yield data and was 0.71 for
region | and 0.57 for region 2. Yields are expressed as ton/ha dry
matter harvested material

Crop Region | Region 2

Y; Y, dev ) ¢ Y3 dev
Winter wheat 7.6 73 | 4% 6.1 54 | 13%
Sugar beet 151 | 154 | 2% | 123 | 120 3%
Maize 146 | 154 | 5% | 11.9 | 13.2 | 10%

1. The estimated potential yield and the regionally average yicld of
three biomass crops in the Netherlands in two regions. Yields are
expressed as ton/ha dry matter harvested material

Crop Potential Regional yield
yield region | region 2
Miscanthus 219 15.3 12.3
Poplar 18.0 12.6 10.0
Willow 19.6 13.7 11.0

was 4.25 ton dm/ha leading to a RYF of only 0.39.
When this value is used to determine potato yield in 1960
a value of 5.85 ton/ha is calculated which is in accordance
with the average values for 1960 (5.68 ton/ha). Further
increase of the RYF can be expected, but the value of
1.0 will never be reached since this would imply that
in a whole region the production is optimal.

Besides a variation in time there is also a large spa-
tial variation, which is shown in the difference of the
RYF between the two regions studied. To prevent loss
of information it is important to keep the size of the
region studied limited, and use data of more or less
homogeneous regions. It is theoretically possible to ap-
ply this method for the whole of Europe leading to an
average European yield. But the usefulness of this
value is very limited since. the enormous variation oc-
curs in yields within Europe (yields in Spain are only
a quarter of yields in the Netherlands).

Due to the fact that regional average is affected by
so many factors, yields of field experiments in the same
region are usually above the average, simply because
they are generally laid out on better soils and more
measures are taken to prevent the occurrence of water
and nutrient shortage or reduction through pests and
diseases.

The application of the RYF on biomass crops im-
plies that it is assumed that knowledge on how to grow
such a crop is comparable to that of agricultural crops.
For the potential biomass crops this is not yet the case.
Simple agronomical information as what planting den-
sity is best, which varieties should be used in various
regions, what are fertilizer requirements of the crop and
what crop protection is needed, is lacking. So it is
likely that the regional yields of these crops will be
lower than calculated here.
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VALIDATION OF THE CALCULATED YIELDS

Since there are no data on average regional yields of
biomass crops the validation possibilities for the
method are limited. The only available averages are
those from the agricultural crops. As shown in Tab. I the
deviation between estimated and observed yield of the
agricultural crops is very small. This implies that the
method described can be very useful for estimating
yields. In one situation an overestimation of 13% was
obtained (wheat in region 2). This difference in magni-
tude of the deviation can be understood by the fact that
crops differ in their susceptibility to certain unfavour-
able conditions. Pests, for instance, are crop specific,
yield reduction caused by an insect in potato cannot be
extrapolated to wheat. When unfavourable conditions
occur yield reduction is different for different crops. To
eliminate this crop effect on RYF, it is preferable to
determine the value of RYF for several crops and use
the average value.

CALCULATED BIOMASS YIELDS

As shown in the appendix for all biomass crops stu-
died a harvest index 0.7-0.75 is assumed. This implies
that yield differences of these crops are the result of the
different PAGB values are caused by differences in
canopy development. Differences between the crops at
the start of leaf emergence and leaf fall of about 2 weeks
occur, which results in differences in PAGB of about
5 ton/ha. For agricultural crops like wheat, potato etc.
the average crop emergence date and harvest date over
several years are known, it is also observed that large
differences between years occur. For the unknown
biomass crops such average values are not available so
that data from field experiments had to be used. Since
large interannual variation can be expected, values
found in one experiment can deviate from the average.
Also large differences in canopy development between
varieties occur. In the Netherlands a difference of one
month in leaf emergence between early and late poplar
clones is observed (van Haaren, 1987). Since it is
not known which clone will be used for biomass pro-
duction in the future, canopy development can deviate
from values used here leading to other yields.

The above-mentioned uncertainties imply that given
yield data for the biomass crops are only indicative.
Therefore it cannot be concluded that miscanthus is the
most promising biomass crop since there is too little
crop specific information available. However, it can be
concluded that the potential annual biomass production
of ’a’ perennial biomass crop lies between 18 and
22 ton/ha. Regional averages of these crops would be
13-15 ton/ha for the high yielding regions and 10—
12 ton/ha for the low yielding regions in the Nether-
lands.

Biomass estimates given in literature for present
conditions in temperate regions are 10-12 ton/ha
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(Hall et al, 1993; Christersson et al., 1993)
which agree with values found here. Estimates for
yields in the near future (2000-2010) vary between
13-18 ton/ha (Lysen etal, 1992; Christersson
et al.,, 1993; Hall et al., 1993). Such yields imply
a RYF value of at least 0.75 which is a reasonable
value for the high yielding regions. For the less favour-
able regions it is rather unlikely that the present RYF
of 0.57 would increase up to 0.75 within 10 years. For
the distant future (2 030) values of over 20 ton/ha are
mentioned (Okken et al., 1994), these values are
even higher than the annual potential production. Fur-
ther it is unlikely that RYF of 1.0 can be achieved
future. On individual fields potential production may
be possible but over large growth limitations like water
shortage will remain so that RYF will stay lower than 1.

CONCLUSIONS

Based on the fact that yields of agricultural crops are
estimated with an inaccuracy of less than 10%, it is
concluded that the estimation method described in this
paper can be a useful tool in the research to possibili-
ties using biomass crops for energy supply. Biomass
crops in the Netherlands will yield about 10-12 ton/ha
in present conditions. The estimates for future biomass
yields used in recent studies are higher than can be
expected on the basis of this method.
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APPENDIX

Potential
5 Develop- 7 IR
Growing yield Ref
CROP season Canopy ;‘A:EIB HI moisture [moisture content
content
Winter wheat | A, Nov-Sept :{l\:illsl\gillll 24 g?-lx?:s :2; ‘}-5‘?;"““’ Jong de, 1986
1V, 20VI, 0.75 15.0 5 leaf, stems Jong de, 1985a;
Potatoes A, Apr-Sept/Oct | | yjry "y 5ix 20 potatoes 80% | 90% Stol etal, 1991
Sugar beet A, 15 Apr, Nov | [V 20VE 27 o8 He | et | pagy, 1986
Maize (silage) | A, May-Nov ISV, 20Vl 2 wa il B i Jong de, 1985b
. 151V, 15VI, 0.73 219 leaves remain | Werf van der et al.,
Miscanthus | P, 15 Apr-Nov | ;5 30 stems 20% | in field 1993
1V, 15VI, 0.72 18.0 leaves remain | Kolster, 1982;
Poplar P, Apt-Oct 151X, 15X 25 | stem, branches | 50% | in field Cannell etal., 1988
. Nilson
f 151V, 10VI, 0.70 19.6 leaves remain A
Willow P, 15 Apr-Nov ; 2 28 ¢ Eckersten, 1983;
IX, 1X1 stem, branches 50% in field Cannell etal. 1987

EXPLANATION OF CATEGORY NAMES USED IN APPENDIX

Growing season: period between sowing and harvest for annuals (A) and period between leaf emergence and
leaf fall (poplar, willow) or annual dying (miscanthus) of the perennials (P).

Canopy development

11V = April 1st, 15V = May 15th

3 data: leaf emergence, closed canopy, harvest

4 data: leaf emergence, closed canopy, start of leaf fall, harvest

ground cover/ ground cover/
fraction absorbed fraction absorbed
1 1
ol 0
emergence canopy harvest emergence canopy slart harvest
closure closure leaf fall

PAGB: potential above-ground biomass expressed in ton dry matter/ha. Value is obtained through multiplying
intercepted radiation by light use efficiency of 1.4 g/MJ.

Harvest index (H. L.): the fraction of the above-ground biomass that is harvested, the plant organs harvested are
mentioned.

Potential yield: potential yield of the crop based on PAGB and the harvest index. Yield is expressed in ton/ha
dry matter. In agricultural statistics the yields are given as fresh weight, moisture content of harvested organs is
therefore given.

Remainder: this is the part of the crop that does not belong to the yield. In some cases the remainder can be
used for other purposes (for instance the straw of the wheat plant) in those cases the production (in ton/ha dry
matter) and moisture content is given.

References: the literature used to obtain information on canopy development, harvest index, moisture content etc.
for each crop.

Contact Address:

Dr. Sanderine Nonhebel, Department of Theoretical Production Ecology, Agricultural University, P. O. Box 430, 6700
AK Wageningen, The Netherlands, Fax: 00318370/848 92
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STUDIES ON THE MECHANICAL PROPERTIES
OF WINTER RAPE STEMS

STUDIUM MECHANICKYCH VLASTNOSTI LODYH OZIME REPKY

G. Skubisz

Institute of Agrophysics, Polish Academy of Sciences, Lublin, Poland

ABSTRACT: In the study the author determined the mechanical properties, as expressed by the maximum bending stress,
rigidity, and the dynamic shear energy of the stems of winter rape, Jupiter variety, grown under differentiated agrotechnical
conditions (sowing densities of 20, 40, 60 and 80 plants/mz; nitrogen fertilization at 120 and 240 kg/ha). It was found that
the conditions in which the plants grew had a differentiating effect on the mechanical properties of their stems. The studies
showed that the strength characteristics of winter rape stems are closely related to the resistance of the plants to lodging.

