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I ~ T R 0 D U C T I D N 

Food, Energy and Faz.1 "cterials ai•e arwnr the most cruical 

~roblems of all countries. Indigenous 3urrly of food, energy 

:1r.d rai.J material11, in t;1is oi•der, has fi1•st priority cfJpeciall;1 

.--or developing countries ".ls a neces::ary ha::i s fer a sound 
e c:Jnony. 

Food suppl~1, alequate 1n iietnr: 1 rnc?'(:Y a.nd nutrition 

t~onass produced from inorranic ~aterials ~ith the aid of sol~r 
encrGy throuph photosynthesis. The production requires ara~le 
lend, estimated at a quarter of the global land area. It ~s 
estimated t~at the global rcac~rces are such as to allow for 

a~ order o! magnitude larger production on a sustained basio, 

a:l.equ,1tc 

Energy, then, Ls also indispensable as it also assures 

~~otectio~ arainst t~e environment a1rl runs the wheels of the 

,·1;t;:'re econor.y .. ':at On~71 i.~ ti:e level of' dcVc?lO'['!l7:ent rroport £o:zal 

~o e~erfy consu~ed but no (levelopnent and even no existence 

~oasible 0ithout adeauate cnerp~ ~uppl~. /lt the p:renent 
c•;r:.i•ry is n:oatlz1 a ;zon-rcne~,·able eor:nodit:1, supplied :or the 

".C,"t part by for.sil ,tu2!s. H0i,1ever, tho;:;p, :os,:;ils 1zave lieen 

rroduction o: bio~ars on a alobal ncnle is in energy content 

!en times greater t~an the rrcscnt total energy consumption. 

'i'he bulk vozw,:e o.r rm.•-rir.tr.ria.Z DU'['Pl?t ie at the prc;;m:l 

r.C'r.-:ren'=-z.'able, altl.011r,;1 ;io,"'e ir..iu;;trien, llk.e r.1ood-, pulp­

~nd pare:r-ir.dustries dcp~nd entirely on hiomar.n for raw 

n~tcriaZs. ~ot a lonr ti~e apo, hefore the advent of cheap 



... 

basis of biom~ss. 

Thus, there ;'s a .~ound .foundation For the Gtatement that 

ind:'.gcnous, renewable bior:ass product1'.on could in many acpecta 

be ?Ocsible solution to critical rroblems of food, energy and 

raw-~aterial supply, for many countries in t~e world, in the 

Zonr run . .4f'ter all solrn' encr<I!' 7'.,q l'!' /a1• the ("!I'eatcst prirr:ar:,1 

en.:rc:;1 source 011 2ar>th. Fur>t;';ci•r-:cre, r1~otc!,1"oeorwersion -z.t: an 

iieaZ 1.'ay of izarnessincr .c;oL-:r cne~'f'YY re.1ultine in chemical ener;:Y 

necicl for energy fooJ and rn~-~aterial. 

The resources exict ~hile the arrropriate technology is 

in dc:vPlopment. In fact Fioteclznolog~1, 1,.hich could be defined. 

as application of 3cientific and Angineering principles to the 

pro~cssing of mater~als by biological agents to provide goods 

ani services, is arr,one,-tJze fa;;test de1,1eloping technologies at tizc 

prenent. Among the modern technolJgies in ~hich svectacular ~reak­

tiiro:,cih."1 are expected BiotechnoZog?I i:t conrn'.,lered as the t ~ahno­

log~ of the future. Develop~ents in hiotechnoloay open aome new 

poDaibilitiea eflspec{allu :~or devclo~:'.'1(- cozmtrien as a tcchnoZo;'.'I 

in ••':iah. 1zu~an resources rmd ingen1'.t71 iwve a principal 'role. 

Research and develcpnent in ~iotec~n~log:• ioca not require ex­

cessive funding and tize ar!;.,i.,,~at1'.onc do not 1'.nvolve extrenly lrirue 

invertnents necessary in Rone other nc~ technologies. 

biot1'chnology pla;d1zr an 1:"':PC!'tant rote 1'.n 1'.nd;'.cenou:; .r;uppl71 of 

_,,.ocd, enerry and rrw-n('1teri lr..~ on a .1!1.1ta£r:o!>le ()a;;i.c; look:> Per:' 

r:ro· .. ~·ssing. In c'r.anring the o!·Jeetinr-: to tlzc r>renent situat1'.on 

Zoo~r different. 

On a glo~al scale !or the laat JO years production of 

.rood .!oubled for an iricrecne of 76~: in !10!1UZation 1Jhile the 

rro(:·~1ctf on o,f food in J;y 10 to ;;o:: ~n·cater than needs the'f'e arc 

abo~t 450 ~illion undernourished in the ~orl.l due to poor distri­

but1'.on and overconr;urr;;ition in inriuntrial cormtr?'.ea. All availahle 

Zar.d fs therefore needed .for .~ood rro'--1uctlon. Tligh produati'vity 

{'YI ~· ¥! d U. lJ t 1' 1'. Q l C 0 Un t '!' 1° C ,g 7'. r, '!i e ;' 11 (i T' CT id t 11 P. ;r ten S 1° 1' e (' n Cr(! if i n r U f,.g 
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aZr2:::dy imposing ar: over:-:.t1·c~en to nation:il e~onomies. The FA:J 

eeti~ated that hy the end of t~e century food production in 

de~eloping countries ~ou 7 ~ have to double i1ith a no~est ~ncrea3e 
of t~ze arable land area. 'in•z: .• ~ t;;en requ{res an increase of oil 

CO"!:~urr:ption by a .
4

rzctor> of· ."'our :.,iz{ c'Jz ;,1ould douhle food prieen 
in t~ese countries. 

.4s ' . :..J : ... ) Yr a .. ~ s concerned c.u far 
the r::ost pa!'t of r>ene:,·afle l•icrr;a~;s cO.""!eiJ fror>r forests. Fore:rts 

have an importan~ ecoZoric~l equilibriur a~d ~oil conser>~ation 
roZe. In de:1elop;"rz:r countr?.'.c~ 'zqcrn:z:, reZ::11'.n0 or. ."4 ucl>.1ood tor 

enerpy a serio~s deforestation is already taking place en­

dangering ecolorical equili~riun. In industrial cou~tries all 

available forests are needed . .ro1• the ~uripl:1 o_r rar.1-material 
."'or- 1.•ood and paper ~:nczu:trz1. 

It is obvious t':en that ct the r•renent ther-e is a nur:ber> 

of imp~rtant proble~s in hio~ass production and utilization 

to he dealt with. T~e rroble~s concerr. roar !'enource management, 

1"nef./"iaier.cy of production and rroccr:IJ1'.•z:7, ut1:Ziu:tion of 

Var1'.ous residues ar.d :.·:iste. T;ienc ~J·ohle17;: r_~o1tld he grouped 

- Ir.:proved !'e:702£rcc r:on:rgcrn:'nt: [,ettcr land uRe thT'oz~alz 
lar.1 ree!larr.ation and environ'Tientol contr•ol, !'cttcT' cultivation 

and hreeding. 

Pru J'.7." T'lanacrer:cnt C'!".d "u!•r.t:"t:it{on o.r Jr_ric!:"rn+; Iz;1CZroccrbonn 
r,-, r·er:ct.'a!ile .c:oz1r>ce,"I n_r ('>ler(::1. 

- Increane of biomass resourceR 
.r [urt~er procensing 

hp ~aking full uae of r>esidue3 and ~aRte and h~ cultivatinr 
alternative aulturer.. 

- Dl:?CT'ease o.r 1.'ru:te l•:1 :.1iJcr arpl1'.caf;ion of pont-harve,c;t 

tecl:r:ologies and ry cor:plex nrocess1'.nr o.f hiom,7n.q, and es::rpeciall1
1 

1.'antc, into food, <H1er-r;1 and raw l'iaterialtL 

l 
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o! new biotechnolcgy nethods. In fact a nu~ber of the mentioned 

problems could be dealt witi-r. through application of some forms 

of biotechnology providinf for a necer.sary experience for the 

:urther develovment. In addition,however, research and develop­

"'!t'~nt hasis has to be p1•epa1•ed. H01,iever, for this it 1'.s necennar•y 

to have a clear definition of the reaearch and development 

2!~ategy in order to concentrate avai7ahle resources. 

and the present situation in t~e bio~aas production and proceo­

sing in a given country. A critical analysis of the resource 

~anagement and ener~y economy should !ollow on the basis of 

i·~ich possible i~prove~ents s~ould be proposed. A revie~ of 

the state of the er~ in the application of new technologies in 

rroJuction and processing s~ould be Given also providina for a 

nc~essary technical and econonic data for the subsequent ana­

l;rnis of pos.e;ibZe development dirPctions. F1'.naZly a Progra,n of 

!ction should be de:ined. 

The present outline for the atudy ia made on the banin 

o: a project bei"lg realized by t~e Serbian Academy of Saiencea 

~nd !rts in Yugonlavia. Therefore, it a~ould be directly arpli­

cable to European and ~editerrane~n countrien. However, the 

ecneral approach is valid for all countr1'.c.-r. Of course, r.l.::;Jerzd/11:; 

o>: trze develop"7r.nt Zevr~l o.t> a rn'.uen co:-intry, tize outline could 

:c ~odi!ied in drtaild 

f,'C>e"ldence 1.~itt; t~1c r;iv,:n .~i:uation and avcila~ le r.:ean:>. 

l 
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1. EVALUATION OF HESOUF\CES 

Biomass production in a region depends on many factors 

such as: climatic conditions, available Zand and its quality, 

plants being cultivated and animals being grown, met~ods of 

cultivation, nutrient and enerry supDl~1, etc. However, under 

the optimum cultivation methods and ~utrient supply there is 

for the given region an Zipper Zimit c.~ biomass production 

depending on a.vaiZa'tZe land, u.'ater and p1'eVailing ,clirrratic 

conditions. This upper Zimit, or potential biomass productivity 

should be evaluated in order to be able to assess present 

biomass production from the point of view of possible improve­

ments in the future. 

