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I'YTRODUCTION

Food, Energy and Faw “cterials are arona the most eruical
problems of all countries. Indigenous supply of Sood, energy
arnd raw materials, in thig order, has fiprst priority cspecially
for developing countries as a necescary hbactis fer a sound

ecconomy,

Foed supply, aleauate 1in dietary encrey and mutrition
2uclity, Zc indicrensabie Ffor survival and wvell being of rman-
F

rod fe a renevalle cemmodity, surplied entirely fror

f"

Termass produced from tnorganic rmaterials with the atd of solar
energy through photosunthesis. The production requires aralile
lond, estimated at a ceuarter of tne glebal lané area. It 1s
estimated that the glctal rescurces are such as to allow for

an order of magnitude la arger production on a sustained basie,

sroviding an adequate enernsu currly 73 assured

Energy, then, is als indispensable as it also ascures
rrotection against the environment ard runs the wheels of the
entire econory., Yot only 1o the level of developrent proportional
Lo ernercy consured but no developrnent and even no existence
“r possible without adequate energy cupblu. At the present
cxeray 18 mostly a won-renewvable comnodity, supplied for the
rect part by fossil fuela, fowever, those fossils have been
Fiorass a long time ar:  ‘“lso, even now rore than 107 of the
rrimary energy in the rorid in curplied by biomass and about
© raitf eof the ¢lobal nopuliation dcrvnfs on biomass for enersy.
It s true that thcse ave +ie roer ¢f the world and that
ielr enercy surply is ‘nadequcte. Nevertheless renewanle
rroduction of biomarcs on a globel scale is in energy content

ten times greater than the rresent total energy consumption.

The bulk volurme o7 rav-material supply 1g at the present
ror-renecwable, alt/ougn aore "ndustrics, 1ike wood=, pulp-
and paper-irndustries depend entirely on biomase Sor raw

raterials. Not a long tire ago, hefore the advent of cheap




. mnh 0F +he alicrmTanl v ity wmearsewir by s o 1y ogme Spor
Cl., mueT 0F tue cacrmioal tniuriry rav-vaterial supply ecare Sroy
- - ... - - . = ~ . ~
DIomara. Fitn the atanzivie ravtornn oF ceonemu noins auay Jron

heavy rmetal industry, many new raterials could be producad on tihe

basis of biomass.

Thus, there “s a sound foundation for the statement that

indigenous, renewvable biomass production could in many aspects

o

be possible solution to critical problems of food, energy and
rav-raterial supply, for many countries in the world, in the

lone run. After all solar encrgy <s bu far the createst primary

- "’
i

encrcy source on Zgrth. Furthiermorae, photchiocomversion is an

tdeal vay of harnessing solar energy resulting in chemical enersy

v .

stored tn biomass whiceh could he ured whencver and wherevenr
d

-
7

for energy cuprly and also as Food and rav-raterial.
The resources exist while the appropriate technology is

evelopment. In fact Eiotechnology, whichk could be defined

o,
2
[N

]
2

application of secientific and engineering prineiples to the

N
'3

occssing of materials by biological agents to provide goods

and services, is armonguthe fastest develoring technologies at the
present. Among the modern technoligies in whieh spectacular break-
throupohs are expected Biotechnology 7a considered as the tachno-
logy of the future. Developments in hiotechnology open some new
possibilities esspecially For develorning countries as a technolo:y
in which human resources ecnd ingenity have a principal role.
Research and develcprment in bioteehnology Zoes not require ex-
cescive funding and the apv..cations do not involve extremly large

investrents necessary in some other new teechnologies.

In the long rur, therefore, the peravective of biomass an.l
Eictecimology plaxing an irmportant role in indigenous supply of
foed, energy and rav-raterilc: on a sustainable bhacis looks var:
rromisging. In cranging the oliective to the present situation

looxs different.

On a glotal scale for the last 30 years production of

food loubled for an increacse of 76% in norulation while the
rroduction of food is ku 10 to 207 greater than needs there are
about 450 million undernourished in the world due to poor distri-
bution and overconsumption in industrial countries. ALl availalble
lerd is therefore needed for “ood production. ligh productivity

in industrial countries is be’ng paid 'u ertensive energy inputa
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OpIng cownirics s often rrevented by the laek of o7l

inerease of proiuceioii.
irezdy imposing an overturden to national economies. The FAJ
ctirated that by the end of the eentury food production in
developing countries wou®~ ave to double with g roiest inerease
cf the areble land arec. Tute then requires an increase of o1l
consumption by a “actor of four whteh would double food rrices

in these countries.

P2y

5§ far as encrpyu Surriy “rom bLiowgos is concerned ty far

the most part of renevatle hicmass comes from forests. Forests

.

1

hieve an important ecciocieal equilibrrur and 507l conservation
ele. In develepins countrica teavily reluing on Fuelnood for

r

énercy a serious deforestation <s already taking place en-
dangering ecological equilibrium. In ndustrial countries all
available forests are needed for the surply of rav-material

Ffor vood and paper Irndustry,

»

It 1s obvious tien thas at the present there 1s q nurbep
of important problems in 2 biormass production and utitlization
to e dealt with. Tihe rroblems concern Poor resource managenment,
Tnefliciency of production and pProcessing, utilization of
various residues and iaste. These problemns could he grouped

under several 7teme -

= Improved recource ranagement: lLetter land use through
anl reclaration and environmental control, better cultivation
cedures and Tnereascd nlant productingty tirtrouah celection

0
and rreeding.

- Improved enercy economry +; rrouniy consaervation, better
enersy manacerent end cyhseqs tution of Jefiefan+ hydroearionn
P renevable sourcen 0f enerey,

= Increase of biomacs resources _.r further processing
by making full use of residues and waste and by cultivating
alternative culturer.

= Dacrease of waste by wider application of poat-harvest
teckinologies and Fy cornlex nrocessing of bioriass, and egs tpectally

vaste, into food, enercy and raw materials.
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2t fneg came time nelonsary to mane nrorarotion For thne uJsvent

of new biotechnolcgy rmethods. In Fact a nurber of the maentioned
protlems could be dealt with through application of some forms
of biotechnology providing for a necessary experience for the
Surther development. In addition,however, research and develop-
ment kasis has to ke prepared. However, for this it is necessary
to have a clear definition of the research and development

ftrateay tn order to concentrate available resources.

Tnese are tnen the ohjectives kapt in mind in proposin
tils study, the outline of which is »nronosed in the text., The

uld precvide for an nventory of

o i

and the present situation in the biomass produetion and procec-
a
n

the state of the cr: in the application of new technologies in
rreduction and processing should be given also providing for a
necessary technical and economie data for the subsequent ana-

lus

e

of possible development directions. Finally a Progran of
A

s
fetion should be defined.

The present outline for the study 1c made on the basis
of a project being realized by the Serbian Academy of Sciences
and 2rts in Yugoslavia. Therefore, it chould he directly appli-
ccble to European and Mediterranean countries. However, the
general avproach is valid for all countrics. Of course, depending
ow tne development level of a civen country, the outline could

e redified In details various levels of corplexity in

lcpendence nith the given cituation and availalle reans.
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1. EVALUATION OF RESCURCE

Biomass production tn a region depends on many factors
such as: elimatic conditions, avatilable land and its quality,
rlants being cultivated and animals being grown, methods of
cultivation, nutrient and enerau suppluy, ete. Kowever, under
the optimum cultivation methods and nutrient supply there i3
Ffor the gtven regicn an urper limit of biomass production
depending on avatlatle land, water and prevatling climatic
conditions. This upper limit, or potential biomass productivity
should be evaluated in order to be able to assess present
biomass production from the point of view of possible tmprove-

ments tn the future.

