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Editorial 

Availability of requisite quantities of energy for basic human needs is vital for 
sustaining a quality of life which is dependent in turn on quality and quantity of 
available energy. Mundane needs like cooking, lightmg and space heating etc. 
require energy in the domestic sector and likewise water lifting, agro-processing, 

construction of houses, roads, field-channel, industrial prime movers etc, in the 
productive sector , consume energy. High quality commrrcial energy ltke electricity, 
cooking gas and fuel oils are largely available to the urban areas whereas the rural 
areas get a proportionately small share and have to contend with non-commercial 

fuels like agrowastes, forest ry residues, cattle dung and fuel wood (which is increas

ingly becoming commercial). It would thus be seen that the standard of living, as 

also tbe purchasing-power, has a strong correlation with energy consumption level. 
It is also true that even if there is abunda11t commercial energy available it could well 

be outside the purchasing power of poor households. The problem is more acute 
in rural areas because tho productive sector suffers from low productivity due to 

inadequate infra st ruoture as "ell as insufficient energy supplies. Community 
facilities like hospital, schools, transport, servicing and repairs facilities in rural areas 
which too demand their own share of energy suppl ies, are also at a fairly low level 

as compared to those in cities and town~. These two problems, bave affected rural 
productivity and purchasing power setting in process a vicious circ1e where low 
purchasing power restricts sufficient energy availability (for basic needs) and vice
versa. It is a happy augocy to note that Planning Commission, Gov,., of India is 

siezed of this p roblem and some efforts arc being made to tackle it through t he 
Integrated Rural Energy Plan under which 224 Community Development Blocks 
have been covered so far in the country. Though the programme of I. R . E. P. has 

only made de mostration of some energy conserviog/ renewable energy tc:choolog,es 
like efficient chulha, Solar Street lights, Wind battery chargers, etc., 1t is yet far away 
from making a sizeable impact on meeting energy supplies at household level. It is 
now increasingly felt that in order to achieve this, particularly in tbe backdrop of 
the foregoing analysis, energy projects of any kind alone will not be able to tackle 
the problem. They will have to be judiciously integrated for household and for 
p roductive activities. Micro level plans will have to be developed for integrated 

development of villages wherein self-reliant and sustainable productive systems will 
have to be evolved which gradually increase household income and purchasing 
power and assure adequate energy supplies within the economic reach of the rural 

households. Many village development sithemes and project abound in the govern
ment and voluntary sectors both. There are also isolated success stories. But there 
are two main problems-one the m1>del and pt1ce of economic growth in most of the 
so called successful cases is not fast enough to elevate the household-economic for 

provid ing a reasonable standard of living and secondly it is not replicable even in a 

micro-region. le is therefore incumbent upon the planners and thinkers, m Govern

ment and Voluntary Sectors both, to design such a viable models and pilot them 

throughout various regions and sub-regions of the country on war footing. For we 
should not forget t hat socio-ecouomic gro wth as well as distributive justice in the 
rural areas, if not tackled in such a way, T he presently escalating tumult of the 
country side will go out of hand. It has already reached alarming proportions. 
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Article/Paper 

BI OGAS GENERATION FROM BIOMASS 
RESIDUES - AN OVERVIEW 

Mahendra P. Sharma 

A lternate H ydro Energy Cent re, University of Roorkee 
Roorkee 247667 (U.P.) India 

This paper deals with biogas generation, factors affecting anaerobic diges
tion process, types of biogas plants, starting of a biogas plant, precautions to be 
followed during start up and the use of digested slurry as fertilizer. Emphasis 
is laid on augumenting cattle dung with biomass based Jeedstocks for biogas gene
ration. The work done at AH EC on this aspect is dealt briefly. 

INTRODUCTION 

In recent years, there has been an increased inte· 

rest in tbe development of technologies for barnes· 
sing renewable energy sources. Biomass in the 

form of o rganic residues, constitutes a major 

source of eoergy among all renewable sources i.e. 