At the present stage of agricultural and forestry 

production energy input appears also as a limiting factor due 

to the dependency of energy supply on defficient hydrocarbons, 

~ostly oil. It is therefore advantageous to substitute for 

defficient energy sources by indigenous renewable sources 

whenever this is economically feasible. From this point of 

view an evaluation of potential resources in renewable energies 

- solar, wind, geothermal and hydro - is necessary. 

A country or a repion in question is mere often than not 

inhomogenous with respect to soil condition and prevailing 

climate. It is therefore necesRar~ to divide available land 

area into subr>egions iJith sir-1ilar climatic and soil conditio1w. 

Activities involved are concerned LJith the evaluation of 

potential bioproductivity and potential in renewab7-e eneray 

sources in each of the subreaiona. 

-1 
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1.1.1 Solar Radiation 

Intensity and quality of solnr radiation received are 

among the most important parameters for the evaluation of 

bicproductivity. Only a part of the solar spectrum between 

the wave lenghts JBO to 710 "" is photosynthetically active 

and the relative importr~~P of this part in the total amount 

o: solar enerpy received cenends on the ratio.of direct to 

diffuse radiation, i.e. on at~ospheric turbidity, cloud cover 

etc. On the other hand solar radiation couZd be used for the 

energy supply in different processes of biomass utilization. 

It is therefore important to gather all available data 

on solar radiation and its regional. ~nd seasonal distribution 

and to review these data from the point of view of completnese. 

As available data are usually incomplete, especially in develop­

ing countries it is necessary to apply different methods for 

the estimation of missing data as well as to propose a program 

of improved data collection, storage and e1,aluation. 

Activities involved: 

- - Data collection. Rerional and seanonal distribution 

based on statistical evaluation of following parametevs~ 

- Total amount of solar radiation received; 

- Diffuse radiation; 

- Reflected radiation; 

- Radiation halancc; 

- Spectral diatrihut1'.on of r:oL:.r raJiat•'.on or photo:::;mthe-

t;cally active radiation; 

- Duration of aunlight; 

- Cloud cover and atmonpheric turbidity. 

- Applicaticn of aprroximnte methods for the estimation 

of ~issing and inco~plcte data; 

- - Evaluation and mapring of repional distribution of 

principal data such as total and photo ynthetically active 

radiation; 



- - F-Popral7!rne :~or tne ~:r:Di•o;;cment in data co"!. lection, stornrrc 
ar..;:! c:ialuation. 

1.1.2 Climatic Conditions 

Under sufficient nutritional conditions bioproductivity 

depends, in addition to solar radiation, on other climatic con­

ditions, the principal among them being ~ater balance and 

temperature as well as their seasonal variation, i.e. duration 

of plant growing period. Gathering necessary climatic data and 

their statistical evaluation on t~e rerional basis is therefore 

needed for the evaluation of potential bioproductivity. As a 

result available land ahould be divided in a number of climatic 
subregions. 

Activities involved: 

- Data ~ollection. Regional and seasonal distribution of 

statistically meaningful data of following parameters: 

- Air temperature, 

- Air humidity, 

- Precipitation, 

- Potential evapotranspiration and water balance, 
- Soil temperature, 

- W1.
0

i1d, 

- Other parameters of importance for the determination of 

the plant gro~ing period. 

-- Regional climatic analysis. Regional determinat~on of 

climatic types based on different climatic indexes such as 

rlobal humidity and aontinentality indexes, degree-day, and 

durations of plant growing period~, including elaboration of 
suitable mappings. 

-- Air pollution could act as an inhibiting factor so that 

evaluation of avaiZabl6 data on a regional basis should be 
z..1orked out. 

-- Programme for the improvement in the collection of 

principal data, its storage and evaluation 

···1 l 



1.1.3 Soil ~ond~tions 

The adequacy of nutritional conditians for plant growth 

depends on the so~l type and condition. The configuration of 

available land is related to the suitability of cultivation of 

different plants. Of importance for the land use are also present 

and future land accupancy for other uses such as habitats, 

communications, mining and industry, rivers and lakes, etc. A 

pert of the land might be or could be unsuitable due to chemical 

and ~~char.ical degradation. It is therefore necessary to clas­

sify available land regionally from the standpoint of biopr•oduc: ti­

vi ty and adequacy for cult~vation. An adequcte s~stem of land 

cateJorization should result from these evaluations. 

Activities invloved: 

- - Regional classificatinn of land area from the standpoint of: 

- Occupancy i.e. non-productive land, 

- Pedology, ~.e. geologic and genetic structure, 

- Configuration from the point of view of height, slope 

and orientation, 

- Chemical and mechanical degradation (air pollution, ferti­

lizers and pesticides, mining etc.), 

- Average area of a land-piece with the identification of 

large land complexes. 

- - Regional categorization of the available land from the 

standpoint of cultivation of principal plant cultures such as: 

- Forestry, 

- Pasture!'l, 

- Agricultural arable land. 

1. 1. 4 l!y dro Z c m1 

Hydrology of surface and ground ~aters could influence plant 

pY'oduativity and land availabiUty hath .favoul"ably and infavour­

ably. In flat-Zand1pel"manently ovel"moistul"ed land due to high 

ground water, seasonally overmoistured land due to poor permea­

bility of the ground and land e~posed to l"iver flooding are 



r~stricting land use. In ~~rh-sZqpe. Zani ~onfirurations flood 

c1·osion directly t~reatena soil e~nservation. On the other 

hand surface water availability is favourable from the poi~t of 

view of irrigation andcorrespondinp upgrading of land pro­

ductivity. In any case water conservat~on is important for 

many countries and water qualit~ coulu be endangered by ex­

tensive utilization of fertilizers and pesticides. 

Activities involved: 

Hydrology of surface waters from the standpoint of: 

Seasonal water availability and uses; 

- Water quality; 

- Tendency for flooding. 

Regional classification of available land from the 

point of view of: 

- Permanent overmoisture, 

- Seasonal overmoisture, 

- Flooding, 

Soil conservation due to erosion, 

- Potential for irrigation, 

- Ezposure of ground ~ater to chemical pollution. 

1.1.5 Potential Bioproductivity 

For a given. culture, or family of cultures, potential 

plant productivity depends on the solar radiation, climatic 

and soil conditions. Potential bioproductivity could be limited 

by land confipuration as well as chemical, mechanical or hydro­

logical degradation. It could be improved by the availability 

of water irriaation. Actual productivity depends on the degree 

of cultivation, di~ectly related to energy, labour and capital 

input. Comparison of actual and potential productivity is a 

measure of land use efficiency. 

Activities involved: 

- Regionaliza~i ·· nf the territory in areas having 

siMilar solar radiation and climatic conditions. 

' 
~l/ l 



- ~and categorization ~it~ ~as~Pct to soil 

z~~~ aonfiguracion, ahcricaZ, ~cc~anical and hydrological 
degradation. 

- Revie~ of different existing methods for the evalua­

tion of potential bioproductivity aiming at choosing a parti­

cular method nost suitable for the predominant climatic condi­
tions. 

Evaluation of potential bioproL.-'cti11ity in each region 

and land f!ategory .for fo'I'ests, pastures and agriculture. 



1.2.1 Solar Energy 

Direct use of solar radiation could be made for the 

supply of heat and even electricity in a number of agricul­

tural and biomass processing activities. So far direct thermal 

utilization of solar energy is mostly made in greenhouses, 

including soil warming, drying of hay, fruits and grains and 

ani~al husbandry, including ~ater heating. Solar photovoltaic 

electricity is potentially interesting for irrigation pumping, 

depending on the costs of ~hotovoltcic modules. 

Activities involved: 

- Assessments of energy needs at present and in the 

future in the most promising areas of solar energy utilization 

in agriculture, such as: r,reenhouses, crop drying and animal 

husbandry as well as electricity needed for irrigation, especial­

ly in areas where electricity grid extension is necessary. 

- Regi-0nal characteristics of solar ~adiation parameters 

necessary for the evaluation of solar energy utilization. 

- Techno-economic evaluation of typical solar installation~ 

.~or most promisincr ar>eas of ut1'.lization. 

- Assessment of possible energy supply from solar energy 

~hich is economically justified. 

- Programme of renearch and development activities aimina 

at wider solar enerrry utilization fn bionriss pr()-duation and 

processing. 

1.2.2 Wind Enerpy 

Wind energy is already economically viable for the 

irrigation pumping and other electricity needs in aertain 

areas. 

Aativities involved: 

- Assegsment of the vind energy potential, inaludinr col­

lection of neaessary data and regional mapping of wind energy 

or mean 1"1'.nd veloaity. 

" 



'Iec;nzical ::n:.:z econo!"':ic et.~aluation of typical wind powel' 

- Assessment of economically justified potential utiliza­

tion of wind energy in different areas. 
- Pr~~ramme of exploratory and development activities. 

1. 2. 3 Hyd-.•oenergy 

Mini- and micro- hydropower plants could be very well 

adanted for the supply of electricity for,rural areas if avail­

able hydro-potential exists, and especially in combination 

with irrigation schemes. 