winter rape; stem; maximum bending stress; rigidity; dynamic shear energy

ABSTRAKT: Piedmétem studia byla ozimd fepka, odriida Jupiter, ve dvou fenologickych fézich (po¢itek kvétu a plnd
zralost), p&stovand pfi dvou hladinéch h i dusikem (60 kg N.ha™' - srovndvaci vzorek, 120 a 240 kg N.ha™!) a pfi rizné
hustot& vysevu (20, 40, 60 a 80 rostlin na m2). Testovény byly lodyhy v misté prvniho rozvétveni. Pocet vzorkid uréenych
k méfeni byl ve viech pifipadech 25, pro kaZzdy vzorek byla pouZita jind lodyha. Mé&feni se opakovalo ve tfech letech.
Néchylnost porostu k poléhédnf byla hodnocena podle klesajiciho sklonu porostu prostfednictvim klesajicf stupnice, kterd
pfifazuje standardnim podminkdm hodnotu 10. Laboratorn{ trojbodovy ohybovy test byl pouZit k urlenf stfedni ohybové
pevnosti lodyhy G, © ohybové tuhosti £J (sou¢in modulu pruZnosti v tahu £ a momentu setrvaénosti J plochy priifezu
lodyhy). Obé¢ veli¢iny byly vyhodnocovany s pomoci ického apardtu odv ¢ho pro ohyb pruZného isotropického
nosnfku. Dynamicky smykovy test byl pouZit k uréeni energie Ed potfebné k prestiiZeni lodyhy. Zdkladni statistické idaje
o experimentech jsou uvedeny v tab. | (varianta hnojeni 120 kg N.ha™') a v tab. II (240 kg N.ha™'). Grafické znéizornénf
namé&fenych hodnot, vEetné tidajl o poléhavosti (lodging) a hustot& porostu (density), jsou uvedeny v obr. 1 a 2. Experimenty
ukazuji, Ze poléhavost je niZ$i u rostlin s vy$§imi hodnotami pevnosti lodyhy, s jeji vy3§i tuhosti a s vy$§imi hodnotami
energie potfebné k prestfiZeni lodyhy. Tento typ rostlin se vyskytuje predeviim pfi nizkych hustotdch vysevu. S rostouci
hustotou vysevu klesaji hodnoty sledovanych mechanickych vlastnosti lodyhy a zdrovefi roste poléhavost porostu.

ozimd fepka; lodyha; maximéalni ohybova pevnost; ohybov4 tuhost; energic potiebnd k pfestfiZeni

INTRODUCTION In the present study the author determined, in static

tests, the maximum bending stress, rigidity, and the

Studies on the mechanical properties of plant stalks
have the primary objective of providing information to
breeders of new varieties. The mechanical parameters
of plants have been demonstrated to be characterized
by heritability of features Jezowski et al,, 1988;
Dolirnski et al, 1989). The value of rape, as an
industrial plant, has grown in recent years. Apart being
utilized for the production of consumable oil of high
nutritional qualities, since there are already varieties
free of toxic elements, it is also utilized for production
of fuel for car engines. Moreover, after diminution, rape
stems are used in the production of a construction ma-
terial. In view of the wide range of applications of rape,
it is necessary to perform studies of the mechanical
properties of rape stems (Skubisz et al., 1989; Bla-
hovec, Skubisz, 1990; Skubisz, 1991, 1993).
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dynamic shear energy of winter rape stems. Using these
parameters, the author characterized the mechanical
properties of winter rate stems. Also, the mechanical
properties of winter rape stems were assessed in the
function of differentiated agrotechnical conditions of
the plant cultivation in order to demonstrate what con-
ditions arc conducive of the appearance of a plant of
high strength of stem, resistant to lodging.

MATERIAL AND METHOD

The study was conducted on stems of Jupiter winter
rape in two phenological phases — at the end of bloom-
ing and at full siliques. The experiment was prepared
with the application of differentiated agrotechnical con-
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. Mean values of mechanical parameters of winter rape stems of the Jupiter variety (x, mediana, W-coefficients of variability, 120 N kg/ha)

Mechanical parameters

Th: soy:ing Q
ienst
lanisimey | parameters MY o) o MER) i) o
Phenological phases the end of the blooming phase the stage of complete filling of siliques
x 281 0.0365 0.6566 2.87 0.0561 0.8845
20 mediana 2.56 0.0269 0.6208 2.19 0.0546 0.8523
W (%) 41 76 40 75 46 52
x 1.75 0.0298 0.2934 2.05 0.0503 0.7478
40 mediana 1.28 0.0248 0.2456 1.61 0.0486 0.7024
W (%) 86 85 48 79 42 55
X 1.71 0.0147 0.2516 2.00 0.0273 0.4756
60 mediana 1.49 0.0119 0.2124 1.56 0.0256 04318
W (%) 60 84 68 61 75 57
x 1.73 0.0083 0.1867 1.83 0.0236 0.3634
80 mediana 1.69 0.0069 0.1486 1.69 0.0218 0.3186
W (%) 59 72 73 55 68 71
x 1.78 0.0189 0.2819 2.02 0.0343 0.3956
Standard mediana 1.71 0.0148 0.2526 1.85 0.0332 0.3401
W (%) 46 68 70 45 66 71

11. Mean values of mechanical parameters of winter rape stems of the Jupiter variety (x, mediana, W-coefficients of variability, 240 N kg/ha)

Mechanical parameters

Th: sowing Q
(plantsity | parameters R ) o oD iy o
Phenological phases the end of the blooming phase the stage of complete filling of siliques
x 1.96 0.0372 0.6457 2.11 0.0526 0.8192
20 mediana 1.79 0.0248 0.6318 2.03 0.0519 0.7221
W (%) 48 53 31 53 51 44
x 1.56 0.0203 03164 1.74 0.0382 0.7138
40 mediana 1.31 0.0189 0.3456 1.64 0.0339 0.5534
W (%) 43 79 34 71 63 72
x 1.54 0.0107 0.2884 1.72 0.0254 0.3769
60 mediana 1.28 0.0086 0.2705 1.46 0.0187 0.3658
W (%) 81 72 48 59 84 55
x 1.52 0.0079 0.1402 1.71 0.0227 0.2753
80 mediana 1.18 0.0096 0.0916 1.42 0.0178 0.2318
W (%) 85 67 81 56 72 67
x 1.78 0.0189 0.2918 2.02 0.0343 0.3956
Standard mediana 1.71 0.0148 0.2526 1.85 0.0332 0.3401
W (%) 46 68 70 45 66 71

ditions. Plant lodging-conducive nitrogen fertilization
was applied at doses of 120 and 240 kg N/ha, with
sowing densities of 20, 40, 60 and 80 plants/m2. To
ensure that the plots contained the required number of
plants per square meter, the plants were repeatedly
counted in spring, removing any accessory bud encoun-
tered. This procedure was necessary, as the same num-
ber of seeds sown every year did not constitute any
replicable factor for the density of plants per square
meter. This means that every year a different propor-
tion of plants survived the winter. The plots were set
up in three replications, in order to obtain high accu-
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racy and replicability of results. For test, 25 plants were
taken from each plot at a time. At the same time, in
order to find a point of reference for the results ob-
tained, it was necessary to determine the mechanical
properties of rape stems grown under standard condi-
tions (which did not lodge). In the standard conditions
the nitrogen dose was 60 kg/ha and the lodging rate
was 10.

Measurements were taken at a characteristic spot on
the stems, just at the first branching of the plant. The
mechanical parameters were determined in static and
dynamic tests. In the static tests the maximum bending
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1. Characterization of the variability of the maximum bending stress
(Omax) Of Jupiter winter rape stems, with an assessment of the plant
lodging rate (a — nitrogen dose N = 120 kg/ha, b - nitrogen dose
N = 240 kg/ha, I - end of blooming phase, II - total silique filling)

stress (Omax) and rigidity (EJ) were determined in the
process of stem bending, using an Instron strength
tester. Samples subjected to bending were freely sup-
ported at both ends and a bending force was applied in
the middle of the distance between the points of sup-
port (Skubisz, 1991/1992, 1993). The results were
recorded by means of a computer. In the dynamic tests
the shear energy was determined using a Dynstat-type
apparatus. The area of the stem cross section (S) was
determined by means of a AT-arcometer. Plant lodging
was assessed using a 10-step scale, where ,,10* means
no lodging and ,,1* means the most advanced lodging
(stem very close to the ground).

RESULTS

The study provided a comprehensive strength cha-
racterization of Jupiter winter rape stems, which al-
lowed also for the determination of the effect of rape
cultivation conditions on the resistance of stems to
lodging (Fig. 1-3). All of the parameters analyzed dis-
played a considerable variability in the course of plant
development.

It was found that the differentiated agrotechnical
conditions of rape cultivation significantly affected the
mechanical properties of rape stems (Tab. I, II). At the
same time, both the sowing density and the increased

ZEMEDELSKA TECHNIKA, 4/, 1995 (2): 65-68

2. Characterization of the variability of the rigidity (EJ) of Jupiter
winter rape stems, with an assessment of the plant lodging rate
(legend as in Fig. 1)

doses of nitrogen fertilization differentiated the plants
with respect to their resistance to lodging.

The study showed that the maximum bending stress,
rigidity, as well as the dynamic shear energy decreased
in values with increasing number of plants per square
meter. First of all, the mean values of the maximum
bending stress were especially high in the case of stems
originating from plots with 20 plamslmz. as compared
with the level of bending stress in the stems of plants
from plots with higher sowing densities. This regularity
was observed both during the blooming phase and dur-
ing the total filling of siliques. It was found that plants
which were highly resistant to lodging were charac-
terized by very high values of bending stress G,
(1.75-2.81 MPa at full bloom, 2.05-2.87 MPa at total
filling of siliques) as compared to non-resistant plants,
by high values of rigidity EJ (resistant plants: 20.2-
37.2 x 1073 I/m? at full bloom, 50.3-56.1 x 107 J/m?
at total silique filling; non-resistant plants: 7.9-14.7 x
107 ¥/m? at full bloom, 22.7-38.1 x 10~ J/m? at total
silique filling), and by high values of dynamic shear
energy Ed (resistant plants: 0.29-0.66 J at full bloom,
0.75-0.88 J at total silique filling; non-resistant plants:
0.14-0.31 J at full bloom, 0.27-0.71 J at total silique
filling). Comparing the results obtained to the results
of the strength properties of plants grown under stan-
dard conditions it was established without a doubt that
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3. Characterization of the variability of the dynamic shear energy
(ED) of Jupiter winter rape stems, with an assessment of the plant
lodging rate (legend as in Fig. 1)

the resistance of plants to lodging is closely related to
the strength charactestics of the plant stems. It was
found that the mean values for plants grown under stan-
dard conditions were high and close to the mean values
obtained for the stems of plants growing fairly sparsely,
i. e. at 40 plants./m2 at N fertilization dose (conductive to
lodging) of 120 kg/ha, and at 20 plams/m2 when the
fertilization dose was 240 kg/ha.