Hydro, Wind, Solar, Geothermal etc. Crop, forest, 

domestic, sewage & municipal solid wastes & in

dustrial effluents are some of t he biomass residues 
available for b1ogas generation. Tbermocbcmical 
as well as biological methods can be used to pro
duce energy from such residues. O11e of the bio
logical processes i,e. Anaerobic digestion ot organic 

residues bas received a new fillip in recent years 

since t he energy cr isis of early 70' s, especially 

following the recent Gulf War. The product of 

anaerobic digestion is a fuel gas "Biogas'' consist· 

iog of mixture of methane & carbon-dioxide, while 
t he effluent slurry is a fertiliser. In India, the 

work on the development of biogas plants using 

cattle dung was initiated by the Khadi & Village 
Industries Commission (KV JC) as well as the 
Gobar Gas Research Institute, Ajitmal & led to the 

development & commercialisation of K VIC (Float-

ing dome) design & fixed dome Janta design. A 
number of both family & community size biogas 

plants have been installed t hrough state & central 
agencies under National Biogas Programme as well 

as the programme lamicbed by Department of Non
Conventional Energy Soun:es, Govt. of India. 

This paper attempts to discuss briefly the principle 

& microbiology of biogas generatio11, types of bio
gas plants, starting of biogas plants, precaution to 
be adopted while running the plants & further 
scope of crops and forest residues in biogas pro• 
duction. 

PRINCIPLE OF BIOGAS GENERATION 

Anaerobic digestion of complex organic residues is 
a multiphase biological process brought about by 
t he integrated action of a beterogenous population 

of micro-organisms. Four distinct tropic groups 

with clearly defined & different carbon metabolising 

fuuctions have been recognised (Fig. 1). 

Although, the multiphase nature of digestion is 
now widely acc.:epted, the complete process is often 
considered to consist of two main stages 1 (I} A 

Hydrolytic & fermentative stage & (2) a metbano-
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genie stage. Io tho former stage, organic poly
meric compounds are metabolised by hydrolytic & 

fermentative micro-organisms to a complex mixture 
of volatile Acids, neutral compounds & carbon
dioxide. The co-ordinated activi1y of the second 
stage bacteria, the obligate proton reducers, the 

acetogens & the methanogens, subsequently con
verts these products to methane & Carbon dioxide 

(Collerao Emer, 1980). 

The heart of the anaerobic digestion process is the 
microbiological conversion of the organic consti
tuents of wastes to methane. The chemistry, in
volved, for any geoeral waste carbohydrate mate

rial, may be represented by the following genera

lised equation : 

Cn Ha Ob + (4n-a-2b)/4H2O 

• (4n-a+2b) /8CO1 + (4n+a-2b) / SCH., 
... (I) 

MICROBIOLOGY OF ANAEROBIC DIGES· 

TION 

Anaerobic digestion has been described as a three 
step process in which complex organic materials 

are converted to end products of methane & car

bon-dioxide (Fig. 2). Groups of micro-organisms 

are responsible for this conversion. The first 
group of organisms is collectively known as Acid 
fonners or Acidogens. These bacteria convert 
large molecules such as proteins, starch, cellulose 

into organic acids. The organisms performing these 

steps are both anaerobic & facultative in nature. 
The last step is the conversion of t hese acids to 
methane & col which is performed by a group of 

organisms collectively, called methane former or 

methanogens which are strict anaerobes, because, 
methauogcos grow more slowly than acidogens. 

Hence the for mer process is termed as rate limit
ing step. The pathways by which this overall re

action occurs is shown in fig. 3. For every mole 
of glucose utilised, 3 moles each of methane & 3 

moles of CO1 are produced (Konstandt. 1976). 
For other substrates, the proportions of CH., & 

co. produced are different. For example, the 

conversion of proteins yields a mixture with 75 % 
C H.,, while conversion of fats yields a gas mixture 
with 70% CH.,. Thus, conversion of a complex 

substrate yield a gas which is typically 50-60% 

CH ., & 40%-50% CO2 • 

TYPES OF BIOGAS PLANTS 

A large number of small d igestcrs have been built 

in India, China & Taiwan, but it is not certain 

how many of them are runnmg or running effi
ciently. The Indian digesters are based on the 

design of J. J. Patel. The design was developed 

under th<: patronage of K VIC v. hich has also been 
instrumental in the spreading of digester techno· 

logy, although other agencies are also concerned 
with this technology. 