Activities involved: 

- AssessMent of the hydropotential of mini- and micro 

hydro power plants on existing rivers. 
- Techno-economical evaluation of s~~ll hydropower plants. 

- Assessment of economically justified potential for 

h~dropower utilization in rural areas. 
- ProgramMe of exploratory and development activities. 

1.2.4 G~othermal Energy 

Low :Jrade geothermal heat (belo1;1 60 to ao 0 c J is already 

being effectively utilized for arricultural purposes in a num­

ber of countries. Especially suitable for utilization are 

p~eenhouses, soil warming and drying of some crops. Economy of 

geothermal energy use depends on a number of source parameters, 

such as: temperature, depth, permeability, flow rate, etc. 

~·ost of these are dif'ficult to estirrnte 1Jithout extensive 

exploration efforts. Some kind of e~timates are however neceanary 

to ;fustify these costly exploratiorrn. 

Activities involved: 

- Prelimivary assessment and rerional mapping of aeo­

thermal resouraes ~nd their principal characteristics based on 

oeotogicot prospectina, natural geothermal souraes and existing 

explorations. 

- Teahno-economical evaluation of different utilization 

schemes of geothermal wa~ers in auricuZture and animai husbandry 

depe'l'lding on t.'atttr qua ti ty. 



- Preli~inary assessment of eaonomically justified potential 

uses o_: geothermal, enerry on. the 

- Programme of exploratory and development activities aiming 

at improved basis for the evaluation of potential geothermal energy 

uses. 
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2. E'USTING BIOf.'ASS PRODUCTION 

The present biomass production in a given country is the 

result of the historical development, cultural and social con­

ditions and the degrP.e of development of the country. The asses­

sment of the existing biomass production is necessary in order 

to compare it ~ith the potential bioproductivity evaluated in the 

preceeding chapter. The subsequent analysis should be aiming at 

explaining the difference by the derree of introduction of modern 

agricultural, forestry and animal husbandry methods. It should 

also point out to the adequacy of the existing land use and the 

efficiency of the energy uses. Therefore, the analysis should 

be done on the regional basis corresponding to climateic regions 

and land categories established earlier. 

In all areas of biomass pr0duction a large amount of 

residues is left over unused or more or less inadequately uoed. 

Roughly the amount of residues is equal to the amount of biomass 

used for food or industrial raw material. Therefore, the import­

ance of the assessment of different residuns and the adequaey 

of their use at the present. It is believed that improvementa 

in use of residues and wastes could result in appreciable in­

crease in useful biomass providing also an additional energy 

source often capable of substituting JJr deficient fossil fuels. 

A rough estimate of the present uses of produced biomass 

}"

0

01' food, industrial ra1J material and as an energy source, aa 

weZZ as how much this vroduction satisfie3 existing needs io 

necessary in order to assess the importance of the improvements 

in biomass produetion for the national eeonomy. 
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Analysis of the present crop p~cduction is necessary for 

the assessment of potential improvements through: 

adequate Zand use; 

- increased productivity; 

- energy economy; and 

- potential use of residues and ~astes. 

It is therefore important to collect and analyse available 

information on a rr.gionaZ basis on: crop cultures r~ised on dif­

ferent Zand categories; their corresponding yields in function 

of climatic conditions and the application of fertilizers, 

pes~icides, irrigation, greenhouses, etc; direct and indirect 

energy inputs; and the priduction and present utilization 

of ~astes. On the basis of the information collected an 

adequate data bank should be established in the frame of 

complex information s:n~tem. 

2. 1. 1 Land Use 

Activities involved: 

- For different Zand categories and climatic regions 

defined earlier (Ch. 1.1.5) collect information on Zand 

area cultivated by principal crop groups: 

- cereals; 

- vegetables; 

- fruits; 

- industrial plants; 

- animal-feed crops; 

as ~ell as by principal crop cultures cultivated inside 

groups. Also information on average Zand-piece areas are 

neceasary. Special attention should be given to Zand areas 

on vhich catch crops and mixed crops are grown. 

- In addition collect information on Zand area: 

- irrigated; 

- under green-houses. 

11~ 



2.1.: Plant Frciuc~ivitµ 

Activities involved: 

For given land categories and climatic regions, and 

principal plant cultures collect information on: 

- Average, maximum and minimum crop yields per unit land 

area, depending on climatic conditions, and with particular 

attention to mixed cropping and catch crop growing; 

- Commentary on the influence of selection and breeding 

on average yields of dijferent crops: 

- Use of different fertilizers and ne~ticides per unit 

- Average quantity of residues and wastes per unit area 

as well as their quality
1 

energy content and possible uses; 

- Different agricultural machinery and their average use 

per year and per unit area; 

]~-/ l 

- Crop yields in greenhouses and correnponding energy supply; 

- Application of crop drying and corresponding energy supply. 

2.1.3 Energy Analysis 

Activities involved: 

- Development of the adequate methodology of energy analysin 

for different crop groups as well as for the application of 

irrigation, green-houses and crop drying. The analysis should 

include not only direct enerry consumption in fuels for machine 

drit'e, heating, and elect1•iaity, but also indireat energy con­

sumption in fertilizers and chemicals as well as in machinery 

and buildings. Two levels of anal~sis are involved - a detailed 

analysis of a number of different typical large farms as well 

as a simplified analysis for principal crop cultures. 

- Choice of a number of typical large farms on which metho­

dology is being tested and preliminary data obtained. 

- Preliminary energy analysis of principal crop culturen 

involved. 

- Preliminary energy analysis of irriaation systems, green 

ho·i~es and crop dryin(T. 



Analysis of the present situation in livestock breeding 

and fisheries is interesting from the point of view of Zand 

use, assurance of animal feed, biomass productivity, energy 

economy and possible uses os animal wastes. For this it is 

ne~essary to collect, sort and analyse information on animal 

feeding, animal husbandry, fisheries, product yields and 

available wastes. Data collected should form a part of a 

data bank to be used in complex information systems. 

2.2.1 Land Use 

Activities involved: 

- Determination of Zand areas for pastures in different 

Zand categories and different regions defined earlier with the 

assessment of yields and quality of bfomass produced. 

- Determin~tion of Zand areas under natural waters and 

arti:icia! fisheries with corresponding catch of differe.,[fJ/NifJ. 

other biomass
1 

and equipment use. 

2.2.2 Animal Husbandry and ~inherien 

Activities involved: 

- Regional distribution of number and structure of 

principal livestock (cattle, pigs, sheep, pouitry1 horses, etc) 

with the corresponding annual production of food and wastes, 

wasU uses, consumption of different animal feed and definition 

of the type of shelter. 

- Commentary on the influence of selection and breedino 

on production. 

- Regional characterization of livestock farms with 

respect to the number of animals with the inventory of Zarae 

animal farm complexes. 

- Reaional characterization of artificial fisheries. 
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~-~~J Energy AnaZ~s£s 

Activities involved: 

- Development of appropriate methodology of energy analysis 

as applied to different livestock breeding in small and large 

farms~ including direct and indirect energy consumption and 

potential use of ~astes. 

- Application of the methodology on the level of typical 

large farms as i.,ezl as on the principal livestock breeding. 

- Energy analysis of large fisheries. 
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FJf~ESTRY 

By far the Zargest amount of biomass is in forests. Bio-

mass produetivity in fo..,.P.sts differ very mueh over the world, 

even for the same type Oj ;orest, and not only beeause of the 

different elimatie eonditions but often because of the inadequate 

forest maintenance, as well. Forest biomass is already important 

industrial raw material. However, a large part is being used as 

energy source, very often inefficiently. Careless deforestation 

is also taking place in some countries, with adverse effects to 

eeology and soil conservation. Finally, large amount of biomass 

is left u11used in form of for>est and r.:ood residues. 

Analysis oj the pr>esent for>est biomass inventory and pro­

ductivity is important for the assessment of adequate land use, 

improved produ~tivity, energy economy and potential use of 

residues. 

2.3.1 Land Use 

For the given Zand categor>ies and climatic r>egions defined 

earlier activities involved include: 

- Inventory of for>est biomass by major types of for>ests and 

?r>incipal forest cultur>es including not only lar>ge forests but 

also small private woodlands. The inventory should provide land 

areas under different forest cover> as 1Jel l as the estimate of 

the standing biomass. 
- Inventory cf the land unde~ forest eover from the point 

of view of land o~nership, aver>age areas of the woodlands and 

final use of produced wood. 
- Commentar~ on the state of maintenance of the different 

t~res of forests. 
- Inventory of the unused land, land under bushec c~d 

~hrubs· as well as land which is being used inadequately Gnd 

would be better used under the forest cover. 

2.3.2 Productivity of Forests 

For given land categories and climatic regions activitiea 

involved inelude collection of available information on: 



- Average ann1rnl bior.:ass t•eing cut fo1' different types of 

rorr::'tS in runctior: o.e- ti:c a:iequ11ct11 of ;.e-orest Maintenance. Care . . .. ... 
s~ould be taken to define the quality of wood cut from the point 

o! view of wood parts (stem and other), moisture and energy content. 

- Amounts of forest biomass being used for different purposes 

(lumber, pulp and paper, fuelw~od etc.). Care should be taken to 

include fuelwood cut in small private woodlands, as well. 

- Average amount of forest rPsidues (tops, branahes, stumps, 

roots) r~r different ty~es of forest with the commentary on the 

use of these residues for different pu1'poses (including thinninrsJ. 