The assessment of the extent of plant lodging
showed that the most resistant to lodging were those
plants which were characterized by high mean values
of the mechanical parameters under analysis (rating ,, 7
in plots fertilized with 120 kg N/ha and rating ,,6“ at
240 kg N/ha) and originated from plots with the lowest
sowing density (20 plants per square meter). The most
susceptible to lodging (rating ,,5 in plots with 120 kg
N/ha and rating ,,2“ in plots with nitrogen fertilization
dosage of 240 kg/ha) were the plants whose stems were
characterized by low rigidity and low values of the
maximum bending stress, as well as of the shear ener-
gy, and which grew in plots with high sowing density
(60 and 80 plants/m?).

Therefore, the study showed that the resistance of
plants to lodging is closely related to the strength cha-
racteristics of rape stems.

CONCLUSIONS

— The study showed a significant relationship be-
tween the mechanical properties of stems and the resis-
tance of rape plants to lodging.

— It was found that the plants which were resistant
to lodging were characterized by very high values of
the maximum bending stress, rigidity, and the dynamic
shear energy, and originated from plots with a low sow-
ing density.

— The study also showed that the mean values of the
mechanical properties decreased with increasing sow-
ing density (plants/mz), and at the same time, their rate
of lodging grew, i. e. the resistance of the plants to
lodging decreased.
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AGROMATERIALS FOR INDUSTRIAL USE -
ART OF FRACTIONATION ‘

ZEMEDELSKE PRODUKTY PRO PRUMYSLOVE UZIT] -
UMENI{ FRAKCIONACE

J. Blahovec

University of Agriculture, Praha, Czech Republic

ABSTRACT: Cultivation and processing of agricultural products for industrial non-food use greatly depends on profitability
of the whole operation. Simple and formal profit equation (1) shows that creation of profit depends on three substantial
components of the whole process: on production of dry biomass, its optimal processing into fractions and costs associated
with it. For market evaluation of cultivation technology and processing of products the following criteria are used: EPL
(energy production limit) expressed by inequality (2), C (completeness) mathematically defined by equation (3), TL (techno-
logical level) with definition in equation (4), PS (production shift) expressed by equation (6) and finally, PC (profit colour)
defined by equation (7). Art of fractionation consists in selection of such technologies which consider EPL, have minimal
wastes (maximal C value), are relatively simple (low TL value) and raise receipts from production (high PS values) at maximal
profits (maximal PC values). Fractionation of products is a very complicated process which generally allows only increase
in concentration of selected components in some of fractions. The degree of separation of components can be characterized
by means of newly-defined quantities: fractionation ratio (A;), fractionation efficiency (Aﬁ) and purity ratio (py). In real
fractionation processes there is mutual dependence between purity ratio and fractionation efficiency. The growth of fractio-
nation efficiency is associated with drop in purity ratio and vice versa. It can be seen on ficticious example (Fig. 2).

profitability; dry biomass; processing of biomass into fractions; costs of processing

ABSTRAKT: Péstovini a zpracovéni zeméd&lskych produktd pro priimyslové nepotravindiské uZiti rozhodujicim zplisobem
zdvisf na ziskovosti celé operace. Jednoduchd a formdlnf ziskové rovnice (1) ukazuje, Ze tvorba zisku je z4visld na tfech
podstatnych sloZkédch celého procesu: na tvorb& suché biomasy, na jejim optimédlnim zpracovén{ do frakci a na nédkladech
s tim spojenych. Pro trini hodnoceni technologie péstovani a zpracovéni produkti jsou zavedena nésledujici kriteria: EPL
(energetické hranice produkce) vyjddiena nerovnosti (2), C (tiplnost), matematicky definovana rovnicf (3), 7L (technologick4
uroveii) s definici v rovnici (4), PS (posun produkce) vyjadfeny rovnici (6) a konecné PC (zabarveni zisku) definované rovnici
(7). Uméni frakcionace spoliva ve vybéru takovych technologif zpracovani, které respektuji EPL, maji minimdlni odpady
(maximélni hodnotu C), jsou relativné jednoduché (nizkd hodnota TL) a zvy3uji trzby z produkce (vysoké hodnoty PS) pfi
maximélnich ziscich (maximélni hodnoty PC). Frakcionace produktil je velmi obtiZny proces, ktery umoZiiuje obecné jen
zvy3enf koncentrace vybranych sloZek v nékteré z frakci. Stupeii oddélenf sloZek je moZné charakterizovat prostfednictvim
nové definovanych veli¢in: frakciona¢nfho poméru (A;), frakciona&nf G¢innosti (lj;) a poméru ryzostf (p;)). U reélnych frak-
cionaénich procesl existuje vzdjemna zévislost mezi pomérem ryzostf a frakcionadnf u&innosti. Rist frakcionaénf G&innosti
je spojen s poklesem poméru ryzosti a naopak. Je to ukézdno na fiktivnim piikladu (obr. 2).

ziskovost; suchd biomasa; zpracovéni biomasy do frakcf; ndklady na zpracovén{

INTRODUCTION countries in the near future as a consequence of unman-
ageable surpluses in food-oriented agricultural produc-
tion. Moreover, sphere of agricultural production could

be understood as a renewable and ecological source of

Non-food use of different products of plant and/or
animal origin by man seems to be older than man’s

ability to speak. They were natural products, and espe-
cially some products of agricultural origin, that were
for many centuries the main important raw materials
for many crafts. Some of them, e.g. wood, plant fibers,
starch, plant oils etc. are usually used as the important
industrial raw materials. Industrial use of these and of
other agricultural products could increase in developed
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raw materials. There is only one effective barrier for
wider use of agroproducts as raw materials in industry:
too high prices of these products in comparison to the
prices of standard industrial raw materials (oil, coal
etc.).

In this short contribution I have tried to show the
complexity of this problem and the role played by dif-
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ferent forms of fractionation of the agricultural prod-
ucts as well as their full utilization for an industrial
non-food use.

ECONOMIC ASPECTS

Profitability of each industrial programme depends
on a lot of technological details, including the market
conditions. In special cases of agricultural production
of raw materials for industrial use we can simply ana-
lyze this process using the profit measure of unit culti-
vated area — P (in money unit per square meter and
year), that can be expressed by the following equation:

P=[®E.(Y,¢;p/100- Y, n;)7100-n]. (1 -n,/100) (1)
i i
where: @ - the mean land production potential in kg of dry matter
(d.m.) per square meter and year
E - transformation efficiency (in per cent)
¢i - concentration of product i
pi — price of product (money unit per kilogram of d.m.)
nrj — relative cost of operation j (money unit per kilogram
of d.m.)
ne — constant cost (money unit per square meter)
n; - profit tax in per cent

Equation (1) is based on the energy flux coming
from sun on one square meter of field area per vegeta-
tion period, expressed via photosynthetic equation
(15.7 M1J per kg) by photosynthetic matter (simply as
d.m.) as the mean production potential (about 200 kg
d.m. per square meter and year for the area of the Czech

L. Influence of external process parameters on the quantities in equ-
ations (1).

Process parameters O | E|c|p|n|n
Geogtaphic conditions )
north latitude x| wx | x| oxx
above sea level R x| xx
Climatic conditions
temperature xxx | %k *
rainfall wen [ wx - g
sunshine e
Cultivation
sorts of plants wax | xxx | wxs [ wax [ wx
methods of cultivation wxn [ wx [ oww [ o | e
methods of harvesting | wx | ex | an | ws
extent of cultivation * | x| wen | wex
Processing
transport *% *% | xxx
storage % [ xw | %
methods kk | Rk [ ka
quality wxx | wex | wxx
Market conditions
supply — demand o [ oxwx | xx

Symbols: * weak influence, ** strong influence, *** very strong
dependence
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Republic). Only a part of production potential can be
really obtained from one square meter per year in the
form of the harvested dry matter, this part is determined
by transformation efficiency E, which is very variable
for different conditions and for different plants (0.1-5%
- Dykyjov4, 1976). Incomes depend on concentra-
tions ¢; of different components (with different prices)
obtained by fractionation of the harvested dry matter
and outcomes on the other hand are related to different
operations that are used for cultivation, processing and
market operations.

It is clear, that the profit measure of any production
technology strongly depends on details of the technolo-
gy scheme. Influence of different parameters on profit
is in Tab. I. Dry matter yield depends not only on
geographic and climatic conditions through the mean
production potential and transformation efficiency, but
also on a type of the cultivated plant and all the details
of the technology used for cultivation, harvesting and
primary processing. Tab. I indicates the important role
played by the fractionation processes that determine
proportions of different partial products with different
prices. For reaching the maximal profit it is necessary:

- to minimize outcome of production in the form of
losses,

— to arrange the fractionation process in such a man-
ner, that products could be sold under the best condi-
tions,

- to minimize the cost of production.

Profit is determined mainly by market conditions
and by prices of the obtained products. It is clear that
the fractionation process, i.e. the production of the
products that are market desirable or those that can be
used for production of market desirable products, plays
a crucial role in profit formation. Success in cultivation
of plants for an industrial use should be based on a suit-
able plant (here is important the breeding of suitable
plants) cultivated in good conditions and processed by
good technologies.

Market evaluation of different cultivation and proc-
essing technologies can be done on the base of equation
1. Five the most important characteristics can be used
for this purpose. The first one can be denoted as en-
ergy production limit EPL. Itis given by the
highest production of plant energy biomass for burning
(in money units per square meter and year). Higher
production requires other methods of production with
more complicated methods of processing. This request
can be formulated in terms of equation 1:

E.Y ¢;pi/1002Ey,p, )
i
where: Epm — maximal transformation efficiency for biomass pro-
duction in the same conditions

pb - the market price of biomass dry matter for burning
Further important market parameter is com-
pleteness C of the processing that is given by the
total concentration of dry matter in the fractions that
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have some market use. It could be expressed by the
following formula:

=Y /100 3

where sum is performed only for the fractions with
market price above zero. Increasing value of complete-
ness indicates decrease in losses of processed biomass
as well as decrease in wastage in fractionation scheme.
Maximum value of completeness is one for schemes
without losses of dry metter. Technological
level TL is another parameter that can be used for
description of processing costs by the equation:

TL=Y ni/ > ny @
j k

where: Znx — sum of costs spent for production of the raw biomass
in the analyzed scheme
Znyj — sum of all costs spent in that scheme (including pro-
cessing)

Minimum value of TL is one for production of un-
processed biomass and it increases when the processing
scheme is getting to be more complicated.