K VIC MOVING DOME TYPE 

A typical biogas plant is a brick lined cylinder 

constructed under the earth, with a wall dividing 

the cylinder into two & with inlet & outlet ports 
leading to the bottom ol the tank. The top con

sist of a gas storage dome floating in the digesting 

slurry or a separate water channel. Stirring may 

be accomplished by convection current & gas circu· 
lation in the digester slurry & by a paddle attached 
to the gas holder. Tbe rise & fall of the paddles 

break up the crusts. Else the holder can be moved 

backward & forward by hand at intervals to break 
up the surface scums. The gas is taken out from 
the top of the dome via a flt:xible pipe to short 
runs of rigid piping leading directly to the gas 

burners, Condensate pots in the gas lines are 
recommended. 

The feedstock is usually cattle dung and/or human 
excreta. Here the digestion is slower than in the 
heated, stirred & high rate digesters & detention 

times of about 50 days appears to be common. 

However, there are variations, particularly, as the 
diets of the animals are often poor. Gas produc-
tion per animal could be less in the case of poorly 
fed animals. A family size plant is of generally 

2 m8 size, bigger plants are more viable & are sui

table for institutional use. 
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JANTA TYPE (CHINESE MODEL) BlOGAS 
PLANT 

Digesters of Janta type are built underground with 
a gas reservoir of fixed volume and hence, the gas 
pressure varies. While constructing the digester, 
attention is paid to making the whole digester 

water and gas tight by applying layers of cement 
or mortars of various types. Loading is done by 
hand down one side pipe and unloading is done by 
a bucket up the other pipe. Loading in such plants 
must be regular and the timetable for loading, once 

decided upon must be fo))owed strictly. As the 
digesters are climatically heated, gas production 
varies with season and locatior, of tbe digester. 
As there is no stirring, some scum formation might 
be expected. Users are therefore, required lo 
watch the U-tube manometer on the top of the 

digester and to make sure that the pressure is bet
ween certain marks belore using the gas. 

Another most common design has a top built with 
~ skirt which aots as a gas bolder in the same ~ay 
as in the gas domes of the Indian designs. The 
skirt projects either below the digesting sludge or 
into a separate annular water trough to form a gas 
seal. As tbe gas is produced and utilised "the float• 
ing top" rises and falls to give varying volumes of 

gas at a constant pressure (6-11 in.:b WG), which 
allows for piping the gas to the site of use, for ex
ample in the burners or engines without complica
ted pressure valves. Even if t he digester top is 
float ing in the digesting slurry. little gas is lost from 
the annular spaces, as the slurry here tends to crust 
over or become covered with rain water and there 
is very little microbial activity. 

FACTORS AFFECTING DIGESTER'S PERFOR
MANCE 

Stirring l 

Stirring ensures that (i) the digester contents re
main relatively homogenous (ii) input is mixed into 
digester and (iii) the digester contents have an eve~ 

temperature throughout the digester. Stirring is 
also necessary for removing the surface scum form

ed owing to the presence of solid particles of vari-

ous sizes and densities in input slurry as well as 
lighter particles of fats and oils (e, g. in domestic 
sludge which floats to the top. 

To prevent floatation and settlement as far as poss

ble, mixing systems are provided for up and down 
circulation of the digester content to bring about 
surface turbulences as well as to enable the heavier 
particles to float to the top. 

Basically, there are three methods of mixing and 
several types of mechanical setups. While it is 
possible to mix a small digester by means of one or 
more paddle or flat blade turbine stirrers, it 1s 
almost impossible to mix a large volume of thick 
sludge by this method. In such cases, a suitable 
stirr ing mechanism may be used, which results in 
considerable enhancement of biogas production. 

SOLID CONCENTRATION 

A solid concentration of 8-10% (w/v) has been 
recommended as optimal for rapid generation of 
gas. A higher concentration retards gas produc
tion, while low concentration results in lower gas 
production owing to lower loadings at optimum 
retention time. Since biogasification process is 
microbiological in Dature, the solids in the input 
slurry influence the n;ixmg of micro-organism with 
organic substrates fed to digester. 