At the present stage of agriculturai and forestry
production energy input appears also as a limiting factor due
to the dependency of energy supply on defficient hydrocarbons,
mostly oil. It is therefore advantageous to substitute for
defficient energy sources by tndigenous renewable sources
whenever this 18 economically feasible. From this point of
view an evaluation of potential resources in renewable energies

-~ solar, wind, geothermal and hydro - t8 necessary.

A country or a region in question 18 mcre often than not
inhomogenous with respect to s0il eondition and prevatling
climate. It 18 therefore necessary to divide available land
area into subregtions with similar climatic and soil conditions.
Aetivities itnvolved are concerned with the evaluation of
rotential bioproductivity and potential inm renewable energy

sources in each of the subregions.




IMATE, LAND AND FIOPRODUCTIVITY
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1.1.1 Solar Radiation

Intensity and quality of solar radiation received are
among the most important parameters for the evaluation of
bicproductivity. Only a part of the solar spectrum between
the wave lenghts 380 to 710 nw 8 photosunthetiecally active
and the relative importevr~e of this part in the total amount
of solar energy received cepends on the ratio of direct to
diffuse radiation, i.e. on atmospheric turbidity, cloud cover
ete. On the other hand sclar radiation could be used for the

energu supply in different processes of biomass utilization.

It is therefore important to gather all available data
on solar radiation and its regional and seasonal distribution
and to review these data from the point of view of completness.
As avatilable 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 tmproved data collection, storage and evaluation.

Aetivities involved:

- = Data collection. Regional and seasonal distribution
based on statistical evaluation of following parameters:
- Total amount of solar radiation received;
- Diffuse radiation;
- Reflected radiat-on;
- Radiation halance;
- Spectral distribution of colar raliation or photosunthe-
tically active radiation;
- Duration of cunlight;
- Cloud cover and atmospheric turbidity.
- - Applicaticn of approzimate methods for the estimation
cf missing and incomplete data;
~ = Evaluation and mapping of regional distribution of
principal data such as total and photc ynthnetically active

radiation;




- = Frogramme For the Improvement in data collection, storage

and evaluation.

1.1.2 Climatie Conditions

Under suffieient nutritional conditions bioproductivity

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

ditions, the prineipal among them being water balance and

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

of plant growing period. Gathering necessary climaciec data and

their statistical evaluation on the regional basis is there fore

needed for the evaluation of potential bioproductivity. As
result available land should be divided

subregions.

a

in a number of climatic

Activities Tnvolved:

Data collectton. Regional and seasonal distribution of
statistically meaningful data of following parameters:
- Air temperature,
- Air humidity,
- Precipitation,
Potential evapotranspiration and water balance,
- Soil temperature,
=~ Wiud,

Other parameters of importance for the determination of
the plant growing period.

~ = Regional climatic analysis. Regional determinat-on of
elimatic types based on different climatic indexes such as
clobal humidity and continentality indexes, degree-day, and
durations of plant growing perioda, ineluding elaboration of
suitable mappings.

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

evaluation of available data on a regional basis should be
worked out.

== Programme for the improvement in the collection of
principal data, its 8torage and evaluation



The adequacy of nutritional conditions 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 occupancy for other uses such as habitats,
communieations, mining and industry, rivers and lakes, ete. A
part of the land might Fe or could be unsuitable due to chemical
ard rmcehanieal degradation. It ia therefore necessary to clas-
stfy available land regionally from the standpoint of bioproducti-
vity and adequacy for cultivation. An adegucte sustem of land

categorization should result from these evaluations.

Aetivities invloved:
- = Regional classification of land area frem the standpoint of:

- Occupancy tT.e. non-productive land,

Pedology, T.e. geologic and genetie structure,

- Configuration from the point of view of height, slope
and orientation,

- Chemical and mechanical degradation (air pollution, ferti-
lizers and pestictides, mining ete.),

- 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,
- Pastures,

- 4dgricultural arable land.
1.1.4 Hydrolegy

Hydrolocy of surface and ground waters could influence plant
producttvity and land availability both favourably and infavour-
ablu. In fZat—Zand’permanently overmoistured land due to high
ground water, seasonally overmoistured land due to poor permea-

bility of the ground and land exposed to river flooding are




.y,

restrieting land use. In igh-siope land configurattons floeod
crosion directly tareatens soil conservation. On the other

hand surface water avatlability is favourable from the poirt of
view of irrigation andcorresponding upgrading of land pro-
ductivity. In any case water conservation is important for

many countries and water quality coul. be endangered by ex-

tensive utilization of fertiltzers and pesticides.

Activities itnvolved:

- = 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,
- S0tl conservation due to erosion,
- Potential for irrigation,

- Exposure of ground water to chemical pollution.

1.1.5 Potential Bioproductivity

For a gtven culture, or family of cultures, potential
plant productivity depends on the solar radiation, climatic
and 8o0il conditions. Potential bioproductivity could be limited
by land eonfiguration as well as chemical, mechanical or hydro-
logteal degradation. It could be improved by the availability
of water irrigation. Actual productivity depends on the degree
of cultivation, directly related to energy, labour and capital
input. Comparison of actual and potential productivity is a

measure of land use efficiency.

Activities involved:
- Regionaliza.7 - of the territory in areas having

similar gsolar radiation und climatic conditions.




= Land categorization uith respect o sofl conditions,

land configuration, chericai, rectaonical and nydrological

=~ Review of different existing methods for the evalua-
tion of potential bioproductivity aiming at choosing a parti-
cular method most suitable for the predominant climatiec condi-
tions.

~ Evaluation of potential biopro.uetivnity in each region

and land category for forests, 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 tn greenhouses,
ineluding soil warming, drying of haw, frutts and grains and
anirmal husbandry, including water leating. Solar photovoltaic
electricity is potentially interesting for irrigation pumping,

depending on the costs of vhotovolteic modules.

Activities involved:

~ Assessments of energy needs at present and in the
Ffuture in the most promising areas of scolar energy utilization
in agriculture, such as: ¢reemhouses, crop drying and animal
husbandry as well as electricity needed for irrigation, especial-

ly tn areas where electricity grid extension s necessary.

- Regional characteristies of solar radiation parameters

necessary for the evaluation of solar energy utilization.

- Teehno-economic evaluation of typical solar installations

for most promising areas of utilization.

- Agsessment of possible energy supply from solar energy

which is economically Jjustified.

- Programme of research and development activities aiming
at wider solar energy utilization in biomass preduction and

processing.

1.2.2 Wind Enercy

Wind energy i1s already economically viable for the
irrigation pumping and otner electricity needs in certain

areas.
Activities involved:

~ Asgessment of the wind energy potential, including col-
lection of necessary data and regional mapping of wind energy

or mean wind veloeity.
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- Teeunical and econemie evaluation of tupical wind powver
rlants For irrigation nurmpIing ané.electrietity surply.