Economic aspects of the real cultivation and pro-
cessing scheme can be evaluated through two following
market parameters: production shift and profit colour.
Production shift PS gives an information how
many times higher is the production of the analyzed
scheme in comparison to its part that products raw
biomass. Mathematical expression of PS is given by the
following equation:

PS=Y ¢;p/(100p,) )

where: p. — price of the whole biomass before its processing (in
money units per square meter and year)

Profit colour PC shows how many times
higher is the profit for the analyzed scheme in compari-
son to such an alternative scheme that gives raw
biomass only (for example for burning) with the high-
est possible profit. It can be expressed by the following
equation:

PC=E.(Y,c;p/100 =Y, n;)/[Ep, (= 3, 1)) 6)
i j j

where: Epm, pb, and nyjp — parameters of the alternative scheme giv-
ing the crude biomass only

Market aspect prefers technological schemes that re-
spects energy production limit and has the highest val-
ues for both product shift and/or profit colour. From
ecological point of view the highest values of com-
pleteness are desirable. Lower values of technological
level are usually welcomed by the both ecologists and
economists but this relation is not trivial. From this
point of view art of fractionation can be expressed by
the following rule: to find fractionation systems with
high completeness and low technological level that
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have higher production shift and the highest value of
profit colour.

Good fractionation system has been developed for
flax stem (Fig. 1 — completeness above 0.8). Almost all
dry matter is processed for the products that can be
managed : seeds as a source of oil, stems as a source
of fibers for textile industry and crafts as well as
a source of material for the production of boards that
are used in building industry. Success in this area is
based on the plants of the highest quality and on tech-
nologies making possible to obtain the highest propor-
tion of the best quality products — the best fibres for
textile industry. Further improvement in this direction
can be reached by new varieties of flax of higher qual-
ity and by further improvements in the sphere of proc-
essing — better methods of fractionation and new types
of products from flax stem components.

SOME OTHER FRACTIONATION
CHARACTERISTICS

Fractionation is based on division of material into
different fractions with different content of different
components. It can be described by three characteristics
for each fraction, i.e.:

— fractionation ratio A; = m;/m,

— fractionation efficiency in = ¢ji/¢j

- purity ratio pj; = ¢j; + ¢y,
where denote index i fraction, index j component,
m mass and ¢ mass concentration (c,; denotes moisture
content w.b. in fraction ¢). Addition of all fractionation
ratios (for different fractions) equals to one. Similarly,
addition of A;.A;; for all fractions gives one. In the simp-
lest case of two fractions and two components (dry
matter and water) fractionation can be described only
by two values: fractionation ratio (for example for lig-
uid fraction) and fractionation efficiency (for example
for water).

Good fractination process is characterized by high
values of fractionation efficiencies and by values of
purity ratio close to 1 at least for one component and
one fraction. Real fractionation processes show that
some complementarity exists between separation effi-
ciency and purity ratio evaluated for the same compo-
nent and fraction. Higher purity ratio is connected with
lower values of fractionation efficiency and vice versa.

Seed Dewing
separation
further
seeds ___  further fiber
(16.5%) processing 77 %) and
textile
"';:;‘“ stems dew stem tow use
(100 %) (73%) (54.8 %) (5.5%)
chatf losses ‘wood production
(10.5 %) (18.2%) (41.6%) — of plates

1. Fractionation of flax stem (Quality: First Class). In brackets are
given weight concentrations of fractions in per cent of harvested
stem
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This complementarity can be illustrated by Fig. 2, in
which fractionation efficiency for the component 1, be-
ing in mixture with the other component 2, is described
in relation to some structural property x that is used as
a separation measure. Distributions of the both compo-
nents in the mixture are described in this case by
Gaussian curves (Fig. 2) and fractionation of the mix-
ture is understood as a separation process in which
mixture is divided into two fractions. The first of them
contains those parts of the both components with x less
or equal to separation value x; and the second one con-
tains other parts. Then fractionation efficiency of the
first component into the first fraction (A;) is given by
the following equation:

X’

A,,=C'—ljw,dx %)

and purity ratio is in proportion to the following ex-
pression:
X,
Pn"’l‘.[“’zd" (8)
Equations (7) and (8) show the role playing in frac-
tionation process by components concentrations (c; and
¢,) and some uncertainty in components determination
by property x — for each component some variance in

x exists and is described by values o;. Especially the
increasing values of standard deviations are the main
obstacle in separation processes of the components.
Each increase in the fractionation ratio A, connected
with an increase in value x;, causes at the same time
the increase in A} and decrease in py), as is clear from
equations (7) and (8). But relation between these
changes depends on variance measures, i.e. standard
deviations ;.

High purity of the product as well as the high frac-
tionation efficiency in real fractionation processes usu-
ally need more complicated and more expensive frac-
tionation technologies. This is why some optimal way
of fractionation must be found out for each special
case. The measure of the optimization could be profit-
ability of the process. It seems that the right fractiona-
tion methods used for the whole production as well as
the best methods of product processing are the key
points for the further development in production of
agromaterials for industrial use.

CONCLUSIONS

It was shown that profitability of production of agro-
materials for industrial use is determined by:

- transformation efficiency in production of dry
matter, determined by plant types and methods of cul-
tivation,

— methods of fractionation of the obtained produc-
tion into manageable products with high prices,

- costs of production.

Fractionation parts of technologies have a crucial
role for determination of their profitability. Full use of
the produced dry matter and gaining of the most valu-
able parts of the production can be reached only on
fractionation principle.
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ENERGY CROPS IN THE UK: A DEVELOPING FIELD

ENERGETICKE PLODINY VE VELKE BRITANII: MOZNOSTI ROZVOJE
K. M. A. Gartland, G. D. Main, J. S. Gartland

Plant Biotechnology Research Group, Department of Molecular and Life Sciences,
University of Abertay Dundee, Dundee, Scotland

ABSTRACT: A number of different crop plants are being grown in the United Kingdom for energy purposes. Amongst these
are willows (Salix spp.), poplars (Populus spp. hybrids) for chipping and heating purposes and oil seed rape for biodiesel.
Examples of the uses of these crop types, together with the factors affecting their present and future potential productivity,
are discussed.

energy crops; willow; poplar; oil seed rape; chipping and heating; biodiesel

ABSTRAKT: Ve Velké Britdnii se péstuje mnoho riiznych plodin vyuZitelnych pro energetické icely. Mezi né patii odridy
vrby (Salix spp.) a topolu (Populus spp.) vhodné na $tipani a spalovéni a fepka na vyrobu bionafty. V pfisp&vku jsou uvedeny

piiklady pouZitf t&chto rostlin a moZnosti jejich soucasného i vyhledového vyuZiti.

energetické plodiny; Salix spp.; Populus spp.; Brasica napus; $tipani a spalovini; biomasa

INTRODUCTION

The United Kingdom obtains its energy from a num-
ber of different sources. These include oil, gas, coal and
nuclear power. Some of these energy sources such as
the North Sea oil and nuclear power, are available from
within the UK, whilst others, such as coal and some
other types of oil products, are increasingly being im-
ported. All of these are non-renewable energy supplies
and obtaining energy from each of them causes damage
to the environment. As environmental awareness in-
creases, more and more people are beginning to ques-
tion the wisdom of plundering the environment for once
only energy gains. This has led to an upsurge in interest
in environmentally friendly fuels, from renewable
sources, which can be obtained without causing signifi-
cant damage to the environment. Amongst the possible
renewable energy sources are wind power, wave power
and the use of bio-fuels, including plant biomass. Crop
plant biomass is a readily renewable fuel supply
(Mitchell, 1989). Given appropriate management
techniques, bio-fuels need not be damaging to the envi-
ronment. This sustainable energy source is available from
UK grown materials which, in addition to reducing the
UK energy imports bill, can also have considerable amen-
ity value. This extends from improving the appearance of
the countryside, to potentially cleaning up contaminated
land (Derelict Land Reclamation Research Unit, 1982).

ENERGY CROPS AND THEIR UTILIZATION

The ideal energy crop should consist of dry harvest-
able material, which is easily combustible. Supply
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should be available in large quantities, preferably in
close proximity to some form of processing plant. It
should have low establishment costs, including the cost
of ground preparation, planting and maintenance spray-
ing etc. prior to harvest. It should have good disease
resistance, so that as little as possible biomass is wasted
(Culshaw, 1993). The ideal energy crop should have
a favourable energy balance, so that as much of the
solar radiation intercepted as possible is converted into
biomass which is useful for fuel purposes. This property
should also encompass efficient utilization of water and
nitrogen resources from the soil. Yield should be close to
the theoretical maximum, in the prevailing growth condi-
tions. This particular property can be very important in
many parts of the UK, where climatic conditions vary
considerably from south to north, and spells of extreme
weather conditions, particularly in Scotland, are quite
common. Furthermore, an ideal energy crop for the UK
should provide some environmental benefits, agricultural
continuity and economic gain. These last two features are
particularly important in rural areas, and apply equally
well to the rest of Europe as to the UK.