DETENTION TIME/RETENTION TIME (RT) 

The duration for which a particular portion of the 
feedstock. added to the digester system remains in 
the digester is known as detention or retention time 
(RT). The RT of the system expresses the volume 
of fluids in the reactor/volume of fluids passing in

to and out of the reactor per day. The retention 
time of the existing biogas plants is usually 55 days. 
However, maximum gas production occurs within 
the first four weeks and decreases gradually. The 
volume of gas produced per unit waste increases 
rapidly with increase in retention time upto a 

threshold point. The relationship between the 
volume of digester (U) and retention time (t) has 
been worked out (Eq. 2) (Chan and Pearson, 
198 I ; Sarkar, 1982). 



U= 

where 

c(l+D)tf 
yd 

(2) 

c is the desired capacity of plants (cu. ft. of 

biogas/day) ; 

D is the weight of water added to the unit 

weight of wet dung ; 

t is tbe temperature of digester contents ; 

f is tbe fermentation period in days ; 

y is tbe yield of gas/ unit weight of dung ; and 

d is tbe density of dung-water mixture. 

The equation shows that U is proportional to tf /y 

and tbat increase in temperature of digester con

tent within a certain range reduces the RT and 

increases the gas yield. A longer RT would need 
a bigger digester involving much financial involving 

much financial investment. Therefore, an opti

mum RT of 55 days is suggested. which would 

balance the cost of construction of a larger diges

ter against t be value of add i1ional gas produced. 

REACTOR LOADING RATE 

The reactor loading rate is the rate at which orga
nic was1e is supplied to the rear.tor volume. It is 

related to RT and percentage of organic matter in 

feedstock as shown in eq. 3 ; 

% organic matter in feed 
Reactor loading rate(%)= RT 

... ... (3) 

Thus, the reactor loading rate can be increased at a 

given RT by feeding more concentrated slurry 
of organic matter or at a given percentage of orga

nic matter by shortening the RT. At high loading 
rates more CH.,/ volume of reactor is produced but 

Jess CH., mass of feed because of less percent of 

Volatile Solids (VS) destructio11. Lowering the 

loading rate will result in an increase in perce11t VS 

destruction, but less CH.,/volume of reactor is 

p roduced. 

TEMPERATURE 

With mesophillic flora, digestion is most satisfac
tory at 30°-40°C while with thermophiles, the 
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optimum temperature range is 50°-60°C. The 

temperature to be used is influenced, essentially, by 

climatic considerations. In general, there is no 

thumb rule, but for optimum process stability, the 

temperature should be carefully regulated within a 

narrow range. Sudden temperature changes can 

disrupt the me1haoogens. Once the bacteria are 

adapted to a particular temperature, this should be 

controlled as strictly as possible because efficiency 

fall, if bacteria are subjected to above sudden tem
perature changes. Hence, tbe gas production goes 

down during winter. In such cases. or in billy 
areas, it is a common practice to bury the digesters 

in the ground, because 01 the insulating properties 

of the soil. Green house covering can also be used 

if the digester is not buried. Costs can be mini• 

mised by using natural m21terials such as leaves, 

saw dust, straw and the like which are composted 

in batches in a separate compartment a round the 

digester. Alternatively, solar heated water may be 

circulated through coils embedded in the digester 

itself, to maintain the desired temperature w11b t he 

achievemem of maximum gas production (Reddy 
et al., l 979). 

pH 

A pH of near to 7.2 is required for nor mal opera

tion of a digester and is a favourable medium for 

the growth of metbaoogenic bdcteria (Ghosh and 

Klass, 1978). Once the digestion process sets in, 

the pH reaches neutrality and the entire suspended 

slurry becomes buffered, If the pH of the digester 

falls o wing to excess charging of digester or by 
some other means, the digester should be tempora

rily emptied of d igested slurry followed by recharg
ing with fresh organic substrate & seeding medium. 