- Assessment of economically justijied potential utiltza-
tion of wind energy in different areas.

- Programme of exploratory and development activities.

1.2.3 Hydiroenergy

Mini- and miecro- hydropower plants could be very well
adanted for the supply of electricity for rural areas if avetl-
able hydro-potential exists, and especially in combination

with irrigation schemes.

Aetivities tnvolved:

- Assessment of the hudropotential of mini—- and micro
hudro power plants on existing rivers.

- Teehno-economical evaluation of small hydropower plants.

- Assessment of economically justified potential for
hudropower utilization in rural areas.

- Prograrme of exploratory and development activities.

1.2.4 Gzothermal Energy

Low srade geothermal heat (below €0 to 80°c) is already
Leing effectively utilized for agricultural purposes in a num=
ber of countries. Espeeially suitable for utilization are
crcenhouses, sotl wvarming 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.

Most of these are difficult to estimate without extensive
czploration efforts. Some kind of estimates are however necessary

to fustify these costly explorations.

Acetivities involved: ’

- ppeliminary assessment and reaional mapping of geo-
thermal resources and their principal characteristics based on
geological prospecting, natural geothermal sources and existing

explorations.

- Techno-economical evaluation of different utilization
schemes of geothermal waters in agriculture and animal husbandry

depending on water quality.




.

- Preliminaruy assessment of economically justified potential

o geothermal energy on the recicnal basts.

.
< te

use

0N

- Programme of exploratory and development activities aiming

at improved basis for the evaluation of potential geothermal energy

uses.
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2. EYISTING BIOMNASS PRODUCTION

The present biomass production in a given country is the
result of the historical development, cultural and social con-
ditions and the degree of development of the country. The asscs-
sment of the existing biomass production is necessary in order
to compare it with the potential bioproductivity evaluated in the
preceeding chapter. The subsequent analysis should be aiming at
explaining the difference by the dearee of introduction of modern
aagrtcultural, 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 prcduction a large amount of
residues is left over unused or more or less inadequately used.
Roughly the amount of residues is equal to the amount of biomass
used for food or industrial raw material. Therefore, the import-
ance of tne assessment of different residues and the adequacy
of their use at the present., It is believed that improvements
in use of residues and wastes could result in apprectable in-
crease in useful biomass providing also an additional energy

source often capable of substituting ,or deficient fossil fuels.

A rough estimate of the present uses of produced biomass
for food, industrial raw material and as an energy source, as
well as how much this production satisfies existing needs i¢
necessary in order to assess the importance of the improvements

in biomass production for the national economy.
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.1 TEOF RARMING
inaluysis of tne present crop preduction ts necessary for

the assessment of potential improvements through:

- adequate land use;
- increased productivity;
- energy economy; and

- potential use of residues and wastes.

It s therefore important to collect and analyse available
information on a regional basis on: crop cultures raised on dtf-
ferent land categories; their corresponding yields in function
of elimatic conditions and the application of fertilizers,
pesticides, irrigation, greenhouses, etc; direct and indirect
energy inputs; and the priduction and present utilization
of wastes. On the basis of the information collected an
adequate data bank should be established in the frame of

complex information system.
2.1.1 Land Use

Aetivities involved:

- For different land categories and climatie regions
defined earlier (Ch. 1.1.5) collect information on land
area cultivated by prineipal crop groups:

- cereals;

- vegetables;

- fruits;

- industrial plants;

- animal-feed crops;
as well as by principal crop cultures cultivated inside
groups. Also information on average land-piece areas are
necessary. Special attention should be given to land areas
on which catch crops and mized crops are grown.

- In addition collect information on land area:

- irrigated;

- under green-houses.



detivities 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 mized cropping and ecateh cerop growing;

- Commentary on the influence of selection and breeding

on average yields of different crops:

- Use of different fertilizers and nesticides per untit

area;

- Average quantity of residues and wastes per unit area

as well as their quality’energy content and possible uses;

- Different agricultural machinery and their average use

per year and per untt area;
- Crop yields in greenhouses and corresponding energy supply;

- Application of crop drying and corresponding energy supply.

2.1.3 Energu Analystis

Aetivities involved:

- Development of the adequate methodology of energy analysis
for different crop groups as well as for the application of
irrigation, green-houses and erop drying. The analystis should
inelude not only direct energy consumption in fuels for machine
drive, heating, and electricity, but also indirect energy con-
sumption in fertilizers and chemicals as well as in machinery
and buildings. Two levels of analusis are involved - a detatled
analysis of a number of different typical large farms as well

as a simplified analysis for principal crop cultures.

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

dology is being tested and preliminary data obtained.

- Preliminary energy analysis of principal erop cultures

involved.

- Preliminary energy analysis of irrigation systems, green

houses and erop drying.
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NG AND FISHERIES

Analysis of the present situation in livestock breeding
and fisheries 1is interesting from the point of view of land
use, assurance of animal feed, btomass productivity, energy
economy and possible uses 0s animal wastes. For this it is
necessary to collect, sort and analyse information on animal
feeding, animal husbandry, fisheries, product utelds and
aqvailable wastes. Data collected should form a part of a

data bank to be used in complex information systems

2.2.1 Land Use

Letivities invelved:

- Determination of land areas for pastures in different
land categories and different regions defined earltier with the

assessment of ytelds and quality of biomass produced.

- Determinction of land areas under natural waters and
arti‘ficital fisheries with corresponding ecatch o dti erenzland
v J g

.

other biomass, and equipment use.

2.2.2 Animal Husbandry and T{cheries
Activities involved:

- Regional distribution of number and structure Of
principal livestoek (cattle, pigs, sheep, poultry, horses, etc)
with the corresponding annual production of food and wastes,
waste uses, consumption of different animal feed and definition

of the type of shelter.

- Commentary on the influence of selection and breeding

on production.

- Regional characterization of livestock farms with
respect to the number of animals with the inventory of large

animal farm complexes.

- Regional characterization of artificial fisheries.

13/
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Inergy énalusis
Activities involved:
- Development of appropriatc methodology of energy analuysis
as applied to different livestock breeding in small and large
farms, including direct and indirect energy consumption and
potential use of wastes.

- Application of the methodology on the level of typteal
large farms as well as on the principal livestock breeding.

- Energy analysis of large fisheries.

|
|
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By far the largest amount of biomass is in forests. Bio-
mass productivity in forests differ very much over the world,
even for the same type o} jorest, and not only because of the
different climatic conditions 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
ecology and soil conservation. Finally, large amount of biomass

ig left unused in form of forest and wood residues.

Analusis of the present forest biomass inventory and pro-
ductivity is important for the assessment of adequate land use,
improved productivity, energy economy and potential use of

restdues.

2.3.1 Land Use

For the given land categories and climatic regions defined

earlier activities involved include:

- Inventory of forest biomass by major types of forests and
rrincipal forest cultures ineluding not only large forests but
also small private woodlands. The inventory should provide land
areas under different forest cover as well as the estimate of
the standing biomass.

- Inventory cf the land under forest cover from the point
of view of land ownership, average areas of the woodlands and
final use of produced wood.

- Commentary on the state of maintenance of the different
tures of forests.

- Inventory of the unused land, land under bushes cud
ahrubs as well as land which is being used inadequately end

would be better used under the forest cover.