The ways in which biomass crops can be utilized
depend, in part, upon the very nature of the crops them-
selves (Culshaw, 1993). Trees, such as willow, pop-
lar, or other woody plants can be used as fuels for
combustion, gasification or eventual conversion to li-
quid fuel. Biomass from annual plants, however, can
be digested anaerobically, used directly in combustion,
fermented to produce ethanol, or, in some cases, such
as oil seed rape, part of the plant can be esterified into
valuable methyl esters. Examples of each of these en-
ergy crop types will be considered in detail.
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WILLOW FOR SHORT ROTATION COPPICING

Willow has traditionally been used in the UK for
basket-making, coracle building and in the manufacture
of cricket bats. In recent years, however, the faster
growing types of willow have begun to be used in a va-
riety of new ways. These include the use of willow
together with geotextiles in bioengineering pro-
grammes, for the stabilization of slopes and river
banks, the creation of bio-bunds to screen newly built
roads in environmentally sensitive areas, and to provide
sea defences (Stott, Durrant, 1993). The most
promising new uses of willow, however, centre on
biomass production for energy purposes from farmland,
or contaminated industrial sites. Whilst logs of willow
are poor for combustion purposes, chips with ade-
quately controlled water content can be burnt effi-
ciently. Obtaining unrooted cuttings or rods of various
willow species (more than 40 different clones are avail-
able) for short rotation coppicing, and adequate weed
control during establishment are the major costs in-
volved. Other aspects of site preparation, fencing and
general site maintenance, together with beating up, the
replacement of failed stems, lead to minor expenditure
(Mitchell et al, 1993). Typically, 25 cm rods of
disease-free material from well-characterized varieties
are planted at densities of approximately 10,000 trees
per hectare and allowed to grow for one season, before
being cut back hard to the bole near ground level dur-
ing late autumn or winter. In the subsequent growing
season, the stems will grow back vigorously, producing
large amounts of new growth. Fast-growing willow va-
rieties can be coppiced every one or two years. High
biomass yield is associated with tall, thick stems, ideal-
ly of even thickness and good wood quality. Even stem
thickness can be quite important for the mechanical
harvesters used, often utilizing spare capacity from
grain or forage harvesters, since unusually for an agri-
cultural crop, willow can be harvested during the win-
ter months. This in itself means that the capital outlay
for such energy coppicing is quite low. Harvested rods
can be cut into 25cm sections and used for fresh plant-
ings, or chipped for fuel. Yields of 35-45 tonnes/hec-
tare wet weight are not uncommon (Fig. 1), if an ap-
propriate combination of willow clone, site, planting
density and cutting cycle is used. A poor combination
of these factors can reduce yields by up to 90%. Re-
ducing the water content of the chips in as cost-effec-
tive a manner as possible is very important for the
economic viability of willow coppicing. Chips are rou-
tinely stored in dry, well ventilated stores for several
months, until the water content drops to approximately
25% wiv. Such Yyields can produce 14-18 tonnes of
oven dry chips per hectare. The chips produced may be
used to provide heat for farms or small communities by
direct combustion, returning carbon dioxide to the at-
mosphere or, if produced on a sufficiently large scale,
can be used in power stations. Large scale willow
growth for coppicing is more likely to become eco-
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1. Yields from selected willow cultivars from Dunstall Court Farm,
1992 and 1993 (Data courtesy of A. F. Hill and Son)

MU - Mullatin, VG - Viminalis Gigantea, DA - Dascylados, BH -
Bowles Hybrid, KO - Korso, BM - Brown Miriam, Hy — Hyma-
layas, CA - Candida

nomically viable if electricity generating companies,
such as PowerGen and HydroElectric become obliged
to obtain significant amounts of their energy from re-
newable sources. An extension of the Non-Fossil Fuels
Obligation by the UK Government for at least 20 years
would provide sufficient incentive to achieve this,
rather than continuing to burn imported coal (Stott,
Durrant, 1993). Willow has several advantages over
most other trees for energy cropping purposes, includ-
ing vigorous re-growth, and potential usability of the
whole tree for chipping purposes c.f. only 40% usabi-
lity for most forestry species. Additionally, selected
willow clones can produce significant yields from the
same bole for 15-20 years. This feature reduces repeat
year costs considerably.

Careful selection of appropriate disease-free clones
is vital for high willow productivity. Some species,
such as Salix burjatica, can be very susceptible to wil-
low rusts, whilst others, such as S. viminalis which
were once thought to be rust resistant, may now be
susceptible. Terminal tip death, caused by Rhabdo-
phaga gall midges, or damage from grazing mammals
can also lead to significant losses (Mitchell et al.,
1993). Watermark disease, caused by Erwinia species,
may also be a threat to high yields. Although some
progress has been made in combatting this particular
disease, it has not yet been completely overcome.

POPLAR COPPICING

A large number of Populus spp. hybrids are also
being used in short rotation coppicing for fuel purposes
(Mitchell, 1989). Poplar yields from short rotation
coppicing can reach 30 wet tonnes/hectare in a good
year in the UK climate and 18 wet tonnes/hectare in
a poor year (Fig. 2). Poplar benefits from less frequent
coppicing, since the main stem may not recover too
well from long periods of frequently repeated cutting
back. Typically, poplars are left for three, or even four
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2. Yields from selected poplar clones at Dunstall Court Farm, 1992
and 1993 (Data courtesy of A. F. Hill and Son

RAP - Rapp, FRI - Fritzi Pauley, BEA - Beaupre, BOE - Boclare,
DOR - Dorskamp, TRI - Trichobel

years between coppicings. Reduced yields from too fre-
quent cropping are particularly common with the high-
est yielding clones, such as Rapp and Beaupre. The
bushy habit of young poplars also influences the plant-
ing density for these Populus hybrids, which require
more space than the willows and are typically planted
at densities of 6-7,000 trees/hectare (Mitchell etal.,
1993). Particular care must be taken when harvesting
poplar, also in the winter, to avoid stem regions which
are too thick to be handled easily by the available cut-
ting machinery.

MIXED RESULTS WITH MISCANTHUS

The perennial rhizomatous C4 grass Miscanthus,
which is capable of 4.5 m growth in one year and
26 dry tonnes/hectare yields (E1 Bauam, 1994) has
been tested under UK conditions. Plant costs of
40 pence ($0.64) each were considered to be high, par-
ticularly when densities of 20,000 plants/hectare are
used. Projected profitability from the growers’ point of
view were encouraging, but unfortunately prevailing
weather conditions make Miscanthus, rather like maize,
unlikely to be suitable for biomass crop purposes north
of London (Speller, 1994). This is a pity, since most
of the surplus land in the UK is north of this latitude.
The potential of this energy crop is therefore very lim-
ited in the UK, once regional yield and cost considera-
tions are taken into account. Other C4 rhizomatous per-
ennials, such as Spartina species, have been tried, but
poor tolerance of low temperature (Potter, 1994),
amongst other factors, has limited yields.

SITE SELECTION
Careful site selection can be just as important to the

potential viability of a short rotation coppicing opera-
tion as the choice of clone. In less hospitable areas,
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such as in Orkney, where few trees become well estab-
lished due to the very windy conditions, sites may be
surveyed using tatter flags to give an indication of
growth potential. This is achieved by flying 30 cm
square cotton tatter flags from metal poles and observ-
ing the degree of wind damage, or tattering, caused to
the flag over an extended period. Such tatter flags,
which were invented on Orkney, can be image analyzed
to cstablish the degree of tattering from large numbers
of different sites. There seems to be a strong correla-
tion between the extent of tattering and potential for
tree establishment in these windy conditions. Indeed,
so good is this predictive test, that these tatter flags
have been used throughout the world. S. smithiana
thrives in the wet and windy conditions found in the
Northern Isles, 100 km from the northernmost point of
the Scottish mainland and is a good indicator of poten-
tially suitable sites for large scale growth. With reduced
demand for pasture products, rural economies such as
Orkney’s need to find other money-spinners. Currently,
UK farmers can earn up to £203 per hectare in set-aside
payments from the European Union. Short rotation cop-
picing of willows or poplars can, in appropriate situ-
ations, provide an additional source of income and also
reduce farm fuel bills in an environmentally friendly
manner (Tabbush, 1993).

BIOREMEDIATION

An alternative strategy is to use fast-growing wil-
lows on derelict industrial land which may be contami-
nated with large amounts of pollutants, including heavy
metals. Upwards of 200,000 hectares of derelict land
are potentially available in the UK for short rotation
energy crop uses (Derelict Land Reclamation Research
Unit, 1982). The biomass obtained may even concen-
trate the contaminants, so helping to reduce the pro-
blem and return the land for other potential uses. The
availability of surplus land in the UK is predicted to
reach 2 million hectares in the UK by the year 2000,
and perhaps ten-fold greater areas across the European
Union. This approach has dual benefits, since the land
can be returned into productive or amenity use after
bio-remediation, as well as the biomass used for energy
purposes (Hunt, 1993).

BIODIESEL FROM OIL SEED RAPE

Brassica napus is being grown in the UK on an
increasing scale, with 413,000 hectares planted in
1993. 50% of this production occurs in Scotland, from
whence the seed is transported, at a cost of £15/tonne
to Liverpool, 450 km away, or to Rotterdam for trans-
esterification (Kerr Walker, 1994). The UK, Fran-
ce, Germany and Spain have in fact, all exceeded their
European Union (EU) oil seed rape quotas for this pe-
riod, and are likely to suffer subsequent subsidy penal-
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ties, of approximately 18% for UK farmers. Farmers
will, therefore, increasingly be looking for added prof-
its from their permitted oil seed harvest. Ways of
achieving this in the UK currently being investigated
include the potential of biodiesel production and the
genetic modification of the Brassica napus genome to
produce high grade cutting lubricants for the North Sea
oil market. Biodiesel could be a particularly attractive
proposition, since additional profits of £115/hectare
have been forecast on costs of £450/hectare, 50% of
costs being for seeds. The EU produces only 2.5% of
its fuel from biomass, as against a world mean of 14%,
and 8% of US fuel (equivalent to 9,000 MW) from the
use of ethanol in gasoline alone. Additionally, biodiesel
has only 25% of the toxicity of mineral diesel to trout,
daphnia or cress and less than 1.5% of toxicity to green
algae (Korbitz, 1994). Obtaining diesel in a rela-
tively environmentally friendly manner like this seems
very attractive. Anticipated prices for biodiesel of
33.2-35.4 pence/litre make this option unattractive
against the “red mineral diesel* available to licensed
farmers at 14 pence/litre or HGV mineral diesel avail-
able at 34 pence/litre (Kerr Walker, 1994). Biodi-
esel from the UK seems then only to have a large scale
future if it becomes zero rated for duty purposes
(Askew, 1994). This would involve the UK govern-
ment losing up to 26 pence/litre in tax revenue and
optimism for this approach must be balanced by real-
ism. However rape seed is used, the stalks can always
be put to good use, for example as an adjunct to sewage
sludge in composting.