C/N RATIO OF FEBDSTOCKS 

The ma intenance of optimum microbiological activity 

in the digester is crucial for gas generation and is 

related to the availability of nutrients. The two 

most important nutrients or carbon and nitrogen 

and a critical factor for raw material is the overall 

C/N ratio. Domestic sewage and animal and 

poultry waste are examples of N-rich materials that 

provide nutrients for the growth of anaerobic 



organisms. N-poor materials like green grass, 

straw are rich in carbohydric substrates lhat a re 
essential for gas production. In practice, it is 
important to maintain a C/N ratio close to 30: L 

(by wt.), which is essential for an optimum rate of 
digestio n (Stout. 1979). The C/ N rat io can be 
manipulated through combination o f materials that 

are low in carbon with those that are rich in nit· 
rogen or vice versa. Excess N in hibits bacterial 
growth due to NH3 formation. Toxicity due to 
NH 3 can be remedied by adjusting the C/N ratio 
of animal wastes by adding shredded biomass 
residues hke bagasse or straw or by dilution. 

COMPOSITION OF FEEDSTOCKS 

Biogas can be generated from sewage sludge, food 

processing wastes, crop residues, animal wastes, 
kelp & aquatic plants. Among the various non
cumrnerc,al sources, biomass 1s important because 
of its potential to get converted mto various energy 
forms. The major consrnuents of crop biomass 

residues, that can be effectively used as feedstock 
for biogas plants, are cellulose and lignin. Biogas 

production is greatly dependent on the substrate 

and the period of digestion. The reported methane 

content in biogas from go bar is bet" een 55 and 

60%, the rest being mostly CO2 • Ono possible 

way to increase the availability of hydrogen is to 

use easily digestible volatile solids. These divert 

more car bohydrate intermediates into methane 

rather than CO2 • Studies for determining the 

potential of various cro ps & forest residues for 

biogas generation, conducted at AHEC, have shown 
t hat methane content in biogas is as much as 72% 
indicating tbat feedstock characteristics affc::ct tbe 

biogas generation considerably and result in the 
enhancement of qua11tity as 11 ell as quality of t he 

gas. 

In any anaerobic digestion process t hat is not inhi· 
b1ted o r kinetically limited, two major factors a ffect• 
ing methane yields are feedstock composition & 
characteristics. Biodc::gradable organic compounds, 
e. g. fats & proteins produce Ii higher percentage 

of methane than oxygenated compounds such as 
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sugars. The ultimate CH~ yield is influenced 
prioc1pally by the biodegradability of organic 
compounds. Certain natural o rganic compounds 

such as lignin are inert/ passive to dc::composition 

undc::r anaerobic cond itiuns even at longer residence 
Limes. The refractory property is related to t he 

lack ol enzyme to carry out initial hydrolytic 
reactions. h bas also been establisbed that certain 
compounds can complex with others rendering them 
resistant to anaerobic digestion. i.e. J1gnin affects 
cl!llulosc decomposit1on. A variety of pbys1cal, 

chemical & biolog1cal treatment techniq ues are 
being ev.:1luated to improve biodegradability. Since 
most of the pretro::.:1tmcnt techniques developed are 
for the conversll.)n of biomass to ethanol, the appli
cation of these methods to anaerobic digestion has 

been minimal & needs further invesugatioD. 

NUTRIENT CONCENTRATION 

T he net growth 01 microbial cells is directly related 

to the concentration of nutrients, e.g. C, N, P, S, 

alkali metals, etc. Cattle dung, however, contains 

a sufficient amount of nutnents which may not be 
the case for many other biomass/ waste materials. 

Space and McCarty (1964) observed exceptionally 
b igb rates of acetate utilisation as a result of the 

add it ion of Fe, cobalt and thiamine. K han and 

Taoitier (1971) stated that a sulphur source of 

about 0.85 mM concentration in the form of So.,-•, 
thiosulphate, sulphite, cystinc or methonine is es
sential for the degradation of cellulose to methane, 

since sulpbur for forms an integral part of Ferro• 
doxin and co-enzyme M. 

Tbe addition of Phosphoric acid at a concentration 

o f 2.24 g/ kg of slurry of fresh manure, bas been 

found to be effective in enhancing the biogas 
generation (Lanyon et al., 1985). 