2.3.2 Productivity of Forests

For given land categories and climatic regione activities

involved include collection of available information on:
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- Average annual biormass being cut for different tupes of
forasts tn function of the adequacy of forest maintenance. lare
siould be taken to define the quality of wood cut from the point
of view of wood parts (stem and othner), motsture and energy content.
- Amounts of forest biomass being used for different purposes
(lumber, pulp and paper, fuelwood ete.). Care should be taken to
include fuelwood cut in small private woodlands, as well.
- Average amount of forest residues (tops, branches, stumps,
roots) for different types of forest with the commentary on the
use of these restidues for different purposes (including thinnings).
- Use of different machinery for forest exploitation and

transrort.

2.3.3 Energy Analysts

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

ineluding direct and indirect energy supplyu.

- Evaluation of energy content of different forest biomass
products for different tupes of forects (stems, residues, etc).

- Regional and overall balance of forest biomass uses in
rmass and energy untits.

- Energy analysis of forest exploitation.




Paw 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
without further processing. Some industries, such as wood-industry
and pulp and paper industry, depend entirely on biomass while in
others biomass represents an apprectable part of raw material
supply. On the other hand biomass production and processing
depend on the supply of energy, chemicals and machinery. The
whole complex of biomass processing for final use 18 mostly
cutside the scope of the Cresent analysis. However,at least a
rough assessment and simplified analysts 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
rtent needs in food supply could be met by existing indigenous
biomass production. This goes also for the principal industrial
products depending in rav materials from the biomass production.
On the orher hand it is important to know to which extent indi-
agenous biomass production depends on the import of fertilizers,

fuels and mechinery with the corresponding influence on the

national economy. Finally, at least simplified overall energy
and matter balances of biomass production and processing are
important from the point of view of ti. assessment of biomass
betng left unused, as residues and wastes, as well as of the

efficiency of eneragy uses.

5.4.]1 Food

Activities involved:

- Food consumption

Speeial attention should be agiven to the consumption of
di fferent food commodities per capita and corresponding dietary
energy supply and nutrition quality.0f special interest 18
also proportion of unprocessed food supply as well as import

and export of different food commodities.

- Food processing
Attention should be given to biomass and energy input,

end product output and amoudt of residues and wastes in princi-




0f interest are also quality and posstble

well as a simplified energy ana-

- Animal feed: supply and processing

Attention should 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. 0f

interest are also import and export of animal feed.

2.4.2 Industrial Commodities

fettivities tnvolved should be concerned with the evaluation
0f tiomass and energy tinputs, end product outputs and amounts
e* corresponding residues ond wastes in principal industries
depending on biomass as raw material. 0f special interest are
wood, pulp and paper, textile, farmacentical and some chemical
industries. Quality and the present uses of residues and wastes

and simplified energy analysis are also of interest.
2.4.3 Energy

Attention should be given to:

- Direet 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 vrovide for the evaluation of consumption
of different fertilizers, pesticides and herbicides, ways of

supply as well as energy costs of these commodities




3. TOSSIPILITIES FOR INCREASEDR RIOMASS PRODUCTION

Inereased biomass production for the given land area could
be achieved either through better land use or by improved biomass
productivity. The task involves efficient management of avatilable
resources, application of new techniques and usually increased
direet and indirect energy input. It is therefore necessary to
conside?ﬁZZ%%omy together with possible means of increased bio-

mass production.

The aim of this part of the study is to:

:) Review possible means of increased biomass production,
arprepriate for the agiven land, currently Peing applied or
develored in the world, in view of expected ytlelds and corresponding

energy costs, as well as of necessary development efforts involved.

1

ii} Review corresponding research and development efforts
currently active in the country as well as indigenous potential

for starting new development activities.

iii) Pronose a priority programme of medium and long term

research and development activities leading to increased biomass

production, substantiated by expected gains and corresponding costs.
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3.1 IMPROVED LAND UZE

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 appropriafe land recla-
mation. Some land is inadequately used due to lack of water
or adverse environmental effects and its productivity could be
increased through trrigation or adequate en'ironmental control.
Yet another part of land is inadequately used due to tnefficient
cultivation methods or inappropriate cultures being grown. It
te necessary to identify all inadequately used land, propose ap-
propriate mzans of increased biomass production and evaluate

corresponding investments and enerqy costs.
3.1.1 Land Reclamation

Activities in question involve identification of land
that could be made arable by adequate means evaluate expected
biomass production and corresponding costs. In particular it

is necegssary to consider:

- Dratnage of permanetly and/cr seasonally overmoistured
land;
- Flood control;

- Prevention of scoil errosion.
3.1.2 Environmental Control

Inadequate water supply could be controlled by 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 land use. Raising biomass under greenhouses comes also

in this category.
Activities involved:

- Identify land susceptible to improved biomass production
through application of:

~ water conservation methods;

- irrigation;
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- Apply cppropriate energy analusis and evaluate expected
Liomass yields from such land with corresponding tnvestrent
and energy costs, taking into consideration possibilities of

renewable enmergy supply.

- Analyse possibilities of wtider arplication of green-

houses trrough appropriate energy analysis, taking into con-

By tradiation some orops 4are  ¢rown on iradegquate iland
e climate vhile come other crops could produce

better vields and therefore improve land use. Land use could

cftern be constderably improved by growing cateh crops in

cfterseason or growing mized cultures on the same land. Such

cpportunities should be identified and evaluated.
Aezivitics involved:

- Identify land areas on which inadequate crops are grown,
propose crop replacement and evaluate improved land use.

- Identify Zand areas suseeptible to growing but not
é N I3 b

groving eateh crops and evaluate possible improvements in

Licwass production.

- Review present pracivce 0f mized cropping, identify and

ra
P of

cvalucte possibilities i1ts wider application and corresponding

~rsets on Lland nsce.
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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 w.de new possibilities in this area
through genetzic engineering, in-vitro techniques, ete. How-
ever, basias understanding of fundamental processes, such as
phctosynthesis and plant phystologu, necessary for the defini-
tion of goals to be achieved by breeding and biotechnology is
still unsatizfactory and requires inercased research efforts.
rhis inecludes understanding of the resronse of plants to different
ronmental influences and behaviour of plants in communitties

he fields.

<
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In qll these areas tt 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 land and
climate conditions in question and identify prircipal activi-
ties already exzisting as well as existing manpower and equip-
ment resources on the basis of whkich new activities could be
initiated.

- On the basis of these evaluations propose a research
and development medium and long range programme with corres-

nonding requirements in researchs and funds.

2.2.1 Bastie Physiological Processes

Particular attention should be given to:
- Photosynthesis

Adetivities involved concern fhotosynthetic activity in
plants and its relations to environmental factors as well as
to differencies in 602 formation among specties and varieties
(04, Cq
of photosynthetic activities in plants by breeding or genetic

and CAM types) with the aim of possible improvements

engineering.
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Activities Involved concern p
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translocation, conversion and accumulation of photosynthate in
plants with the aim of obtaining higher yields of a certain crop
organ as well as of increasing the amount of useful components

converted into sugar, lipid or protein.

- Crop adaptibility to the environment

Difference in growth environment affects solar energy
conversion efficiency of a plant as much as the difference in
species. Aétivities involved concern physiological and ecolo-
¢ical response mechanism of plants agcainst the environment,

particularly termperature, with the aim of enhancing plant

adaptability.