In this paper, a variety of ways of obtaining energy
from crops suitable for the UK have been discussed.
The potential usefulness of biomass crops for energy
purposes is clear. What remains to be seen, however,
is whether or not the political will exists for this renew-
able, environmentally friendly energy source to be ta-
ken up by farmers on a sufficiently large scale to be-
come economically, as well as environmentally viable.
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ACTUALITIES

BIODEGRADABLE MATERIALS FROM STARCH-CONTAINING PRODUCTS

PROPERTIES OF STARCH

Most abundant biopolymer is cellulose since it is the
main building material of plant body. Consequently,
cellulose was one of the materials man was using from
the very beginning of his evolution. Cellulosc belongs
to biodegradable materials, however, its degradation is
rather slow and organisms able to its hydrolysis and
utilization are scarce. The other plant common polymer
— starch — plays a different role. It serves as a storage
form of energy and carbon building material for plant.
Therefore its mobilization must proceed much faster
and enzymes able to depolymerise it are wide-spread in
the nature, many being present in mammals particularly
in digestive tract. Therefore starch is considered as food
rather than construction material.

There is also serious difference in the chemistry.
Cellulose is composed of linear nonbranched polyglu-
cose chains which form crystalline organization. This
is why cellulose is insoluble and exhibits high mecha-
nical strength.

Starch is in fact a mixture of two very different
polymers of glucose — amylose and amylopectin — as
defined in 1952 by Karl Meyer. The structure of the
former polymer is similar to cellulose, but some degree
of branching, even with short side-chains, is present. It
is soluble in water, however, the solutions are not stable.
After some time the polymer turns to insoluble matter.

Amylopectin is a huge branched structure. The
backbone (1—4) polymer with the single reducing end
of amylopectin carries many (1—6) bound long chains
which in turn are substituted again through (1-6)
bound by short chains. Thanks to this structure and size
amylopectin forms gels in water.

There are different ratios of amylose and amy-
lopectin in plants. By selection plants rich in either of
these components can be obtained.

BIODEGRADATION OF STARCH

The degradation of starch by enzymes proceeds by
three types of hydrolysis:

a) exo-degradation which has sometimes the nature
of glucose transfer,

b) endo-hydrolysis of linear parts of the (1—4) poly-
mer and

c¢) specific attack to the (1—6) bound which causes
debranching.

Following is the list of most important degradation
enzymes:
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STARCH DEGRADING ENZYMES

a-Amylase-Endo-(1-4)-a-D-glucan-4-glucanohydrolase
Can be found in animals in pancreas, plasma, gut and
mammalian tissues. Attacks the chain at random and
the fragment at non-reducing end is preferred. Stops at
branching point.

Dextranase- Endo-(1—6)-a-D-glucanase
It is not present in mammals. This is why dextran
which used to be given to people as a plasma expander
is not degraded in the body. However, it is present in
Penicillium, Streptococcus and Lactobacillus which
may explain its presence in human colon.

Amyloglucosidase (Glucoamylase) -Exo-(1—4)-a-D-
-glucanglucohydrolase

Not present in mammals, neither in bacteria. It is pro-
duced by molds. Removes glucose from non-reducing
end. Hydrolyses (1—4), (1-3) and (1—6) a-D-gly-
cosidic bonds. The configuration on the c!is reversed
after hydrolysis.

B-Amylase -Exo-(1—4)-a-D-maltohydrolase

Not found in mammals, however very common in
plants and bacteria. Removes maltosyl units from non-
reducing end. Stops 2 to 3 units from branching
point. The configuration on the CI is reversed after
hydrolysis. Used in the characterization of branching
degree.

Glucodextranase — Exo-(1—6)-o-D-glucanase
Not observed in mammals. Isolated from Arthrobacter
or Streptococcus. Removes glucose from dextran.

Phosphorylase .

Starts from non-reducing end and transfers glucose units
to phosphate. Stops 6 units from branching. The reac-
tion is reversible.

Isoamylase — Glycogen-6-glucanhydrolase

Isolated from Pseudomonas and Cytophaga. Debranch-
ing enzyme since it hydrolyses (1—6) bonds.
Pullulanase - Pullulan-6-glucanohydrolase

Obtained on preparative scale from Enterobacter aero-
genes. Routinely used for debranching of amylopectin.

Amylo-(1-6)-D-glucosidase, a-D-glucotransferase
Debranching enzyme of mammalian source. Degrades
glycogen.
CHEMICAL MODIFICATION OF STARCH

Similar to cellulose most of the chemical modifica-

tion of starch is based on esterification or other forma-
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tion. In the former procedure either acylanhydride or
salt of the acid with some catalysis is used. Thermo-
plastic materials has been described based on esterifi-
cation by lactic acid. Starch acetate has been isolated
and used in a similar way as cellulose acetate.

Ether formation is an essence for preparation of hy-
droxyethyl starch or carboxymethyl starch. The former
polymer is very important as a plasma expander in
pharmacy. In contrast to dextran is degraded in plasma.
The rate of degradation can be controlled in a broad
scale by the degree of substitution.

In all these modifications the properties of the final
polymer depend on many variables:

a) the ratio of amylose and amylopectin in the start-
ing starch,

b) the degradation prior/during modification,

c) the degree of substitution,

d) the ratio of substitution at C2 and CS.

SOME BLENDS AND COPOLYMERS

Many patents are dealing with combination of starch
and common synthetic polymers. Two principles can
be observed:

1) Starch is added as an additive to the matrix of
synthetic polymers, e. g. polyethylene. By the degrada-
tion of starch inclusions the material is mechanically
disintegrated. Nevertheless, the chemical structure of
the synthetic polymer is not changed.

2) The matrix is formed by starch or, more often, by
chemically modified starch, and the synthetic polymer
is added in minute fraction in order to improve the

Prof. RNDr. Jaroslav Drobnik, CSc., I

mechanical parameters. Polyethylene glycol is used as
a softener or EVA (ethylene-vinyl acetate) is used for
an improvement of mechanical strength. Some of these
synthetic polymers are believed to be subjected to bio-
degradation.

GENERAL PROBLEMS

Any attempt to prepare biodegradable polymers as,
e.g. packing material, meet the problem of finding an
optimal position between to extremes:

A) The material is sensitive to moisture, does not
protect from molds and other deterioration processes.
It is readily biodegradable.

B) The resulting material is water-repellent, protect
well from spoiling goods during storage. The biodegra-
dation is very difficult.

Another problem is the price. It depends on the start-
ing product. In some technologies pure starch is used.
This is not acceptable in our country. We want to use
the product of our agriculture. Pure starch manufactu-
red from our products is too expensive, therefore such
technology would use imported corn starch which
would not help to utilise the overproduction of, e.g.
potatoes.

In other technologies the acetyl of starch is prepared
directly from, e.g. flour and then is isolated. Such pro-
cedure is expensive for ccological reasons. It produces
too much of sewage water. Therefore we try to find
a way how a useful material can be produced directly
from powdered dry potatoes.

of Biotech

logy, Charles University, Praha

Contact Address:

Prof. RNDr. Jaroslav Drobnik, CSc., Pfirodovédeckd fakulta UK, Biotechnologicky ustav, Viniénd 5, 128 44 Praha 2,

Cesk4 republika, fax: 0042/02/29 36 43
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ACTUALITIES

UTILIZATION OF THE FOREST BIOMASS FOR ENERGY PURPOSES

IN THE SLOVAK REPUBLIC

The forest biomass is being utilized energetically in
the form of fuel wood assortments, timber in self-pro-
duction and perks. The average annual amount is ap-
proximately of 400,000 t with the energetic equivalent
of 3,800 TJ which represents less than 0.5% of the
whole consumption of energy in Slovakia. The ener-
getic efficiency of its present utilization is low, ap-
proximately 55%. :

The countries with comparable conditions (Austria,
Switzerland, south of Germany) draw the energy from
the biomass from 2 to 3%, regionally up to 5% of the
total energy consumption.

At the present time there are being developed the
equipment for harvest, dimensional homogenization,
transportation and production of energy from forest
biomass in Slovakia.

UNUSED POTENTIAL OF FOREST BIOMASS
CONVENIENT FOR ENERGY PURPOSES

Technological waste unusable in industry (branches,
tops, stubs, roots etc.) is being occured at the timber
felling. Besides, thin trees are logged at the tending
measures in young stands which do not have a com-
mercial utilization at all. Another technological waste
occurs in the wood handling. These sources of biomass
can be used for energy production.

At the balance of the biomass sources for energy it
is necessary to reduce the total sources of biomass by
those which are situated in the difficult accessible
mountain terrains, in working places with very low
concentration of biomass logged and in places with soil
poor in nutrients where the degradation of site condi-
tions in consequence of utilization of the whole bio-
mass would appear.

After these reductions approximately 400 thous. t
of biomass per year, which represents in energy about
3,350 TJ, are available for energy utilization within the
hitherto logging method and the volume of timber logged.

In the nearest future this amount will increase as
a consequence of. deterioration of logged timber quality
from stands damaged by pollution. In these stands the
share of timber inconvenient for industry utilization is
increasing. Besides, the more intensive treatment of
young stands is required where other sources of
biomass are being arisen which are a potential for en-
ergy. From those sources 110 thous. t of biomass, i. e.
approximately 880 TJ per year, will be available for
energy purposes.
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Another source of wood for energy production is the
waste from smaller wood-working plants, which belong
to the state-owned enterprises of forestry or in private
ownership. The sources of wood for energy there are
approximately 90 thous. t annually, i. e. approximately
720 TJ.

In total approximately 600 thous. t of forest bio-
mass, i. e. 4,950 TJ of energy, is available for energy
utilization annually.

In this decennium the classical assortment - a fuel
wood - will be logged on an average annual volume of
350,000 m> of which the energy equivalent is 3,320 TJ.