- Use of different machinery for forest exploitation and 

transr~rt. 

2.3.3 Energy Analysis 

Activities involved should provide for a complete mass and 

energy balance of forest biomass from forest to different final uses 

as well as for a rough energy analysis of forest exploitation 

includi'ng direct and indirect energy supply. 

- Evaluation of energy content of different forest biomass 

products for different types of forects (stems, residues, etc). 

- Regional and overall balance of forest biomass uses in 

r.ass and energy units. 
- Energy analysiJ of forest exploitation. 
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Pa~ biomass produced normally undergoes complex processing 

in food industry before being used as food. In some countries, 

however, at least a part of the production is being used directly 

~ithout further processing. Some industries, such as wood-industry 

and pulp and paper industry, depend entirely on biomass while in 

others biomass represents an appreciable part of raw material 

supply. On the other hand biomass production and processing 

depend on the supply of energy, chemical3 and machinery. The 

~hole complex of biomass processing for final use is mostly 

outside the scope of the ;~esent analysis. However,at least a 

roug~ assessment and simplified analysis of principal routes 

of biomass processing is essential for a number of reasons. 

First af all it is necessary to evaluate nutrition quality 

and dietary energy supply of the population as well as to which 

extent needs in food supply could be met by existing indigenous 

biomass production. This goes also for the principal industrial 

products depending in ra~ materials from the biomass production. 

On the orher hand it is important to know to which extent indi­

genous biomass production depends on the import of fertilizers, 

fuels and mechinery ?.1ith the C0'1''1'espondinr influence on the 

national economy. Finally, at least simplified ove'I'all energy 

and matter balances of biomass production and p~ocessing are 

important from the point of view of t~- assessment of biomass 

being left unused, as residues and waaten, aa well as of the 

effi~iency of ene'I'rY uses. 

2.4.1 Food 

Activities involved: 

- Food ~onsumption 
SpeciaZ attention should be piven to the consumption of 

different food commodities per capita and corresponding dietary 

energy supply and nutrition quality.Of special interest is 

also proportion of unprocec11ed food nupply as well as import 

and export of different food commodities. 

- Food proaessing 
Attention should be piven to biomass and energy input, 

end nroduat output and amoudt of residues and wastes in prinai-



pcZ f':Jod in.d:.tstries. Of -z'.ntci•eat aY'e aL;a quality and pos:;ible 

lys·[s in princ.'ipa1 i:idustries. 

- AnimaZ feed: ~uppZy and processing 

Attention shouZd be given to direct use of raw biomass for 

animal feed as well as biomass and energy inputs, end product out­

put and amount of residues and wastes in biomass processing. Of 

interest are also import and export of animal feed. 

2.4.2 Industrial Commodities 

Acitivities involved should be concerned ~ith the evaluation 

o~ tiomass and energy inputs, end product outputs and amounts 

of corresponding residues and ~astes in principal industries 

depending on biomass as raw material. Of special interest are 

?..'ood, pulp and pape1', textile, fa1'macentical and some chemical 

industries. Quality ar.d the present uses of residues and wastes 

and simplified energy analysis are also of interest. 

2.4.3 Energy 

Attention s~ould be given to: 

- Di1'ect use of bio~~~s and residues for energy supply 

Activities should be aimed at the evaluation of fuelwood, 

forest and agricultural wastes for the energy supply including 

the ways and efficiencies of the utilization. 

- Supply of fertilizers and chemicals 

Activities should provide for the evaluation of consumption 

of a~:fferent fertilizers, pesticides and her>bicides, ways of 

supply as weZl as energy costs of these commodities 



Increased biomass production fol' the given land aY'ea couid 

be achieved either through better iand use OY' by improved biomass 

productivity. The task invoives efficient management of available 

resources, appiication of new tec~niques and usually increased 

direct and indirect energy input. It is therefore necessary to 
·a energy h . h ·b1 f . d b. cons~ erveconomy toget er LJ~t poss~ ~e means o ~ncrease ~o-

mass production. 

The aim of this part of the study is to: 

i) Review possibie means of increased bionaas production, 

Gfpr'cpriate for' the (1iVen 7,and, CU?"T'1mtit1 t•c1'.n:1 appiied Or' 

develo;ed in the worid, in view of expected yieids and corresponding 

energy costs, as weii as of necessary deveiopment efforts involved.. 

ii) Review corresponding research and deveiopment efforts 

cuY'rently active in the country as weii as indigenous potentiai 

for starting new deveiopment activities. 

iii) Propose a priority propramme of medium and iong term 

research and development activities leadinr to increased biomass 

production, substantiated by expected gains and corresponding cootn. 



3.1 !~PROVED LA~D USE 

'''j--i .. I . I 

Previous analysis provided for an appraisal of the present 

land use and corresponding biomass yields. Some of the land is left 

unused due to overmoisture, flooding, errosion or degradation. 

This land could be made useful through appropriate Zand recla­

mation. Some land is inadequately used due to Zack of water 

or adverse environmental effects and its productivity could be 

increased thro~gh irrigation or adequate en1 ironmental control. 

Yet another part of Zand is inadequately used due to inefficient 

cultivation methods or inappropriate cultures being grown. It 

is necessary to identity all inadequate lr1 zrned land, propose ap­

propriate maans of increased biomass production and evaluate 

corresponding investments and energy costs. 

3.1.1 Land Reclamation 

Activities in question involve identification of Zand 

that could be made arable by adequate means evaluate expected 

biomass production and correspon~ing costs. In particular it 

is necessary to consider: 

- Drainage of permanetly and/or seasonally overmoistured 
Zand; 

- Flood control; 

- Prevention of soil errosion. 

3.1.2 Environmental Control 

Inadequate water supply could be controlled bp appropriate 

water conservation and irrigation, wind errosion, withering or 

other adverse effects could be controlled by windbreaks or 

shelter trees and in some cases soil warming could lead to 

better Zand use. Raising biomass under greenhouses comes also 

in t~is category. 

Activities involved: 

- Identify Zand susceptible to improved biomass production 

through application of: 

- ~ate~ conservation methods; 

- irrigation; 
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- Apply appro?riate energy anaZpsis and evaluate expected 

biomass yields from such land with corresponding investment 

an.i energy costs, taking into consideration possibilities of 

rcne~able energy supply. 

- Analyse possibilities of wider application of green­

ho~ses through appropriate energy analysis, taking into con­

Eideration possibilities of rene~able energy usec. 

:~ .. 1. 3 Crop .··~anag.?rent 

Eu t~~c~at:cn sane ~rops arc yro~n on inade~~ate Zand 

or in inadequate climate i'hi le some other crops aouLd produce 

better yie!ds and therefore improve Zand use. Land use could 

often be considerabLy improved by growing catch crops in 

ofterseason or gro~ing mixed cultures on the same Zand. Such 

cpportunities should be identified and evaluated. 

Ac~ivitics involved: 

- Identify Zand areas on which inadequate crops are arown1 

propose crop replacement and evaluate improved land use. 

- Identi:y Zand arcaa suaccptiblc to gro~ing but not 

groi1ing catah cropa and evaluate ponsible i~provements in 

b~o~ass production. 
- Review pre$ent pra,_ni..ce of' mixed cropping, identify and 

n~alucte possibilities of its wider application and corrcapc11~~'1r 
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Plant selection and breeding has already provided for 

appreciable increase in biomass production and in particular 

in food production throughout the vorld. Rapid development 

of biotechnology opens LJ:de new possibilities in this area 

through genetic enFineerin~ in-vitro techniques, etc. How­

ever, basiJ understanding oj fundamental processes, such as 

phc:osynthesis and plant physiology, neeessary for the defini­

tion of goals to be achieved by breeding and biotechnology ia 

still unsati2fa.ctOl'!I and l'equires increased research efforts. 

T~is incZudes ~nderatanding of the response of plants to different 

environmental influences and behaviour of plants in co~munities 

in the fields. 

In all these areas it is necessary to: 

- Review main directions of research and development and 

principal results expected or achieved so far on the global 

scale. 
- Evaluate areas of special interest for the Zand and 

clim1te conditions in question and identify prir.cipal activi­

ties already existing as well as existing manpower and equip­

ment resources on the basis of which neu' activities could be 

initiated. 
- On the basis of these evaluations propane a research 

and development medium and long range programme with corres­

ponding require~ents in researchs and funds. 

2.2.1 Basia Physiolorical Processes 

Particular attention should be given to: 

- Photosynthesis 

Activities involved concern Fhotosynthetic activity in 

plants and its relations to environmental factors as ~ell as 

to C.ifferen.cies in CO 
2 

forMation among species and varieties 

rc
4

, c
3 

and CAM types) with the aim of possible impPovemento 

of r~otosynthetic activities in plants by breeding or genetic 

enrineering. 
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Activities involt>e,1 c-011c-ern physiolor:icai ;;;ec:hanisrrrs OJ,.. 

translocation, conversion and accumulation of photosynthate in 

plants with the aim of obtaining higher yields of a certain crop 

organ as well as of increasin(! the amount of useful co.11ponents 

converted into sugar, lipid or protein. 

- Crop adaptibility to the environment 

Difference in groZJth environment affects solar energy 

conversion efficiency of a plant as much as the difference ~n 

species. Activities involved concern physiological and ecolo­

gical responJe ~echanism of plants orainst the environment, 

particularly temperature, ~ith the a~m of enhancing plant 
adaptability. 