3.2.2 Selection and Breeding

fetivities involved:

- Conventional dele. v and breeding

Inveniory of the present efforts in the region itneluding
recearch teams and equipment and the evaluation of the results
ackieved, in particular as it concerns different crops, per-
centage of harvested crop involved as well as programmes for

the future and zzvected results.

- Genetic engineering

Review c¢f the activities in the world with expected results
and possibilities of application of particular techniques in the
recion on the basis of existing research and development

potential.

2. 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 arrangements of leaves as well as effects of
sotl rmoisture and temperature the difference in growth exists in
function of the geometrical structure. Activities involved
include a review of activities in the world concerned with the

flow of energy and rmatters in different crop populations as well

as of the related existing or potential activity in the renion.
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Lately in-vitro techniques have produced spectcecular
results with some kind -lants. A review of this activity
in the world and in the country should be made giving results

achieved and crpected and a possible development programme.

L4/
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.2 IZNIRGY FECONOMY
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 avatl-
able and that adequate land cultivation is applted. These
processes are diprectly energy dependent. Finallu, mveh of what
is gained through better use and improved plant productivity
could be lost if adequate post-harvest technology is not
applied to conserve narvested erops. Post-harvest technologties,

rostly drging, TS also energy intensive.

Thus, suffictent energy supply is prerequisite for the
inereased biomass production. Moreover, by far the most of
the energy supply ts required in form of defieient, usually
imported hydrcecarbons for fertilizers and engine fuel. Ade-
quate efforts should be put therefore in the areas of energy
conservation and substitution of deficient hydrocarbons by

available, indigenous renewable energy sources.

The activities involved should therefore provide for:

- ppaluation of possibilities of energy economy 1in

most energy-intensive processes and technologtes.

- Epaluation of possibilities of substitution of de-

ficient hudrocarbons by indigenous renewable energy sources.

In this respect following areas are of particular interest:

.2.1 Fertilizers and Chemicals

(8]

Inerecsed crop ytelds are closelé linked to nutrient
(NPK) supply by fertilizers. As a congequence a substantial
part of the energy input in modern agriculture comes indirectly
through uses of fertilizers as well as pesticides. A part of
necessary nutrients 18 provided from the residues left in the
field or from animal manure, which could be also utilized for
other purposes by adequate processing. Different kind of fer-

tilizers are needed (nitrogen, phosphorus, potassium), the
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procuction ¢f waich Ts energy irntensive to a different degrec,
mestly relying onm enmergy surply ow petrolewr produsts. A Letier

management of fertilize upply as well as substitution of
b

o+

petroleum prcducts other sources could improve energy

[~

economy.

Activities involved should include:

- Analysis of the present use of biomass residues and
vastes for the supply of nutrients, including biotechnological

means for tmproved efficiency of such utilization.

- Analysis of the present use of artificial fertilizers
and echemicals, aiming at adequate management and possible

substitution of deficient raw materials for their production.

3.3.2 Biologieal Nitrogen ~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-fizing
microorganisms. Curtailment of artificial fertilizer consumt-
ion through efficient use of biologically fized nitrogen by
rmicroorganisms is therefore greatly improving energy economy.
iowever, biologtcal nitrogen fixation is still in development

stage.

Activities itnvolved should include a review of related
development in the world leading to a research and development
rrogramme aiming at the understanding of the interrelation
between microorpantisme and plants as well as at the increase
in nitrogen-fixzing capacity of microorganisms by biotechnological

means.

3.3.3 Sotl Preparation

Yost of the direct energy input into acriculture 15 used
in fuelling various machinery and in particular tracktors for
soil preparation. Activities involved are aimed at the evalua-
tion of number and size of different machinery, efficiency of
their use and corresponding fuel consumption per unit area of

arable land. An analysis of the rational use of machinery should

follow. In particular a review of advanced, less energy intensive
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meineda of se<l preparation sioculd-be-provided with corresponding
.
sucgestions on the posstibilities of their development and

3.3.4 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 conservation and substitutton of deficient energy sources

by renewable energies leading to wider and more efficient use of

post-harvest technologties skould follow.
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A large part of the biomass produced is left unused. This
goes for all kinds of agricultural and forest residues, animal
and municipal waste us well as for residues and wastes of various
industries, tn particular food-processing, wood and paper indu- .
stries. Restdues and wastes sttll have useful nutrient and
enercy content and at the present state of economy represent
a large potenttal of biomass whiech could be processed and used.
Precblems of their use come from inaprropriate knowledge of
eneragy and nutritioral characteristics of this biomass as well
as from still not well developed means of tieir collection and

-

precessing.

<

Changing trends in the world economy, marled by the neces-
sity of reliance on indigenous and renewable resources, influ-
ence the objertives of the biomass production from principally
a source of food and a limited number o, non-food commodities
to a more complex utilization for food, energy and raw mate-
rials. Some plant and forest cultures being so far neglected
cain itn importance with this change in objcctives. Therefore
a need of revalorization of some alternative biomass production
such as energy plantations or for other purposes. Again, problems
arigse with insufficient experience in cultivation, harvesting

and processing.

The otjectives of this part of the study are to:

- Identify all significant biomass residues and wastes,
evaluate their nutrient and energy content and assess possible

eolleetion rmathods.

- Ezamine possibilities of raising alternative crov and

forect species contributing to a better available land use

tirough a cormplex utilization for food, energy and rav materials.
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Residues and wastes 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 dome in a traditional vay and
often inefficiently so that reevaluation of the uses could
lead to better economy. Still, a large part is left unused so
that efficient ways of collection and processing have to be
developed cnd are being developed in many countries. These
develormente being costlu a ecareful economic evaluation of
Jifferent possibilities has to be performed on the basis of
nutrient and energy content as well as the value of end products

to be obtained.

Acetivities involved should concentrate on:

- Inventory of all agricultural and forestry residues as
wvell as animal, munieipal and industrial wastes on the bastis
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 wastes.

- Assessment of the economy of different ways of collecting
and transporting residues and wastes for the final processing.

Categories of residues and wastes to be considered are

eiven below.

4.1.1 Porest Residues

Tops, bark, roots and wood-shavings are often left over
after stems are taken away. Residues of forest thinnings are
in the same catecgory as well as residues of fruit-yards and
vineyards. Amounts of these residues have to be evaluated togethar
with their corresponding quality and cffieient ways of col-

lection and transport have to be assessed.
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Post-karvest residues in the production of cereals, vegetables,
fruits amd wines have an apprectable nutrient and energy content.
A part of these residues is left over an the fields retaining some
nutrients to the soil. Ancther part is used in animal husbandry
as feed or filler. Yet another part 1s used as an energy source
in pural areas. These traditional ways of utilization have to
be pe-evaluated. Quantities and quality of di fferent residues
have to be assessed and corresponding ways of collection and
transport have to be evaluated from technical and economical

standpotint.
4.1.3 Opportunity Crops

Apprectable land areas of some countries, mostly in arid
regions, are covered with natural vecetation tn 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 productivituy. An inventory of such natural
vegetation his to be made together with the evaluation of the
corresponding enercy content and possible ways of collection

and transport.
4.1.4 Animal Waste

Wastes in animal hushandry, espectally in large cattle,
pig and poultry farms, contain appreciable amount of nutrients
and energy. In addition this waste often presents serious
environmental problems. A part of thin —aste 18 heing used as
fertilizers. These ways have to be reconsidered from environ-
rmental point of view. Available amounts and quality of wastes
have to be evaluated for principal sorts of animals with due

consideration of the size of farms.
4.1.5 Wood and Paper Industry Residues

An appreciable part of residues in ihese industries 18

being used in many countries as rav material for further procec-

sing or as an energy gource. These uses have to be evaluated
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fror the efficiency stanlreint. Arocunte and gualities of all
reciiues have to he ovaluziad. .