Another potential source are the so-called energy
forests in non-forest land. It would be possible to pre-
dict a gain of energy equivalent to 4,200 TJ annually
by the year 2005 with the present knowledge and opti-
mum realization of intentions.

TECHNOLOGIES AND MACHINERIES FOR
PRODUCTION OF FUEL-BIOMASS

Technologies and machineries have been designed
for utilization of dendromass in clearings, thinnings as
well as in regeneration fellings in dependence on the
place of performance of the individual working opera-
tions, composition of machinery sets according to
users’ subjects (large state enterprises, private firms
etc.). The calculations were executed on the base of the
annual efficiency of the machinery sets to which the
machines were chosen so that their efficiency is com-
parable. The calculations were made on the level of
direct production costs which provide a better possibi-
lity of their comparing without an influence of the other
costs, especially of overhead costs which deform the
resulting values.

Homogenization of the wood waste is a decisive te-
chnological operation during its processing. The choice
of kind and type of equipment for the size adjustment
depends on the locality of occurrence, kind and con-
centration of raw material and on the method of its
utilization — technological, energetical — direct combus-
tion, gasification, briquetting, etc.

The chipper S-800 has been developed and made at
the Forest Research Institute and determined for proc-
essing of less-valuable wood occurred in lower concen-
trations with the annual efficiency of 2,000 to 3,000 t
of chips. The waste wood chipper D-1000 has been
developed for the wood processing in higher concen-
tration.
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CHIPPER S-800

S-800 is a disk chipper intended for wood process-
ing with diameter to 15 cm. It operates as a mobile
equipment mounted to the three-point tractor suspen-
sion or it is stationary driven by electric motor. It has
either two knives - chips of a length 12-25 mm - suit-
able for direct combustion at the energy utilization, in
the case of raw material of better quality for techno-
logical purposes, or it has three knives in disk and
produces chips of a length 4-8 mm suitable, i. e. for
production of fuel briquets.

Basic technical specifications:

diameter of chipping disk 830 mm
number of chipping knives/counter knives 2 (3)/1 ps
admission aperture 265 x 285 mm
max. diameter of chipped wood 150 mm
chips length adjustable 5-25 mm
drive - electric motor 40 kW

- three-point tractor suspension 50 kW

750 turns.min™"

chipping disk speed - stationary
950 turns.min”'

900 kg

- mobile
weight of chipper

WASTE WOOD CHIPPER D-1000

Waste wood chipper is intended for the dimensional
homogenization of wood raw material which is not
workable at all or only with large problems. In forestry
it is the question of short tail cuts-off (waste wood)
which results from roundwood handling, branches of
coniferous trees from branch-trimming machines,
stems, roots, brushes, etc. In agriculture mainly
branches from fruit trees cut, shrubs from pasture lands
clearnings and from recultivation, switches from vine-
yards cutting, etc. are considered. Waste wood chipper
will have also a more extensive use at liquidation of
various kinds of wood waste in building trade and in-
dustry, for instance sheating units, pallets, rafters, etc.
In the long run these equipments will be needed in
biomass utilization from forests with a very short rota-
tion period (so-called energetic forests).

Basic technical specifications:

diameter of chipping drum 600 mm
number of drum turnis (speed) 1,000 min~'
number of knives 20 pieces
admission aperture - width 1,000 mm

- height 350 mm

ge size of chipped ial 20-40 mm

max. diameter of wood 300 mm
capacity 18 mn!
weight 8,000 kg
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PRODUCTION OF ENERGY FROM FOREST BIOMASS

Forest biomass is classified with considerable di-
mensional diversity. For better transport handling and
increasing of energy production efficiency it is neces-
sary to adjust dimensionally a raw material by chipping
(branches, trees) and crushing (manipulation and pro-
cessing of waste, stems).

In conditions of Slovakia there are the following
prospective forms of energy production:

1. direct combustion of moist dimensionally adjusted
raw material

- hot-water heating of buildings

— production of technological steam

— production of electric energy (steam turbine, gas

turbine) + heating of buildings

— hot-air drying in agriculture
2. energetic gasification of dried-out raw material ad-

justed dimensionally

— production of electric power (gas engine + gene-

rator)

— production of electric power + building heating

(waste heat)
3. briquetting of dried out fine-grained waste

— heating of houses, recreational buildings etc.

At the present, the direct combustion of forest bio-
mass is energetically and economically the most effi-
cient method of its energy utilization in woody regions
for heating of buildings by the form of central source
of heat (CSH), or indiv}dually and in the larger concen-
trations of fuel there is also production of energy and
heat.

Energetic gasification with production of electric
power is usable in wood-working plants or out of reach
of public electricity-distributional networks.

Briquets are environmentally friendly substitution of
coal in classical furnaces without necessity of their ad-
justment where the continous supply of wood fuel is
not available.

Realization of intentions of expansion of energy
production from biomass depends on the available te-
chnologies with acceptable prices and technical level
of European standard.

The price policy in fuel and energy applied by the
year 1990 in former socialist countries did not stimu-
late a development of renewable energy sources utili-
zation. Renewal of interest in utilization of renewable
energy sources due to liberalization of prices has elic-
ited the need of technologies development.

In 1991 the Forest Research Institute designed the
scientific and technical project The Utilization of For-
est Biomass for Energy, included in the programme The
Utilization of the Secondary and Renewable Energy
Sources by the former Federal Ministry of Economy in
Prague. In years 1991-1992 the Forest Research Insti-
tute in Zvolen completed the above-mentioned project
within the framework of the whole Czechoslovak Fe-
deral Republic. Since the year 1993 the Forest Re-
search Institute has been coordinating and investigating
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working place for the project The Utilization of Forest
Biomass for Energy on the base of requirement of the
Ministry of Economy of the Slovak Republic.

The mentioned projects have been intended for so-
lution of the following problems:

— design and development of technologies and ma-
chines for harvest, collection, transportation and dimen-
sional homogenization of biomass suitable for energy
utilization;

— development of combustion equipments of moist
biomass adjusted dimensionally within the range of ca-
pacity from 100 to 3,000 kW;

— development of internal combustion engine for
wood gas with generator of electricity of capacity from
23 to 50 kW;

— development of gasification generator for wood
gas production for gas engines of capacity to 88 kW;

— development of briquetting press, capacity 500 kg
per hour.

The results of solution are in the realization and
pre-realization phase, respectively, for the time being.

In 1993 the Forest Research Institute Zvolen pro-
posed the Conception of energy utilization of forest
biomass in Slovakia. The Ministries of Agriculture and
Economy of the Slovak Republic have accepted the
submitted conception and it was consequently included
in the State energy conception of the Slovak Republic
by the year 2005 approved by the Government of the
Slovak Republic in July, 1993.

ENERGETICAL BENEFITS

6,250 TJ energy can be produced using 400,000 t of
forest biomass unused till the present time and by more
effective utilization of fuel wood. 115.2 TJ of energy,
i. e. 1.84% of an amount produced, is consumed for
preparation and energy production.

By managing of energy forests and utilization of
their production it is possible to produce 4,200 TJ in
the year of 2005. For managing, felling and own pro-
duction of energy it is necessary to increase to 3.8% of
the given amount. The average annual energetic profit
is 4,040 TJ.

ECOLOGICAL BENEFITS

600,960 t of brown coal with the heating value
13 MJ.kg'I and energy production efficiency of 80% will
be converted into production of 6,250 TJ of energy from
forest dendromass. By this way the pollution load to the
environment will be reduced by 3.08 mil. t of CO,,
93,300 t of SO,, 7,810 t of NO, 30,400 t of fly ash and
120,000 t of slag and ash. The production of CO, during
the combustion of biomass is the part of natural cycle of
substances and it does not increase its share in the air.

In the case of implementation of energy forests’ pro-
jects 401,000 t of brown coal graded can be substituted
in 2005, what will prevent from production of 2.06 mil. t
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of CO,, 62,300 t of SO,. 5,210 t of NO,, 20,300 t of
fly ash and 80,000 t of slag and ash.

ECONOMICAL BENEFITS

The costs of obtaining raw material in suitable con-
ditions from the point of view of grain size and mois-
ture are one of the decisive economic criteria for prof-
itability valuation of energy production from wood.

According to the grain size the assortment is classi-
fied as follows: fuel wood assortment, piece and fine-
grained waste from processing and wood handling, re-
spectively, chips and chipped material. Dimensional
homogenization of wood by spliting or chipping often
increases the costs of fuel, however a direct combus-
tion enables utilization of simpler and cheaper furnaces
and better control of combustion process and by this
way a higher efficiency of energy production. Energy
gasification and briquetiing require utilization of raw
material homogenized dimensionally.

Production costs of preparation of wood as a fuel
depend on the number and quality of work invested in
performances which have to be executed. The least
costs are with waste originating during processing or
wood handling when the considerable part of cost is
included in the price of the main product. Direct costs
of preparation of fuel consist only of potential dimen-
sional homogenization and necessary transport.

Preparation of fuel from cutting residues from
stands includes all working operations from skidding to
transportation to the place of consumption. Counting
the economic profitability it is necessary to consider
the savings from the removal of the raw material from
felling area. The savings resulting from stand hygiene
improvement are hard to be calculated in advance.

The direct production costs for preparation of forest
dendromass, including transportation, are as follows:

Direct pro- Price
5 per | GJ
Raw material é ogl‘;c((gll"C) (Sk)/US$
Skt (1 US$ = 32 Sk)

Dendromass from clearings 415-600 43.70-63.20/1.4-2.0
Dendromass from thinnings 156-619  16.40-65.20/0.5-2.0
Dendromass regeneration felling 268489  28.20-51.50/0.9-1.6
Udeground dendromass 410-610 43.20-64.20/1.4-2.0
Sawdust from forest depots and

small wood-working plants 100-200  10.50-21.10/0.3-0.7
Cuts-off from forest depots and 150-300  15.80-36.80/0.5-1.2

small wood-working plants

The present price of forest chips in Slovakia is 600
to 750 Sk.t! (18.8-23.4 USS.(") what represents
63.20-78.90 Sk (2.0-2.5 USS$) per 1 GI.