3.2.2 Select~on and Breeding 

~~~ivities involved: 

- Conventional sele.._ "" and breeding 

Inven:~ory of the present efforts in the region including 

recearch teams and equipment and the evaluation of the results 

achieved, in particular as it concerns different ~rops, per­

centage of harvested crop involved as well as programmes fo~ 

the future and exvected results. 

- Genetic engineering 

Review of the activities in the world with expected results 

and possibilities of application of particutar technique3 in the 

rer.ion on the basis of existing research and development 
potential. 

3.2.3 Productivity of Plant Populations 

Activities involved concers: 

- Productivity of plants in the field 

Due to density effects of the plants in populations and 

their dimensional arranrements of leaves as z,;ell as effectc of 

soil moisture and temperature the difference in rrowth exists in 

function of the geometrical structure. Activities involved 

include a revie~ of activities in the world concerned with the 

flow of energy and natters in different crop populations as well 

as of the related existinr or potential activitif in the rc~ion. 

=-1 



Lately in-vitro techniques have produced spectccular 

results with some kind L -~ants~ A review of this activity 

in the world and in the country should be made giving results 

achieved and expected and a possible development programme. 
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Land reclamation and environmental control aiming at 

better land use usually involve large energy inputs. Producti­

vity of the available land depends on plant productivity but 

only under the condition that sufficient nutrients are avail­

able and that· adequate land cultivation is applied. These 

processes are directly energy dependent. Finally, mvch of what 

is gained through better use and i~proved plant productivity 

could be lost if adequate vost-harvcst technology is not 

applied to conserve harvested cropn. Post-harvest technologien, 

~ostly drying, is aLso energy intenaive. 

Thus, sufficient energy supply is prerequisite for the 

increased bio~ass production. Yoreover, by far the most of 

the energy supply is 1'equired in foI"m of deficient, usualZy 

imported hydrocarbons for fertilizers and engine fuel. Ade­

quate efforts should be put therefore in the areas of ener:;y 

conservation and substitution of deficient hydrocarbons by 

available, indigenous renewable energy sources. 

The activities involved should iherefore provide for: 

- Evalu~tion of possibilities of energy economy ~n 

most energy-intensive orocesses and technologies. 

- Evaluation of possibilities of substitution of de­

ficient hydrocarbons by indigenous renewable energy sources. 

In this resnect follo~ing areas are of particular interent: 

Z.Z.l Fertilizers and Chemicala 

Increcsed crop yields are closely linked to nutrient 

(NPK) supply by fertilizers. As a consequence a substantial 

part of the energy input in modern agriculture comes indirectly 

throuph uses of fe1'tilizers as well as pesticides. A part of 

necessary r.utrients is provided from the residues left in the 

field or from animal manure, which could be also utilized for 

other purposes by adequate processina. Diffarent kind of fer­

tilizers are needed (nitrogen, phosphorus, potassium), the 



;;roci1wtion cf :.•'rich : s ener~:;1 ir.tcn,-;ive to a di;ferent deg1•t!e, 

-c~:Z!1 ~cZ:1in; en cr:~-:-gy .. ~u!;.:..:f· ..?'":• ;:-.ct:~uZt:~o~: p:r·oi:.t~ts. A ~ .. etlt..:r· 

manage~ent of fertilizer supply as well as substitution of 

petroleum products by other sources could improve energy 

economy. 

Activities involved should include: 

- Analysis of the present use of biomass Pesidues and 

1.iastes for the suppl..y of nutrients, including biotechnological.. 

means for ir~proved efficiency of such utilization. 

- Analysi~; of t'tze present use o_r artificial ferti Zizers 

and c;emicals, ai~inr at adequate management and possibl..e 

su.hstitution o.~· deficient rat.i.7 "f":aterials for tl-zeir production. 

J.J.2 Biological Nitrogeh ·-:ation 

Nitrogen is an indispensible nutrient in biomass production 

supplied by an appreciable part by energy intensive nitrogen 

fertilizers. Nitrogen could be supplied also by nitrogen-fixing 

microorganis~s. Curtailment of artificial fertilizer consumt­

ion through efficient use of biologically fixed nitrogen by 

~icroorganisms is therefore greatly improving energy economy. 

However, biolopical nitrogen fixation is still in development 

stage. 

Acti~ities involved should include a revie~ of related 

development in the ~orld leading to a research and development 

programme aiming at t~e understanding of the interrelation 

bet~een microorgani8m8 and plants as well as at the ~ncreaoe 

in nitrogen-f~:ing capacity of miaroorganioms by biotechnological 

rr:eanr.. 

3.3.3 Soil P~eparation 

~ost of the direct energy input into arriculture is uned 

in fuel Zing various 1"7aci1inerr1 and in part1:cular track.tors for 

soil preparation. Activities involved are aimed at the evalua­

tion of numbe1' and size of different machinery, efficiency of 

their use and corresponding fuel consumption per unit area of 

arable Zand. An analysis of the rational uae of machinery ahould 

follow. In particular a review of advanced, less energy intenoive 
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~,;:-.:c.: .~ of sci. Z prq;,iarc.tion siwulJ. be· prov1>ied with corresponding 

suggestions on the • ~ • 7 ...... 
posst.o"t ... i ~:-es of their development and 

utilization. 

J.J.4 Post-Harvest Technology 

An appreciable amount of energy is used in agricultural 

product conservation and in particular in drying. An evaluation 

of the extent of post-harvest technologies employed with corres­

ponding energy analysis is of interest. Proposals concerned with 

energy conserv~tion ar.d substitution of deficient energy sources 

by renewable energies Zeadin(J to u.iider and more efficient use of 

po.<Jt-harvest tec~h.noZ.Ogies should follow • 

• 
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A large pa~t of the biomass produced is left unused. This 

goes for all kinds of agricultural and forest residues, animal 

and muni cipa 1. waste us well as for res·i dues and ?.Jas tes of various 

industries, in particular food-processing, 1t1ood and paper indu­

stries. Residues and Mastes still have useful nutrient and 

energy content and at the present state of economy represent 

a large potential of biomass which could be rrocessed and used. 

Problems of their use come fr~m inappropriate knowledge of 

energy and nutritional characteristics of t~is biomass as well 

as from still not ~ell develoned ~ean~ of t~eir collection and 

pr>ocesaing. 

Changing tr>ends in the world economy, mar~ed by the neces­

sity of reliance on indi9enoua and renewable resources, influ­

ence the objectives of the biomass production from principally 

a source of food and a Zimi ted number oJ non- food commodities 

to a ~ore complex utilization for food, energy and raw mate­

rials. Some plant and forest cultures being so far neglected 

gain in importance !JJith this chanre in ob,f.:ctives. Therefore 

a need of revalorization of some alternative biomass production 

such as energy plantations or for other purposes. Again, problems 

arise with insufficient experience in cultivation, harVe3ting 

and processing. 

The objectives of this part of the otudy are to: 

- Identify all significant biomass residues and wastes, 

evaluate th~ir nutrient and energy content and assess poasible 

collection ~2thods. 

- Examine poasibilities of raisin~ alternative cron and 

forect species ~ontributing to a better available land use 

through a co~plex utilization for food, energy and raw materials. 
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Residues and ~astes amount to as much as 50% of the 

produced biomass and therefore represent a large potential 

resource for processing into useful products. Some of the resi­

dues are already being used as animal feed, fertilizer or energy 

source. However, this is mostly done in a traditional way and 

often inefficiently so that reevaluation of the uses could 

lead to better econorzy. Still, a large part is left unused so 

that efficient wavs of collection and procensing have to be 

developed end a~e being developed in many countries. These 

developmen~s ~eing costly a careful economic evaluation of 

di;~ferent pos:.:ibi lities has to be per forrzed on the basis of 

nutrient and energy content as well as the value of end products 

to be obtained. 

Activities involved should concentrate on: 

- Inventory of all agricultural and forestry residues as 

well as animal, municipal and industrial uastes on the basis 

of evaluations in preceeding chapters with the assessment of 

their nutrient and energy content. 

- Evaluation of the efficiency of the present uses of 

residues and wasten. 

- Assesument of the Pconomy of different ways of collecting 

and transporting residues ell••] 1.1astes for the final procesai11a. 

Categories of residues nnd ~antes to be considered are 

r i v en be lo"-' . 

4.1.1 Forest Reoidues 

Tops, bark, roots and wood-shavings are often left over 

after stems are taken away. Residues of forest thinnings are 

" .- , . ' , ~I 

in the same category as well as residues of frkit-yards and 

vineyards. Amounts of t71ese residues lzrwe to be evaluated toaetht!r 