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 antmal feed. Amounts and
quality of residues and wastes have to be evaluated together with

the existing wavs of uttlization at the present.

4.1.7 Other Industrial Wastes

Wastes in some other industries may also have appreciable
nutrient or energy content. Wastes in some . industries
represent considerable environmental hazard and corresponding
sewage has to be treated before disposal. Lately, biotechnological
vays of treatment with corresponding output of energy rich gases
are being employed. Potential resources in waste or waste treatment

of principal industries have to be evaluated for possible use.

4.1.8 Munteipal MYaste

Large amounts of biorass are found itn solid municipal waste.
In case of sewace bPiotechnoloatcal treatment 15 being employed riore
end riore. Correspvonding amounts cf weste and their energy content

have to be c¢valuated for the large municipalities and extisting

c~ well a8 possible ways of use assessed.
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IVATIVE BIOMASS PLANTATIORNSG
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In some cases biomass resources from spectally grown
energy plantations could be used for substitutton of fossil
fuel. Plants ¢rown for energy purposes require different
characteristics than plants grown for human or animal food
or industrial raw material. This leads to interest in alter-
native speeies which so far have not be cultivated on a larger

seale so that experience has got to be cained.

Special interest exists [or the biomass obtained fronm
alagal and cther aquatic plants, noi only for the energy supply
but also for the supply o, ,vod and industrial raw material.
This interest comes from theunusuall-high productivity of
aquatie plants which is several times higher than in case of
other plants. The experience with growing such plants 1is

sttll modest.
The aim of this part of the study is therefore:

- Inventory of alternative plants being investigated in
the world capable of being cultivated in the climatiec con-
ditions of the country in question with the identification of
available land areas for their cultivation, preferably unsiut-

able for other purposes.

- Review of the present state of the art in the develop-
ment of plantations of the plants identified as suitable from

the standpoint of expected nield and quality of products.

- Fpaluation of cultivation and hcorvesting means from the

technical and cconomic standpoint.

Speeial attention ghould be given to plantations of the

plants listed below.
4.2.1 Forest Plantations

Plants ir question should have considerably shorter rotation

period than conventional forests while having interesting enough

enercy content. They are wsually divided into two groups:




3,
3
2]
[
[\
[
(9 3
0
3

a

pepiar, hiren, larch, salix, etc.

o
"y
3
cl,
L)
]
(43
3
]
[\
1%
©
=
Q
Y
Q
5]

Special attention should be given to required soil condi-
tions, water and nutrients as well as to procedures of cutting

and collection of biomass.
4.2.2 Sugar and Starch Crops

Some plants of this kind, traditionally grown for food -
such as sugar cane, sugar beat or corm - have been used in some
countries to obtatn alconols as substitute engine fuel. In
such cases there s alwaus the question of food versus fuel.

In other countries less traditional plants such as turnip,
sweet sorghum, chicory or Jerusalem artichoke are being invest-
tigated for the production of liquid fuel. In some cases mized
ugse for fuel as well as ~ ~ food is being considered. An in-
ventory of all csuch erops should be made giving expected yields

[ under the climatie conditions in question.
4.2.3 01l and Hydrocarbon Plants

Veaetable 0il from some traditional or less traditional
erops such as sunflower, soybeans, rape, ete., could be used
as substitute For diesel engine fuel after apprepriate thermo-
chemical treatment. Some less traditional plants are capable of
producing some hydrocarbons, such as latex, whieh could also
be used as fuel substitute (Fuphorbia). An inventory of
such crops should be made with the evaluation of coresponding

yields under the given climatic conditions.

4.2.4 Aquatic Plants

Some marine and freshwater aquatic plants, such as
micro- and macro- algae, seaweeds and even reed, are capable
of producing yields of biomass which are several times greater
than in other crops. Interest in such plants comes also from
the faet that land areas under water, normally unused, could be
used for biomass production. In case of macroalgae biomass
production in waste waters or warm efluent waters 18 advantageous

go that double goal 1s achieved. An inventory of aquatie plants

capable of proiucing interesting nields 7n available wvaters

should be made.




5. RIOMASS PRACIDEIING
Conventional processing of biomass for food in alimentary
industries or for non-food commodittes in other industries such

as wood or paper tndustry is outside the scope of this study.

This part of the study ts concerned with:

- Processing of potential biomass described in the proceeding

charter;

- Konm-conventional processing of bitomass atming at a

ecompler utilization for food, energy and raw matertals; or

- Processing of biomass for energy in form of heat or

substitute for solid, liquid or gaseous fossil fuels.

Tpaditionally there ~»e two ways of processing biomass
for the above purposes: thermochemical or dry, processing and
biotechnological or wet processing. Lately progress in bto-
technology has led to new ways of processing in which solar
energy is more or less directly converted into useful end pro-

Cucts, sometimes called Solar Biotechnology.

Generallu speaking thermochemical processing s done with
the aim of obtaining energy in form of heat or fuel. However,
methanol, as a possible end product could be used also as a feed-
stock for chemical induztry. In case of biotechnological processing
energy 18 usually only one of the end products, other end
products being useful as food, fertilizers or industrial raw
material. Solar biotechnolocy, or direct photobioconversion
is more open as end products are conccrned and could be

£ .

designed in principle to satisfy any given goal.

9 »

Analysis in this part of the study should provide:

- A review of biomass conversion processes being developed
in the world and in the country with corresponding definition
of input biomass, end product quality, enerqgy balance and costs

involved.




.

- A selection of biomass processing routes in principle

promising for the conditions in the country in question.

- A coresponding programme of necessary research and
development efforts needed to implement technologies in

question.
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Wood and different forest, agricul tural,
and municipal solid residues and was

in stoves and

wood industry

te could be directly burnt
furnaces to produce heat for various uses.

they could be converted by diff
chemical means into upgraded fuels:

(producer and synthesis gas,

Alternatively, erent therme-~

solid (charcoal), gaseous
purolysis gas) onr liquid (bio-o0il,
methanol, phenols, heavy o0ils) for sub

sequent use eitther in
furnaces or £

or the production of mechanical ener

gy in engines
(gas engines, methanol).

Some liquid products could be used
Vegetable 0ils could al
substitutes for liguid fuels,
treatment. Thes

as chemical feedstoek. so be used as

after some thermomechaniecal
e thermomechanical proce
Stages of development and practical u
Processes such

S&es are in different
se. Some traditional
as burning of fuelwood op fome agricultural

have been in use for a long time,
efficiency.

residues, usually with low

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 qll
promissing vrocess

es and to evaluate all necess
subsequent economic assessment. It 75
establish the extent to

being used in

ary parameters
for also important to
which different processes
the region as well as to as

velopment and industri.

are already
5e83 research, de-

o313 for the development of thege
rrocesses.