The price of fuel wood is approximately 350 Sk.m™
(10.9 US$.t™") and it represents 38.90 Sk (1.2 US$) per
1 Gl.

The average prices of the basic types of fuels in the
European Community (EC) countries (Denmark, the
Netherlands, Germany), Austria and Slovakia in 1993
and prediction for the year 2000:
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EC and Austria Slovakia
Fuel Year FCO price C price C price
uss.! Uss.GJ-! uss.r! uss.cJ-! uss.t! Uss.GJ-!

Brown coal 1993 46 29 180 1.3 375 23
graded 2000 64 4.0 250 15.6 - -
Bituminous coal 1993 5 3.0 295 11.8 62.5 25
graded 2000 100 4.0 400 16.0 - -
Brown coal 1993 55 29 220 11.6 438 23
briquets 2000 5 39 300 15.8 - -
Natural gas 1993 100 3.0 417 12.5 104.7' 31
(1 000 m%) 2000 125 3.7 535 16.0 67.22 2.0
Heating oils 1993 190 4.6 460 11.2 162.5 4.0

2000 270 6.6 650 15.9 - -
Energy for heating 1993 50 12,9 90 24.8 21.3 59
(1 MVh) 2000 65 16.8 470 324 11.6° 3.2

'Price of gas and electric power for enetrprises in 1993
%Price of gas and electric power for population in 1993

In evaluation of competitiveness of fuel dendromass
it is necessary to consider two basic situations:

— fuel consumed by producer (forestry, forest owners),

— fuel sold to other consumers.

In the first case a producer can add only the neces-
sary overheads to the direct production costs. The price
of the fuel sold to other consumers includes overheads
and profit.

The price of heat produced in boiler house with in-
stalled capacity of 0.5 to 1.6 MW using various kinds
of fuel (there are presented the resulting data elaborated
by the Forest Research Institute in Zvolen from the
study of reconstruction possibilities of coal municipal
boiler houses):

Price for 1 GJ

Fuel

Sk.GJ™! US$.GJ™!
Brown coal 216-268 6.8-8.4
Natural gas 188-222 5.9-6.9
Forest chips 150-181 4.7-5.7

The production costs for 1 kWh of electric power by
power plant of capacity 40 kW with natural gas engine
range from 1.96 to 2.55 Sk.kWh™! according to the
capacity utilization level of equipment.

By the project realization of energy utilization of
forest biomass being prepared in Slovakia the average
annual savings of costs of energy production are pre-
dicted to be 61 mil. Sk by 2000.

CONCLUSION

Approximately 1% of the total consumption of fuels
and energy in Slovakia will be covered by production
of energy from utilizable amount of less-valued den-
dromass. The potential of domestic fuel-energy sources
used for the time being will increase by 6.7%.

By utilization of fuel dendromass the import of
brown coal graded will be reduced by 500,000 t.year’l
or of natural gas by 200 mil. m~.

In Slovakia a direct combustion, energetical gasifi-
cation and adjustment of fine-grained waste by briquet-
ting are the most prospective methods of energetical
utilization of dendromass.

A wider and more efficient utilization of that fuel
will bring the results in ecology as well as in economy.
Dendromass as an ecological less-damaging fuel en-
ables a considerable reduction of local pollution load
of environment. Relatively equable occurrence of that
raw material will enable a supply of fuel from local
sources whereby the savings in coal transportation es-
pecially to remote regions will arise.

Further advantages of biomass energetical utilization:

— more flexibility of reaction on local changes in
amount and structure of energy consumption,

- reduction of negative impacts caused by fluctua-
tion of prices of basic fuels,

— possibility of integration of investments in local
and regional level, respectively, and by reduction of
state budget load,

- creation of new working places,

— improvement of self-sufficiency of the state in the
sphere of fuels.

Measures for utilization extention:

- reduction of state subsidies for heat and energy or
their provision for renevable sources as well,

— preferring of ecologically convenient domestic en-
ergy sources,

- support of regional projects including local renew-
able energy sources,

- credit and tax policy supporting utilization of re-
newable sources,

~ charges and increase of air pollution by fossil fuel
combustion.

Doc. Ing. Jan Ilavsky, CSc., Ing Eduard Majer, CSc., Ing. Milan Oravec, CSc., Forest Research Institute, Zvolen

Contact Address:

Doc. Ing. Jan 1lavsky, CSc., Vyskumny dstav lesnicky, T. G. Masaryka 22, 960 92 Zvolen, Slovenska republika, Fax: 00 855/233 97
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DISCUSSION

BIORESOURCES - PRESENT STATE AND OUTLOOK

The following contribution presents a description of
the Round Table Discussion organized during the
Workshop. It cannot be taken as a unanimous conclu-
sion accepted by the participants. The discussion was
very live and appreciated by the participants. It also
identified many new topics that will emerge as lecture
titles in subsequent seminars and workshops on energy
crops. The summary mostly reflects the way its authors
were perceiving the whole discussion.

Introducing the Round Table Discussion, S. Non -
hebel presented a brief survey on possibilities of us-
ing agricultural crops for energy supply. It was shown
that when crops are used to convert solar energy into
biomass and electricity the efficiency of the process is
very low: only 1.7% on the basis of radiation during
the growing season and only 0.7% on the basis of the
annual radiation (Tab. I). The amount of energy that
can be obtained from a hectare of land is small in com-
parison with the quantities of energy required in a wes-
tern society. As an example, the situation in the Neth-
erlands was given (Tab. II). Under optimal conditions
a hectare of poplar can yield 14 tone of wood, when
this is converted into electricity 20 MWh/ha can be
obtained. For the present electricity consumption level
this implies that per person 0.25 hectare of poplar is
required for electricity production. This means that

. Converting solar energy into electricity: efficiency of the process

11;‘:.'3: annual global radiation in the Nether- 3.3 Gl/m?
Total global radiation during growing season 1.5 GJ/m?
Light use efficiency 1.4 g/MJ
Total above-ground biomass 21 ton/ha
Wood is 65% of the above-ground biomass 14 ton/ha
Heating value of wood 18 Ml/kg
Energy yield of poplar 0.025 GJ/m®
Efficiency on the basis of annual radiation 0.7%
Efficiency on basis of radiation in growing 1.7%
season

II. The acreage needed to fulfill energy requirements in the Nether-
lands

Potential annual yield of poplar 14 ton/ha
Converted into electricity 20 MWh/ha
Electricity consumption in the Netherlands S MWh/person
Hectares required per person 0.25 ha
Inhabitants 15 million
Required for electricity (0.25 ha/person) 3.5 million ha
Present area under agricultural use 2 million ha
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3.5 million ha of poplar plantation is required to fulfill
the electricity demands of this country. In the Nether-
lands the area used for agriculture is only 2 million ha.
So even when all the agricultural land is used for grow-
ing energy crops it is not enough to meet the electricity
needs in this country. (The energy requirements in the
form of oil etc. are not even taken into account.) The
possibilities of ,,growing energy* in densely populated
areas are therefore very limited.

The subsequent discussion moderated by L. Nédtr
was based on lectures already presented in previous
sessions by S. Nonhebel, L. Natr, K. Gartland and R.
Carlsson (their contributions have been included into
this issue and may be consulted by the readers). The
discussion itself subsequently treated the six topics as
follows:

1. Differences between food and energy crops

In energy crops, the yield formation seems to be
simple as compared with classical food crops where
mostly only morphological or chemical parts represent
the very economic yield. From this point of view, the
whole shoot biomass could be used in energy crops.
Hence, with the exception of shoot/root ratio, processes
determining dry matter allocation and transport are of
minor importance in energy crops.

2. The role of input energy for energy crops

There is an absence of data on the effects of fertili-
zers, pesticides and other agrochemicals on the amount
of biomass in energy crops. It seems that practical tech-
nologies successfully applied procedures enabling rea-
sonable production of poplar and especially willow
biomass. The consequences of long-term cultivation of
energy crop monoculture are hardly assessed. There has
been neither long enough period for the analyses, nor
will or interest to get the data,

3. What is limiting: solar energy use efficiency or effi-
ciency of industrial use of the biomass?

If it turns out that the use of food crop technologies
is suitable for energy crops (and it seems to be the
case), then more knowledge is needed especially in de-
veloping technologies for the industrial use of the bio-
mass. This conclusion seems to be important especially
when the tendency prevails of using all harvested plant
parts for various purposes, i.e. seed oils as energy, fi-
bers for the textile, remaining parts for nutrition etc.

4. Are new species and genera needed for energy crops?

This question seems to be difficult to answer and no
convincing evidence was presented in favour or deny.
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The advantage of classical crops consists of already
available cultivars, technologies, and breeding. The ad-
vantage of unknown species consists of unexpected fa-
vorable properties.

5. Special breeding and management for energy crops

The experience with food crops indicates, that spe-
cial breeding targets and managements for energy crops
will be needed. However, at present, this point does not
represent the highest priority. Nevertheless, construc-
tion of ideotypes of most frequently used species could
be very important from both the theoretical (yield for-
mation) and practical (selection and the appropriate
management) purposes.

6. Optimization of chemical composition of energy crops
The chemical composition of an energy crop should
enable an extremely low content of minerals. Carbohy-

drate, protein or lipid accumulation reaching a maxi-
mum given by the plant metabolism could be aimed at.
It indicates, that energy crops might be very effective
low input cultivars. It also implies the main feature of
an ideotype: relatively small size of the very actively
(high nitrogen content) assimilating (photosynthesiz-
ing) organs supplying organic matter into the stem
(trees) or other plant parts with a minimum amount of
mineral nutrients.

During the discussion and at many other occasions,
it was stated that cultivation of energy crops benefits
from what is known on classical crops. There is a con-
siderable lack of data on specificity of the main energy
crop species, i.e. Miscantus, poplar and willow. If en-
ergy crop is seriously expected to play an important
role in the future agriculture, more research will be
urgently needed.

Prof. RNDr. Lubomir Ndtr, DrSc., Department of Plant Physiology, Charles University, Prague
Dr. Sanderine Nonhebel, Department of Theoretical Production Ecology, Agricultural University, Wageningen
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