~ith their corresponding quality and efficient ~ays of aol­

lection and transport have to be assessed. 



Post-harvest residues in the production of cereals, vegetables, 

fruits amd wines have an appreciable nutrient and energy content. 

A part of these residues is left over an the fields retaining nome 

nutrients to the soil. Ancther part is used in animal husbandry 

as feed or fiZZer. Yet another part ~s used as an energy source 

~n rural areas. These t~aditional ways of utilization have to 

be re-evaluated. Quantities and quality of different residues 

have to be asse~3ed and corresponding ~ays of collection and 

transport have to be evaluated from technical and economical 

standpoint. 

4.1.3 Opportunity Crops 

Appreciable Zand areas of nome countries, mostly ~n arid 

repions, are covered with natural veretation in form of bracken, 

shrub, weed or reed. Due to their energy content attempts in 

some countries are being made at their utilization or even 

enhancement of their productivitp. An inventory of such natural 

vegetation h~s to be made together uith the evaluation of the 

corresponding enerFY content and pos3ible ways of collection 

and transport. 

4.1.4 Animal Waste 

Wastes in animal husbandry, eop~~ially in Zarae cattle, 

pig and poultry farms, contain appreciable amount of nutrients 

and energy. In addition this ,,,aste often presents serioun 

environmental problem;. A part of thi:-: ·•arrte is !1eing used as 

fcrt1'lizers. TheHe i1aun have to !Je rer'on:n:dered from envirorz­

~ental point of view. Available amounts and quality of wastes 

have to be evaluated for principal sorts of animals with due 

consideration of the oize of farmn. 

4.1.5 Wood and ?aper Industry Residuen 

An appreciable part of residues in ~hese industries is 

being used in many countries as rai,' material fo1' further' procea­

sing 01' as an ene1'gy source. These uses have to be evaluated 



.+-I'orr t:ie efftcienc;.i at::m-:.roint. ,1r.ozi"?t~ a>zd qualities of all 

4.1.6 Alimentary Industry Residues and Waste 

Residues in these industries have usually high nutrient 

and energy contents. Some parts of these residues are being 

used for further processing or as animal feed. Amounts and 

quality of residues and wastes have to be evaluated together with 

t~e existing wa~s of utilization at the present. 

4. 1. 7 Other Industrial Waates 

Wastes in some other industries may also have appreciable 

nutrient or energy content. Wastes in some industries 

represent conniderable environmental ha,ard and corresponding 

sewage has to be treated before disposal. Lately, biotechnological 

wuys of treatment with corresponding output of energy rich gases 

are being employed. Potential reRources in waste or waste treatment 

of principal industI'ies have to be evaluated for possible uae. 

4.1. 8 '.'unic-:'.pal '.faste 

Large amounts of bio~ass aI'e found in nolid municipal waote. 

In cane of aewa~e ~iotec~nolorical treat~ent ia being employed nore 

and r·01•e. Correspondinr ano~mts c[ 1.,a.:ite and t/.zeir energy content 

hai1e to be cvahated for the large municipalities and existin:; 

c~ :Jell a1J poFrnil.'le <.•ays of wJe assesr.ed. 



In some cases biomass resources from specially grown 

energy plantations could be used for substitution of fossil 

fuel. Plants grown for energy purposes require different 

characteristics than plants grown for human or animal food 

or industrial raw material. This leads to interest ~n alter­

native species which so far have not be cultivated on a larger 

scale so that e:perience has got to be gained. 

Special 1'.r:terest exists for the ldomass obta1'.ned fro1"1 

algal and other aquatic plants, not only for the energy supply 

but also :or the suprly o~ JJod and industrial raw material. 

This interest comes from theunusuall~high productivity of 

aquatic plants which is several times higher than in case of 

other plants. The experience with growing such plants is 

stilZ modeat. 

The aim of this part of the study is therefore: 

- Inventory of alternat~ve plants being investigated in 

the world capable of being cultivated in the climatic con­

ditions of the country in question with the identification of 

available land areas for their cultit•ation, preferably unoiut­

ab le for other purposes. 

- Revie~ of the present state of the art in the develop­

nent of plantations of the planta ide~tified an suitable from 

the standpoint of expected ~ield and quality of products. 

- Evalu.Jtion a_;· C!1tZtiw1tfon and lwrue;.tine means from t.lie 

technical and ccono~ic Rtnndpoint. 

Special attention should be Given to plnntatione of the 

plants listed below. 

1.2.l Forest PZantations 

Plants i~ question s~ould have conoiderably shorter rotation 

period than C!onventional foreata 1J1dle havfng interesting cnouah 

enerr~ content. They are uAuaZly divided into two groups: 



Ccpri~e !rees su~~ as popZa~, hirch, larch, salix, etc. 

Special attention should be given to required soil condi­

tions, ~~ter and nutrients as well as to procedures of cutting 

and collection of biomass. 

4.2.2 Sugar and Starch Crops 

Some pl.ants of this kind, tr11dit1'.onally grown for food -

such as sugar cane, sugar beat or corn - have been used in some 

countries to obtain aZco~ols as substitute engine fuel. In 

such cases there is always the question of food versus fuel. 

In other countries less traditional plants such as turnip, 

sweet sorghum, chicory or Jerusalem artichoke are being invest­

igated for the production of liquid fuel. In some cases mixed 

use for fuel as well as " ., food is be1'.ng considered. An in­

ventory of all suah crops should be made giving expected yieldu 

under the climatic conditions in question. 

4.2.3 Oil and Hydrocarbon Plants 

Vegetable oil from some traditional or less traditional 

crops such as sun.flo1Nn•, soyl:iean3, rape, etc., could be used 

as substitute for diesel. engine fuel after apprcpriate thermo­

ehenical treatment. Some Zess traditional plants are capable of 

producing some hydrocarbons, such as Zatex, which could also 

be used as fuel substitute (Euphorbia). An inventory of 

such crops should be made with the evaluation of aoresponding 

yields under the given climatic conditions. 

1.2.4 Aquatic Plants 

Some marine and freshwater aquatic plants, such as 

micro- and macro- algae, neaweeds and even reed, are capable 

of producing yieldn of biomass which are several times greater 

than in other crops. Interest in suah plants comes also from 

the fact that land areas under water, normaZly unused, cou!d he 

used for biomass production. In cane of macroalgae biomass 

production in waste waters or warm efluent waters is advantageous 

so that doubZe goal is achieved. An inVPntory of aquatic plantn 

capable of' pro.:;'ucinJ intcr<rntln(l ;1irdd:-: ln available L?aters 

nl;ouZd be na-ic. 

....... --·-



Conventional. processing of bioman.~ for food in al.imentary 

industries or for non-food commodities in other industries such 

as v.•ood or pa?er lndustry is outside the scope of this study. 

This pa~t of the study is concerned with: 

- Processing of potential. biomass described in the proceeding 

cirnpter; 

- Non-conventional. processing of biomass aiming at a 

co~plex util.ization for food, energy and raw material.s; or 

- Processing of biomass for energy in form of heat or 

substitute for soiid, liquid or gaseoua fossil. fuel.s. 

Traditionall.y there -"e two ways of processing biomass 

for the above purposes: thermochemical. or dry, processing and 

biotechnol.ogical or wet processing. Lately progress in bio­

tedhnologu has l.ed to new ways of processing in which solar 

energy is ~ore or l.ess directly converted into useful. end pro­

ducts, sometimes called Bolar Biotechnology. 

Generally speaking thermochemical processing is done with 

the aim of octaining energy in form of heat or fuel. However, 

rriethanol., as a possibl.e end product coul.d be used al.so as a feed­

stock for chem~cal. industr~. In case of biotechnol.ogical. procenaina 

energy is usually only one of the end products, other end 

products being useful as food, ferti Uzers 01' industrial raw 

~aterial. Sola?' biotechnolory, or direct photobioconveraion 

is more open as end products are concerned and could be 

desicmed in prineiple to natisf11 an!I riven roal. 

Analysis in this part of the ntudy should provide: 

- A review of biomass aonvernion processes being developed 

in the ~orld and in t~e country with ~orrespondinr definition 

of input biomass, end produ~t quality, ener~y balance and coate 

invol.ved. 



- A seZection of biomass processing routes in principZe 

pro mi sing for the cond1'. t1'.ons in the country in question. 

- A coresponding programme of neceRsary research and 

deveZopment efforts needed to implement technoZogies in 

question. 

.,~ .. .. / . I 



Wood and different forest, agricultural, wood industry 

and municipal solid residues and ~aste could be directly burnt 

in stoves and furnaces to produce heat for various uses. 

Alternatively, they could be converted by different thermr­

~hemical mea•:s into upgraded fuels: sol1'.d (charcoal), gaseous 

(vroducer and synthesis gas, pyrolysis gas) or liquid (bio-oil, 

r:;et'lzanol, pizenols, heavy oils) for suh.'>equent use either in 

. .rurnaces or for the production of mechanical energy in enginer. 

(gas engines, methanol). Some liquid products could be used 

as chenical f€edstocJ.:.. i'egetable oil.~ could also be used as 