Thermochemicnl convers

sion procenses of interest are
civen belor.

5.1.1 Direct Combustion

Biomass residues include fuelwood from natural forests

and forest plantationg; forest, agricultural and wood~industry

residues and nunicipal solid waste. Processes involved inelude

mechanical pretreatment (compac

ting, pellets, briquettes) and
furnaces for different uses. S

peeial attention should be given

to the evaluation of the efficiency of traditional us
ftoves and furnaces and nosa

ses in
thilities of their improvement.
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£.1.8 Gasification

Casification of relatively dry wood or lignocellulotic
material couid be performed with air in which case low—-BTU
cas is obtained, or with origen with the synthecis gas as
the end procuct. In case of casi fication with air spceal
care should be given to the elimination of tar (counter current
desian) if the gas 1is ue-~< in ¢cas engines for mechanical drive
or eleetricity production. synthesis gas could be further
rrocessed into methanol. Advanced pasification methods include

7

-~

also catalyst zasification at short residence time.

5.1.3 Phyrolysts

Traditionally wood is processed by pyrolysis to obtain
charcoal an upgraded fuel easier to transport which could be
bPurned or gasified. Efficiency of traditional processing 18
low as liquid and gaseous by-products are not used. An evalua-
tion of the extent and efficiency of traditional charcoal

production 71as to be made.

Modern processing Du pyrolysis of wood, straw and even
rubbish, with moisture contents up to 50, 15 done in kilns
with the end products constisting of charcoal, pyrolysis or
1{o-0il which could be burnt and pyrolynfs aas of medium

BTl eontent.

5.1.4 Liquefuection

An interesting procelure for ohtaining liquid uel hut
~ise cther raw chermicals from wood is wood liquefaction in
the presence of hydrogen and a catalust. In the integrated
process cellulose wield sugars vhich could be further treated
while lignin is depoloymerized providing monophenols. Some

otker heavy fractions also appear ar end products.
5.1.5 Vegetabie 0il Derived Fuels

Vegetable otils could not be used direcetly as fuels. llowever
with adequate processing by transesterification or eatalytic

eracking substitutes for diesel engine fuel could be obtained.

!
I
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In biological conversions of hZiomass the prineipal role
in the process ts performed by microorganisms such as bactertia

or yeasts.

Some biological conversions are as old as history, such
as alcoiolie fermentation. Alcohels obtained are used as
beverage but ncve been used as engine fuel as well as industrial
feedstock. For some time fermentation of biomass has been a
rmain source for some organtce actds mecessary in the industry.
¥ith cheap 01l petrochemicals have taken the market but vith
the rising oitl prices there is a renewal of interest for
alcohols as ‘uels and organic acids as chemicals obtained

from biomass.

In the process c¢f anaerobic fermentation or digestion
the main vroduct ts methane rich gas called biogas. Interest
in anaerchic digestion started with the possibilities of
disposal of environmentally adverse organic waste. However,
lately ticgas became interesting as an altermative energy
source escpectally as the residues in the converstion procecs
could be used as fertilizers or processed into animal feed.
Anaerobic fermentation is also a process esspecially suitable

for the conversion of high moisture content biomass.

Fermentation, neither aerobic nor anaerobic, could py,t }e
arplied to lignocellulosis materials such as wood or forest
rcstdues which represent the prineipal part of renewable
Liomass. Fven agricultural residues are not sutable unless
mized with animal waste. fowever, with adequate pretreatment
lignocellulosis material could be more suaceptible to ferment-
ation so that an appreciable research and development effort

78 oriented in this direction.

The activities tnvolved snould provide for a critical
review of all processes being developed in the world and
Leing of interest for processing of biomass available
in the country. Corresponding tecnnologies should be evaluated
Ffrom the technical as well as cconoric standpoint, O0f equal

“nterest is to assess the extcent of aprlication of corresponding




‘es 1n thne country as well ac the existing research

.

5.2.1 Biomethanation

Anaerobice digestion is a complex process in which
dilution of urban, animal or other agricultural or agro-industry
restdues and waste are hydrolysed and then subjected to fer-
mentation and methancg. 78 by microcrganisms. For each type
of biormass input there i3 an optimum ntxture of cultures of

rmieroorgant.srs to L

A ki
A3

high enerngy content gas obtained could

“

seheme to le arrlie

rce but also as an engine fuel. Liquid
residues could be used as soil-conditioner with good fertilizer
quality and solid residues could be used for further processing.
All these ways have to be evaluated for different types of

available inputs of biomass.

5.2.2 Alcotiol Fermentation

Fermentation of sugar crovs and molaszes into ethil
aleohol 1e a well established althouch somewhat energy intensive
rrocess mostly because of the energy required for distillation.
Ethanol produced could be used as substitute for engine fuel
Fut the process is of interest for only a few countries as
the biomass rzsourse required 7s usually needed for food.
Fermentation of starch crops like cereals, potato, ete.,
ig also a well eatabliched process although with similar

limitations regardiing vresourses. In addition this process

<8 even more energy intengive as hydrolucis pretreatment is
required so trat ecnergu cconomy 15 marvginal Tf by-products

are not fully utilized. Continuous Ffermentation based on

rodern biotechnologiecal rrocedures 78 advantageous in this
respect while only in development. Some less traditional erops,
1ike Jerusalem artichoke, involvinp butyl-acetone fermentation
into acetone-butanol offer sorme advantages regarding non-

competivness with food and Letter enc gy economy.




LN

$.2.3 Fermentation of Li:nocelZJZosic Yatertacs
Lignocellulostc materials present a great interest as
fermentation substrates for the production of substitute
liquid fuels due to large resourses in biomass. There are,
however,sertous difficulties in their use for these purposes
as pretreatment and kydrolysis techniques are necessary to
decorpose lianocellulosis into tastc constituents bejore
Ffermentation. Various mechantical, chemical and btochermical
pretreatment procedures are emplowyed before acid or enzymatic
hudrolysis, or saccrarification. Enzimatie hAydrolysis is
often emploved lately, ....olucing novel biotechnological
technigques like cell immobilization, as well. Solvent fraction-
ation into cellulose, hemicellulose and lignimn ..  aiming
only partly at fermentation to alcohols but also at obtaining

chemicals like furfural, phenol, ete. i3 also being used.
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Biomass production available for processing by different
techniques described previously is limited. Conventionally
grown bitomass due to tts dependencu onm avatilakle arable land
nutrients and rainfall and tts limitations in low photosynthetic
efficiency cnd climatie intermittency is at best capable of
satisfuing grouing food and traditicnal material demand with
only a smell part of the proluction kbeing available for con-
versions intc encrgy and other deficient raw materials. Better
utilizaticn cf residues and waste prevides for additional rav
Eiorass for prozessing, however, still nmot of the order requircd
for instance for a .enewable energy and raw matertal substitu-
tic

n on a largce scale.