VOLATlLE ACID CONCENTRATION 

The volatile acid concentration in the input slurry 
should not go beyond optimum 2000-3000 mg/ litre 
beyond which methane formation drops. The 
excessive volatile acid formation is caused by high 
loading rates, sudden drop in temperature & scum 



formation . Alkaline chemical e. g. Ca (OH)2 , 

NH~ OH are needej to over come ex.essive acid 
formation . 

STARTING A BIOGAS PLANT 

T here are basically two methods of starting a diges
ter either with or without an inoculum or seed 

Animal waste does not need any inoculum or seed
ing, because the waste contains necessary bacteria 
which may not be in correct numbers while vege
table, crop, forest & factory wastes need an inocu· 
lum for smooth ruonmg of a digester. Before 
filling the digester with feedstock, the d igester 

should be ch.:cked fo r leakage by filling it with 
water and observing the drop in level. Toe leakage 
should be first plugged with cement. The gas 

leakage from gas holder/fixed dome at various 
points must also be checked and rectified. The 

plant is now filled with feedstock-water slurry 
prepared to the required level. T he seed mg of the 
digester involves the use of an adequate population 
of both t he acid-forming and methanogenie bacte

ria. Active digesllng sludge from a sewage plant 
constituLes 'ideal seed' maLerial. As a guideline, 

the seed material should be twice t he volume of the 
fresh manure slurry during Lbe start up phase with 
a gradual decrease in addiLion over a three Y.eeks 
period (Da Silva, 1981) . T he growth of methano

gens, and hence gas production, is often inhibited 

by overloading, low pH and fluctuations in tempe· 

ratures. The slurry must also be seeded properly 
if crop/vegetable wastes a re to be used. T he 
digester should be completely filled in a single time 

filling or filled in a minimum possible time, so that 

t he gas generated will not escape into the atmos· 

phere. To start early generation of biogas, a 
sufficient quantlly of fermented slurry from a plant 

already in operation should be added. 

After filling, the digester is allowed to remain in 

that state for 25-30 days during which period the 
fresh slurry gets digested to produce gas at normal 

level till the gas burns with a blueflame, Prior to 

this. a ll the gas is vented to t he atmosphere to avoid 
any explosion due to the presence of oxygen in 
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biogas. After the formation of inflammable gas, 
the daily fe~d ing of the plant should be stnrted with 
a slurry of desired proportion of feedstock & water. 
During daily feeding, t he gas outlet a t the top of 

dome gas hulder should be kept opened & closed 

after the feeding is complete. After the steady 
state is reached, the plant starts operating at its 

rated capacity. A water seal may be provided in 

the gas piping to remove periodically the condensed 
water from the pipeline. 

PRECAUTIONS 

The following precautions must be taken during t he 
operation of a biogas plant. 

( I) Excessive presscre build up inside the digester 
should be avoided, as 1t may cause excessive 

expulsion of slurry and gas release from the 
sides of the digester. 

(2) In ha lat ion of t he biogas must be avoided. 

(3) In the case of K VIC design, the scum formed 

on the surface of slurry must be broken by 
rotating the gas holder. The sides of the gas 
holder must be cleaned with water at least 
once a week. The gas bolder must be co ted 
with red oxide pa int followed by bitumen 
paint after complete drying of t he primary 
paint. 

(4) The gas burner cock must remain closed even 

if the gas supply is cut off from the plant. 

USES OF DIGESTED SLURRY 

T he spent slurry obLained from the b1ogas plant is 
a good fertilizer. T he digested slurry may contain 

lignified fibres which are anaerobically undegrad· 

able or are only slowly degraded by anaerobic 
microorganisms. The fibrous m11.terial has itselr 
no or little value in terms of fertiliser (N,K,P), but 
acts as a source of humus and as a soil conditioner. 
T he chemical co111position of t he outcoming slurry 

is Nitrogen (1.5% as N). Phosphorous (0.4% as 

P2 0 6 ) , a nd Potassium (2.2% , as K20), which, 
however, varies from place to place. There are 
however , two ways of applying this digested slurry 
as manure :-



(1) The slurry, as obtained from biogas plant, can 
be directly applied to the soil by mixing it with 
irrigation water. T hus no loss of ni1rogen 
occurs and it is available to the plants in the 
form in which the plants require 1t. 