substitutes for liquid fuels, after some thermomechanical 

treatment. These thermomechanical processes are in different 

stages of development and practical use. Some traditional 

processes such as burning of fuelwood or some agricultural 

residues, have been in use for a long time, usually with low 

efficiency. Some of them are in advanced stages of develop­

ment while the other are only in the laboratory stage. 

It is necessary to review states of the art in all 

promissing processes and to evaluate all necesnary parametern 

for subsequent economic assessment. It ic also important to 

establish the extent to r,Jtzi ch di fte rent processes are already 

being used in the region as ~ell as to assess research, de­

velopment and industric.. ~.'rf::: for t1-ze development of theae 
r J'Oces Se S. 

Thernoc~enicnl conversion nroaenscs of intere3t are 
r·'.~Je:>z he lo1.•. 

5.J.J Direct Combuntion 

Biomass residues include fuel1,1ood from natural foreBts 

and forest rlantations; forest, agricultural and LJood-industry 

renidues and rizmicipal solid r.iante. l'rocen.1ea involved incluJe 

mechanical pretreatment (compacting, pellets, briquettes) and 

furnaces for different unen. Special attention should be aiven 

to the evaluacion of t~e efficiency of traditional uses in 

stoves and furnaces and ronsibilitien of their improvement. 

:~ c7 ;' 



Gasification of relatively dry wood or lignocellulotic 

material cou~d be performed ~ith air in which case low-BTU 

gas is obtained, or ~it~ o=igen ~ith the synthesis gas as 

t;ie end proc'uct. In cr.se o.r (iasi,ticat1'.on r,•ith air spcc-:.·al 

care should be ?ivcn to the elimination of tar (counter current 

design.) if the (TaS is ur -~ ;"" r:af: en(dnes for mechanical drive 

or e lectri cit;! p1•oductior:. D'jnthesi s gas could be furOzer 

processed i~to ~ethanol. Ad~anced raAification methods include 

aZso cataly~t JaAi:ication at ~ho~t residence time. 

5.1. 3 Phyrolysis 

Traditionally ~ood is processed by pyrolysis to obtain 

charcoal an upgraded fuel easie~ to transport which could be 

burned or gasified. Efficiency ~f traditional processing is 

low as liquid and gaseous by-product~ are not used. An evalua­

tion of the extent and efficiency of traditional charcoal 

production ~as to be made. 

Modern processing b~ pyrolysis of wood, straw and even 

rubbish, with moisture contents up to 50~, is done in kilns 

~ith the end products consisting of charcoal, pyrolysis or 

tio-oil which could be burnt and ryrol~nis ras of medium 

E':'U content. 

5. 1. 4 Lique.faction 

An 1'.nto~re::;tiY?.(J rrocP.lure f'or olit:nirdr.(l liquid .~uel hut 

~ h ' ' 7 ~ 1' I~· f ' • c:l.f:O ct er rm.1 cneni.cai-s ;rem 1.1ooc; t.s ,,,oo.·. p,que acti.on i.n 

the -pr>esence of hyd1'ogen and a catn'l!rnt. In the intearated 

process ceZlulone yie'ld sugars which cou'ld be further treated 

~hi'le lignin i9depolo11nrrizcd r1'ovidinp Mnnorhenoln. Some 

ot~er heavy fractions also appear ar end productH. 

5.1.5 Vegetable Oil Derived Fueln 

.··~ 
u • 

Vegetable oiln could ~ot be uned dircatly as fuels. Uowcvcr 

~ith adequate proaessing by transcsterifieation or catalytic 

cracking su~stituten for Jienel en~ine fuel could be obtained. 



In biological conversions of biomass the principal role 

'Z-n the process is performed by microorganiams such as bacteria 

or yeasts. 

Some biological conversions arc as old as history, GLch 

as alco:?olic f"crmentation. illcolzols obtai'.ned are used as 

beverage but hcve been uaed as enrine !uel as ~ell as industrial 

feedstock. For r.or.:e time _fernentat1·on of' rdorr:ass has been a 

main source for sor.re orgardc acLfa necesnary in the indu3try. 

Yith cheap ~il petrochemicals have taken the market but with 

the rising o·il prices there is a rene1Jal of interest for 

alcohols as :uels and organic aciis as chemicals obtained 

_f"rom biomass. 

In the process of anaerobic fermentation or digestion 

the main vroduct is methane rich gar. called biogas. Interest 

in anaerobic digestion started wit~ the possibilities of 

disposal of environmentally adverse orcanic waste. However, 

lately ciogas became intercstina QR an alternative energy 

nource e3cpc~ially as the residues in the conversion proceGn 

could be used as fertilizers or processed into animal feed. 

Anaerobic fernentation is also a rrocess ennpeaially suitable 

for the conversion of high moisture content biomass. 

Fer.-nent2tion, neither aerobic nor anaerobic, could nat }1(' 

cnplied to lignocellulosis materials such as z,,•ood or forest 

l'csidues which represent the principal part of reneua~Ze 

bionaBs. Even aGriculturaZ rcsiduea are not sutable unlens 

~i:ed ~ith animal waste. However, ~ith adequate pretreatment 

lipnocellulosis ~aterial could be more 3UAceptible to ferment­

ation AO tJ.iat an appreciable reRearch and development effort 

is oriented in this direction. 

The activities involved ahould provide for a critical 

review of all proceaseR being developed in the world and 

! 1eing of interest for -:->rocc:H:ing of biomass avai lali le 

in the country. Corresponding technolorieR should be evaluated 

:rom the technical as Mall as ccono~ic ctandpoin~ Of equal 

interest is to a~sess t~e extent of aprlication of correnpondina 

- -- -- ________ :__ _ ___,_ ________________ __ 



5.2.1 Bio~ethanation 

Anaerobic digestion is a complex process in ~hich 

dilution of urban, animal or other agricultural or agro-induntry 

residues and r..1aste are 1zydrolysed and tT-ien subjected to fer-

~entation and methanog. ·1s by microorganisms. For each type 

of bio~ass input t~ere is an opti~um nixture of cultures of 

ricroorganir~a to ~e dcvclopeJ and correaronding technoloaical 

s~~emc to ~e applied. ~ ~iah encr~y content gas obtained coul~ 

~e used as a heat ~ource ~ut al3o an an engine fuel. Liquid 

residues could be used as aoi l-condi tionel' 1Ji th good fertilizer 

quality and solid residu.es could be used for further processing. 

All these ?i.'ayR have to be evaluated for d1'.fferent types of 

available inputs of biomass. 

5.2.2 Alcohol Fermentation 

Fermentation o! su~ar cravs and molasses into ethil 

alcohol i~ a ~ell established althou~h somewhat energy intenoiue 

rrocess mostlr because of the enerr~ required for distillation. 

Ethanol produced could be used as aubatitute for engine fuel 

but the process is of interest for only n few countries aa 

the biorrntJ.~ i•esou:r>se required in usuall!t ~zeeded for food. 

Fermentation of starch cropn like cereals, potato, etc., 

is also a we~l entabli~hed rroc~sn although ~ith similar 

Ui.!itations rerarc?.ing 1'CSOUr>aca. Jn ruil.11:t1'.on thia process 

~a even more enerry intensive as hyJrolu~ia pretreatment in 

r•equired r;o t!:at cnerg11 econo1r:.•.1 ·z'.3 mm1 rn'.nnl if by-producta 

are n o t f u l l ~' u t i Z i z e d . Co 11 t i 11 u o u a f" e rm e n ta t i on b as e d on 

~odern biotechnological procedures in advantageous in thin 

respect while 011ly in development. Some Zens traditional cropn, 

Zike Jerusalem artichoke, involvinr 11utyZ-acetone fermentation 

into aaetone-butanol offer some advnntnars reaarding non­

competiuness z,•{th .food and better ent £1!1 economy. 



. 
[,. :=. J :ei':"t:rntat;"on of L1~r,:moceilulosL°c ~.:ateriai.s 

Lignocellulosic materials present a great interest as 

fermentation substrates for the production of substitute 

liquid fuels due to large resourses in biomass. There are. 

however, serious di.f'ficuities in their use for these purposes 

as pretreat~ent and hyJrol~sis techniques are necessary to 

decor-:pose l1:pnocel lulosf.s 7'.nto ca1n:c constituents before 

fermentation. Various ~echanical, chemical and bioche~ical 

pretreatr.-:ent rirocedures are employed before acid or enz}!matic 

h~drolysis, or sacchari:ication. Enzimatic hydrolysis is 

.~ 
·t 

o .~ten enp loyed iate lz1, ..• ~.>03.ucing no;;e l biotechnological 

techniques Z·ike cell immobilization, as well. Sol.vent fraction-

ation into cellulose, hemicellulose and lignin _ aiming 

only partly at fermentation to alcohols but also at obtaining 

chemicals like furful'al, phenol, etc. is also being used. 
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Biomass production available for procer.sing by different 

techniques described previously is limited. Conventionally 

;ro~n biomass due to its dependenc~ on available arable land 

nutrients and rain.fat! and its lim1'.tation.s 1'.n. lorJ photo:;ynthet1'.c 

e/"ficiency C!!d c!inatic in.ter,,,itt<»zcy is at best capable of 

satis~1ing groLJing food and tradit;onal material demand ~ith 

onZ:r a smell ;:i,-zrt of the production hein.g available for con­

versions into energy and other defi~icnt ra~ materials. Better 

:..t~'.lization. cf re3idHes and u.•aste prov1:der. for additior.al ra:.' 

tio~ass for pro~essing, ho~cver, still not of the order required 

for instancG- for a .·en.e1Jable energy and raw material. substitu­

tion on a ~arge scale. 

Biotechnology ~ased on microbial photosynthesis, or 

~olar Biotechnolo~y, opens possinilities of providing organic 

~atter from minerals, co 2 and solar energy on a scale to match 

large scale requirements in the future. Photosynthetic eel.ls 

- plants, microalgae and p~otosynthetic bacteria - in especially 

de~i~ned photoreactors in controlled environment and supply 

o: energy and materials -are capable of producing desired 

ar:;anic material in form of food, chemicals or energy, so 