Biotechnology tased on microbial photosynthests, or
Solar Biotechnology, opens possibilities of providing organtic
matter from minerals, COZ and solar energy on a scale to match
larae scale requircments in the future. Photosynthetic cells
- plants, microalaae and photosynthetic bacteria - in especially
designed photorecectors in controlled environment and supply
¢f energy and maierials —are capable of producing desired
organic material in form of food, chemicals or energy, so
far on a labkoratory scale. Continous culture and immobilized
cell technigues are being employed with different microalgae
ac vell as phototrphic bacteria depending on the desired out-
nut., Close to theoretical maximum conversion efficiency -,
sxpected. At the present energy balances are usually less
than one and the econory is sueh that only high value products,

sueh as polyzaccharides, are economically justified. However,

-
I

iere i1s a wide scope | the improverment of energy balance

and economy with further rescarch and development.

Aetivities itnvolved should provide for a review of the
state of the art and expected results in the world as well as
in the country with corresponding reconmendations of a rescarch

and development prograrme.
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€. DATA BANKS AVD SYSITEM ANALYSIS

There ts no doubt that tmproverments in resourae manage-~
ment and the aprplication of modern technologies, esspecially
those based on Jeveloprments in biotechnology, could result
not only <n the supply of more food, produced in a more ra-
tional way, hut also in the production of energy, raw materials
and even completely new products. As cwidenced by prececding
chapters there are multiple ways to aciicve these goals so
tnat a deeision making procedure has to be establiched. *More
cften thar. not deeisions are being made on the basis of
qualitative or simplified evaluations which practice has to lLe

avoided and replaced by appropriate system analysis.

There s no doubt, also, that positive results in the
application of modern technologies could be achieved only through
corresponding Ffunding of research and development efforts, from
the level of fundamental researeh to demonstration plants.
There is a wide choice in development possibilities and only

. .

a limtted amount of funds. It is, therefore, of utmost import-
ance that the deeisions are hased on rrover gsocial and econormic
eriteria, test available information and appropriate system

onalusis.

the result of analysis under preceeding chapters cf
this etudy a great nurber of different data should be collected

orming the initial hasis for a corresponding Information [y:i-
tem organized in a nurber of Data Banks. In general two tyne:
~f Fata stould be gatherel tovetier: lata on resourcesn wid
eurvent biormass rrocdiction and uscs and dota on Jd7[ferent
teennologien dealins v7th the production and the processing of
Liomacs, most of them beinag in the development stage . Collect-
ion of data in the first aroup has to re organized on a
nermanent basis. Data ia the second group have to be permanently
urdated allowing for the input of new available information.
The whole Information System has to be organized in such a

vay to make full use of available computational facilities

in the country.




Anaiystie oF the colleected lata sioull be malde in
cccopdance vith the conterporary state of the art of system
analysts. For this a framework of analutical tools has to be
developed. The level of thits analutical framework for deeision
riaktng vill depend on the ccuntry in guestion, complexity of
the system in question and the availakility of computational
equipment and skilled perzomnel. fowvever simple it should in-
corporate clear de inition of aoals and criteria as well as
of all steps tn precess of deeision raiing and saould make

use of best available tnlormation of tacinical as well as

economic nature.

Full development of both the Information System and
the Analytical Framework would reguire a lead time outside
the time norizon of this study. However, the prineipal goal
of the study being a first step towards a Program of Action,
both sustems should be developed to a stace allowing for

First approximation decistons to be made.

Therefore, objectives of this part of the study would
be: .

- Ccnceptual design of the Information System with its
develorrient to a stage of handling data collected during

the study.

-~ Conceptual design of the Analutical Framework and
its development to a stage allowing for the decision making

rrocedure aimed at the Draft Program of Lction.

= Iraft Program of Action tracing principal dirccetioris

o rescarch ond developrient activities.
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Activities involved are concerned with the conceptual

destgn of a complex Biomass Information System involving:

- collection and renewal of relevant data on a permanent
basis; and
- Storage and sorting nforration in corresponding

g of ©
data banks easily accessilhle for subsequent analysis.

Kithin the scone of this study Information System shoul.l
be capable of %wandlin~ ~ll informaticn nathered during the
study so as to allow uce of the date analysis. In addition a

program of activities should be de’ined leading to the reali-

zation of the Biomass Information System in accordance with

<

the conceptual design.

Information of interest could be arouped in the vay

gtven below.

6.1.1 Resources

Includes relevant data on a regional basis, on:

- Climate, solar radiation and other climatie data des-
ertbed in Ch, 1.1.1 and 1.1.2;

- Hudrolopy, data deseribed in 1.1.4;

~ Penewable sources of eneray, data relevant to uaes
c¢f solar, wind, hydro and geothermal energu as deceribed in
1.2.

As ail these data are usually collected and nandled in
already existing nydrometeorological cervices use of thesne
data could be organized in formas of links with already exicting

sustems.

.

However a special interest eriots in a complex Land
Resources system which would synthetize relevant data on
available land, soil conditiona, climate and resulting potential
bioproductivity as deseribed in Ch, 1.1 ond in particular 1.1.5.
The available territory should be divided in a given manner

into a certain number of cells for --ch of which relevant data

will be stored in the suster.




Ineludes all relevant data on existing biomass product-

ion on a regional basis on:
- erop farming (2.1),
- livestoek Freeding and fisheries (2.2),
- forestru (2.3), and

- final uses (2.4). e

These Jdata are alco usually collected and stored in

corresponding services so that apprronriate links could be
organized.

liere again a special interest exrists in a complex Land
Use system, corresponding to the described Land Resources
system, in wvhieh for each of the unit cells of the tzrritory
relevant production data could be stored for a given time

horizon.
§.1.3 Production Technologies

Ircludes relevant technical and cconomic data on
technologrzs leading to increased biomass production, nceded
for the evaluation of these technologies. These data should
e permanently up-dated by acquisition of new information.

These techniques could be grouved in the following way:

- Land use, including land reclamation, environmental
control, etc.;

- Land zultivation, tnecluding soil preparation, use of
Fertilizers and pestictdes, ete.;,

- Plan productivity, inecluding selection and breeding,

in-vitro techniques, ete.

6.1.4 Biomass Processing

Two kinds of information are involved, those concerning
nutrient and energu content as well as production costs of
various biomass to be procesgsed, including non-traditional
cultures, residues and wastes, and those concerned with
technical and economie data o/ proanible processing tecnno-

logies, necessary for their evaluation.




A conceptual design should be provided of a framework of
anclytical tools needed in the process of evaluation of different
available possibilities and subsequent decision making. The
level and the complexity of this framework will depend on the
existing situation in a given countru. It should include:

B

- Prevision of future demands in food, mon-food commoditie:
end enery as a necessary basts for the definttion of goalc and
e¢valuation ceriteria;

- Modelling of different sustems, such as agriculture,
di

o

gro-compler or energy, on Fferent levels from the whole
a

ountry to stingle large Farms;

Q

- Optimization ana ~tsion making procedures.

A development program leading to the realizattion of the
Analuytical System suitable for the country in question should
te well defined. Within the scope of the studu, however, it
i8 necessary to arrive at certain decisions concerning future
activities. Therefore, conceptual framework envisaged should
be erployed at a certain level in the process of decision

makine. Within this framework a certain number of analysts

chould be performed and the results presented.




6.3 PROGRAM OF ACTION

The final results of the study should be presented in

the form of:

- Critical analysis of the present biomass production
within the frame of existing rotential resources and in
comparison with advar 7 biomass production systems.

- Program of Action defining principal directions of
posstble developments and corresponding requirements in

manpower, tnvestments and research and development efforts.
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