(2) After exposing the slurry to sun or weather, t he 
slurry can be applied to the soil. T here is 
considerable loss of nitrogen during its d rying 
or exposure to the aunospbere. 

If the amount of slurry obtained is larger than 
what is required, it can be used for rapid termeu
tation of compost. For this purpose, a number of 
pits a re dug 11ear t he gas plant. The slurry is led 
to these pits through channels. Initially, a layer 
of vegetable wastes e. g. leaves. stems, e tc., 1s 
dumped into the pit and men a layer ol digested 

slur ry is spread over the layer of vegetable wastes. 
Again a layer of vegetable waste 1s provided over 
slurry level lollo\\ed by spreadmg of slurry over 
it. The spreadi.ng ol vegetable waste ano slurry 1s 
continued till t he pit is completely filled. Tbere

after, tbe digested slurry is fed to tbe second pit 
and t he process is repeated. During the process, 
a large number of bacteria and t he nutrient mat
erial in the slurry accderate the process of com
posting and reduce the decomposition time of or
ganic residues to half of the normal period. It is 
found that the addition of 1.5% powdered rock 
phosphate or other pbosphatic fertiliser to the cum
post (made from vegetable wastes and d1gcstt:r 
slurry) accelerates the rate of decay and enriches 
the quality of the product. 

W hen there is no immediate use of the slurry. it 
may be led into a series of pits one by one. When 
the first pit is full with slurry collected over a 
period of time, the next one is filled. By the time, 
the second and third pits are full, t he first one 
would be dry enough for using as manure. T he 
pit can be used agam. tor filling. In tbis process, 
some nitrogen is lost (which is much less than sun 
drying), but t be handling and disposal ot manure 

are easy. 
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FUTURE SCOPE OF THE TECHNOLOGY 

The development of biogas technology is meant not 
only for energy and manure production, but it also 
finds use in environmental pollution control and 
organic waste management. Furthermore, it plays 
a significant role in rural development. The area 
of research needing attention, in future. would be 
the biological fermentation characteristics of feed
stoc!<s, digester design, digestion react ions, operat
ing conditions. Kinetic, study, purification of 
biogas anJ use of digested slurry. T here is a grow
ing need to undenake R and D for optimising 
anaerobic d igestion processes for the treatment of 
a wide variety of organic wastes witb emphasis on 
maximising methane gas productio11. Owing to 

variations in physical and chemical compositions 
of feedstocks, a variety of digestion concepts have 
come up, ranging from simple to highly complex 
processes. 1 he concepts include single stage, two 
stage, contact. attached film and multistage proces
ses, and biomethanation. The later biomethana
tion process is bctually an anaerobic digestion pro
cess in which CO, C0 11 and H 11 are converted to 

methane. (Wise et a l., 1978) according to the 
following equations t 

CO + H 2 0 - -- C09 t H11 and 

C02 + 4H 2--• CH4,+2H2 O 

Getting better public acceptance calls for in depth 
studies on socio econom ic aspects. development of 
efficient mass communication systems and training 
of personnel in the construction, operation and 
maintenance of biogas plants. 

BIOGAS PRODUCTION F ROM AGRICULTU
RAL AND FOREST RESIDUES 

Though a number of residues like animal excreta, 
domestic sewage, municipal solid wastes, industrial 
wastes and aquatic plants can be efficie1Jtly used as 
feedstocks for biogas generation, crops and forest 
biomass residues have a significant ·importance in 
biogas generation and therefore. need immediate 
attention. 



Tbe Agri and forest biomass can be used as a 
second waste to augment gas production from a 

digester normally ru1rning on other feedstocks. To 
overcome seasonal deficiencies in the produotio11 ot 

the waste, tbe material could either be stored or 

grown purely as digester feedstock for large scale 
gas production systems. 

Literatur~ reveals tbat biogas production from crops 

and crop residues is economically competitive with 
all premium fuels but is not yet competitive v, ith 

natural gas and propane available from gas fields. 
A 45.5 m3 single stage stirred-tank digester loaded 

with a slurry of vegetable wastes of 10% total 
solids (TS) and a detention time of 15 days produ
ces about 136 m8 gas/day, with 70% CH& content. 
About 19 m 8 gas is used for digester heating leav
ing a surplus of 117 m 8 gas. Tbe gas yields around 
0.45 m8 /kg of TS added which is about double 
that obtained from cattle dung. 