f'ar on a l-:zboratory scale. Continous culture and immobilized 

cell tec~n.iques are being employed ~ith different microalgae 

as ~ell as phototrphic bacteria depending on the desired out­

~~ut. Clo<Je to theoretical rr.axinur•1 conver:n'.on efficiency ,._o 
expected. At the present energy balances are usually leaa 

t~an one and the econony in such that only high value productn, 

nkc1 as poly3accharidcs, ar~ economically Justified. lloucver, 

t~ere is a wide scope t~e improvement of eneray balance 

~~d economy with further rencarch and development. 

Acti~icies involved should provide for a review of the 

state of the art and expected results in t~e ~orld as well an 

in the country 1Jith corresponding reco;nmendationa of a rencarr!h 

and develop~ent prorrarme. 



1 
~. DATA BA~KS A~D SYSTC~ !~ALYSIS 

The~e is no doubt that impr~vementa 1n resourse manage­

ment and the arplication of modern technologies, esspecialZy 

t~ose based on develop~ents ~n biotechnolo~y, could reault 

not only ~:n the .<ruppZy of r.>ore food, rrochwed 1:n a more ra­

tional way, hut also in t~e production of energy, raw material~ 

and even completely nei.1 productn. A.'1 C7J1'.L!enced by preceeciinu 

c~apters there are multiple ~ays to nchicve these goals so 

that a decision rraking rrc;<"!.edure hac to be e3tablished. ~1or>e 

c:ten tha~ nat decision3 are heing made on the basis of 

qua Zi tatii•e or 3imp lified evaluations which practice has to be 

avoided and replaced by appropriate system analysis. 

There ~s no doubt, also, that positive results in the 

application of modern technoloeies could be achieved only through 

correspondin~ funding of research and development efforts, from 

t~e level of fundamental researah to demonstration plants. 

There is a ~ide ehoiae in development possibilities and only 

a Limited a."'7.Junt o:" fundrr. It is, the'f'efor>e, of utmost irr.port­

ance t~at the a~cioians a'!'e baned on rroper social and econnmic 

criteria, ~e~t availa~le in:ormation and appropriate system 

In t~e renult of analysis unde'f' preceeding chapters of 

t-:.:is stud? a :;reat nur:ber of different data should be col leclr!d 

.'~a..,,~rinr the i>'Zitfal J-.anis for> a corNrnponding Infor>r.1ation :::·1::­

trr'"' or<yar:i::.e!. i"l a nur:·1)er· of nata l?tmka. In general t1 •. ~o l!I"•':: 

,,,,. .~.-:ta r;;.·oz;7c7 he (~atl:erc.! to(rct:zrr: ,fata on re::;ource~ o•zd 

;•;.r•1•ent l.1ior:ani' rrcd;,etion an,? u:Jc.~ and J(]ta on r71'_'•fe'f'erzt 

t.;c_•~1:0Zor::·{ei! 1PalJn:7 r•:'tl! tl1e p1'0,:1wt1'.on and t?ze procr:i;si~1c c>j' 

hioma~s, most of t~em beinp in the development atage • Collect­

ion of data in t1ze firet rroup lias to !·e O'f'i;Janized on a 

oerir.anent f.,asis. Data {,1 the cecond proup have to be pcr•mancntly 

uridated al l01.11'nr for t1ie J'.nput of' n£"r,, available 1'.nforma ti on. 

'.:'1:e 1.•ho le In/orr?atf on S:1stem has to be organized in Ruch a 

~ay to make full u~e of available computational faailities 

i 1; t 11 e count r'/I • 



.; ."i/ 

. 
. ·>iaZ;1:::it> c_'' t::e coZZeC't.,,~ ,:ata .~:1c•1tl-.! !ie male -z,n 

c.cco.,.dance uitJ: the conter.porary state of t1ze art of system 

analysis. For this a frame~ork of annl~tical tools has to be 

developed. 7he level of ti;i s anal!1ti ca Z frameu.101'k for decision 

r:ak-z'.ng tiiZZ depend on t;ie ccw1try 1'.n aueation, complexity of 

the system in question and the availability of computational 

equipment an.d <''!.:·z'.lZec! per~onncl. !!01.•evrr> ..--:iriple it should in­

corporate clear <ie.,:oinit~·on of roala and c·i·iteria as well a~ 

of all steps in rrocess of decision ~a~;nr ani should m~~c 

use of best available in[or~ation of t2c~nical as well aa 

economic nature. 

Full development of both the Information System and 

t'Jze AnaZ11tical Fra777ei,.•ork 1Jould reqzdr>e a lead time outside 

tl-ze time hor>izon of tH:: study. llo1.1r·•er, the pr1'.ncipal goal 

of the study being a first step towards a Program of Action, 

both systems should be developed to a stage allowing for 

first approximation decisions to be made. 

Therefore, objectives of this part of the study would 

- Ccnceptual design of the In[onrratfon System 1Ji th itc 

development to a stage of handling data collected during 

ti:e study. 

- C:or:eeptual design of the Anal;1tical Frar1ework and 

its developmer:t to a stage allo~ing for the decision making 

rrooedure aimed at the Draft Pro~r>am of Action. 

- Dra!t Prorram of A~tion tracfna principal dircetio~u 

o: re3carc~ ~na development activiti~n. 
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Activities involved are concerned with the conceptual 

design of a complex Biomass Information System involving: 

- collection and renewal of relevant data on a permanent 

basis; and 

- Storage and sorting of infor~ation in corresponding 

•iata banks ~?aaily acces.c:i!,ze for suh;equent analysis. 

Fit!;1'.n ti1e SCO!Je or th'.r, r:tuclr1 In.fonrntion System :;houl.l 

~,e capable of ;zandl1'."1,-. ni. l in.fon1ation ;iathered during the 

study eo ~s to allo~ u~e o[ the data analysis. In addition a 

program of activities should be de[ined leading to the reali­

zation of the Biomass Information System in accordance L)ith 

the concep~ual design. 

Information of interest could be ~rouped in the way 

;;1'.ven belo1.•. 

6. 1. 1 Pesources 

Includes relevant data on a regional basis, on: 

- Climate, solar radiation and other climatic data dea­

cribed in Ch. 1.1.1 and 1. 1. 2; 

l!Jidr>o lo(7y, data dencribed 1 n 1. 1. 4; 

- Pcnez,iable r.ourccrn of <'ner(T;'I, data relevant to unen 

cf solar, ~i~d, hydro and reothermal energ~ as dencribed in 
1. 2. 

As aZl the~e data arc w:u:7ll,·1 eollectcd anrl handled 1:~1 

a:read;,; existing n:1Jror.~eteorolO(l~'.('17.l ;1crv1'c!en URe Of tfter.P 

1Gta could lie orpanizcd ln .form:i o.f Unkn z,iith already exir.tina 
n:1,qtems. 

Ho~ever a special intercnt exintn in a complex Land 

9esources sygte~ ~hlch Mould nynthPtinc rrlevant data on 

available Zand, soil conditionR, climate and reRulting potential 

biopT'oductivit:1 as de.1cPihed in Ch, 1. 1 and in particular' 1. 1. 5. 

The available territory nhould be divided in a given manner 

into a aertain numl;e1' of eel Zn fo1' ,- ·ch of 1,1hich relevant data 

uiZl be sto1'ed in the n~str~. 



Includes all reZevant data on exinting biomaRs product-

ion on a regional basis on: 

- crop farming (2.1), 

- livestock ~reeding and fisheries (2.2), 

- forestry (2. 3), and 

- . .final uses (2.4). ·.,;. 

These data are also usually collected and stored ~n 

corresponding services so that arpro~riate links could be 

organized. 

liere again a special interest exists in a complex Land 

Use system, corresponding to the described Land Resources 

system, in '..'hic'?z for each of t1ie unit cells of the tzrritory 

relevant production data could be stored for a given time 

hor-izon. 

6.1.3 Production Technologies 

Include3 relevant technical and economic data on 

technolog~ea leading tn increased hiomasa production, needed 

for the e11aluation of tizeae technologies. These data should 

be permanently up-dated liy acqu1'.3i ti on of nez.~ information. 

T;:eRe techniques could be rn•ouncd in tlie followin(J way: 

- Land use, including land reclamation, environmental 

control, etc.; 

- Land ~ultivation, includinr nail nrcparation, unc of 

fertilizer-cl and peaticiJeR, etc.;. 

- Plan ~roductivity, including nclection and breeding, 

in-vitro techniquea, etc. 

6.1.4 Bio~aas Procenninr 

Two kinds of information are involved, thane concerninu 

nutrient and energy content as well an production costa of 

various biomass to be pr>oces:=:erl, includina non-traditional 

cultures, residues and ~astes, and thane concerned with 

tc~hnical and eaonomic data o: ronnihlc rroccnning techno-



A conceptual desi~n should be provided of a framework of 

anclytical tools needed 1'.n t>-ze process of evaluation of different 

available possibilities and su~sequent decision making. The 

level and the complexity of this framework will depend on the 

existing situation in a given countr~. It should include: 

- Prei1;.'.s1'.on of" _ruture demands 1'.n .fo(ld, non-food corr:mod.itir:.: 

and enery as a r.ecesr:arF 't;asis ;or tlie definition of goaZr: anc! 

evaluation criteria; 

- ~odeZZing of different nµste~n, such as agriculture, 

a~ro-complex or energy, on different levels from the whole 

country to sinrle large farms; 

Optimization an~ •ision making procedures. 

A development prorram leading to the realization of the 

Analytical System suitable for the countr~ in queation ahouZd 

be 1 .. 1ell defined. f..'ithin the acope of the ntudy, hoz.Jever, it 

is necessar~ to arrive at certain deciaions concerning future 

activities. Therefore, conceptual framework envinaged should 

be enployed at a certain level in the proces& of decision 

~akinr. Within this framework a certain number of analysis 

c~ould be perfor~cd and the reaultn presented. 



6.3 PROGRAY OF ACTION 

The final results o: the study should be presented in 

the form o~· 

- C~itical analysis of the present biomass production 

~ithin the frame of existing potential resources and in 

conparison 14•ith advm. 7 hiomass pr-oduction systems. 

- Prcgr-am of Action defining pr-incipal directions of 

possible developments and corr-esponding requir-ements in 

manpower, investments and research and development efforts. 
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