Inv~sligations have been conducted at the Alternate 
Hydro Energy Centre to anaerobically digest seven 

different biomass residues in laboratory digesters. 
(Sharma et. al. 1987, 1988, 1989, 1990, 1991). 
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Experiments were made under controlled cond i· 
tions of p H and temperature with an RT of 55 
days. All the biomass residues yielded more t h110 
double the amount of biogas compared to cattle 
dung. A pilot plant of 6 m8 capacity (Janta 
model) was operated ush1g lpomca plant (optimum 
particle size) and cattle dung mixed in a predeter

mined ratio. The plant yielded about 5.0 m8 gas 

per day as against 3.2 m9 gas/day from caule dung 

in a steady state operation. This study shows that 
there is ample scope for usmg agricultural and 

forest biomass residues as feedstock for biomass 
production. 

Improvements in the efficiency, rates of gas pro• 
duction and reduction in digester costs are some 

possible problems which need to be solved ,n t be 

oear future . The rapidly developing understand of 

the microbial and biochemical processes involved, 
~specially, those involving ecological relationship, 

will be of great value in bringing about further 

improvement. Applied research in further should , 
therefore, be directed to developing more efficient 

and cheaper reactor designs and automatic and less 
expensive reactor operations. 

CARBOHYDRATES 

HYDROLYTIC AND 
FERMENT A TIVE 
MlCRO ORGANlSMS 

! 
VOLATILE ACIDS 
NEUTRAL COMPOUNDS 
EXCEPT ACETATE 

lOBLlGATE I 
PROTON REDUCERS .J, 

~-------- ------------------ACETATE 
ACBTOGBNS t 

HYDROGBNOPHILLIC ACETOPHILLIC 
METHANOGBNS 

I 

METHANOGBNS 

1---------- • CH4 & CO2~---------

FIG.1-STAGBS IN ANAEROBIC DIGESTION 
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DEVELOPMENT OF EFFICIENT FEED SUPPLY 
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Udaipur-313 00 l, Rajasthan, India 

The Stirling Engine can make a major contribution to energy conservation 
and improved energy conservati01i using agricultural wastes which do not r.quire 
expensive and extensive processing. However, based on actual working of stir
ling engine mounted 011 the mobile carrier for on f arm applications various limita
tions in different SJ·stems have been observed. The feed supply system requires 
major modification to use wide varieties of biomass. This paper deals with modi
fication carried out in f eed supply system of existing stirling engine in terms of 
design, development and testing of different type of screw flights. 

INTRODUCTION 

In recent years much stress is being given to the 
research and development of new and appropriate 
energy sources, which a re renewable in nature, 
pollution free as well. This w,11 ease the rising 
demand of petroleum energy io vanous sectors. Io 
our country huge amount of agriculture wastes like 
saw dust. r ice husk, other cheaper and non-usable 
biomass is available, which can be used as luel in 
the stirling engine for di:centralised power genera

tion. 

Presently a Hamara Model ST-5 engine of capacity 
S BHP at 650 rp n working on 5 bar mean effootive 
pressure is being manufactured by M/S Stirling 
Dynamics, Madras and ,t 1s in common use. Tbe 

Renewable Energy Centre has developed a mobile 
cbasis ooupled with auto cooling system converting 

existing stirling engine for on farm applications 
such as threshing, water pumping, chaff cutting and 
electricity generation etc. (Fig. 1). During the ope
ration of mobile stirling engine various problems in 
feed supply, combustion, cooling and starting 

system have been observed ( I), It has been obser
ved that feed supply system requires immediate 
attention for modification because the system based 
on augur renders it unsuitable for mixed biomass. 

In order to accomodate wide varieties of biomass 
different types of screw flights were des igned and 
mounted at the bottom of bopper. 

METHODS AND MA TBRIALS 

Mainly the modified feed supply system, consists of 
a feed hopper, housing of screw conveyor, feed 
inlet pipe, feed control plate, belt pulley arrange

ment and frame. Viewing to different characteris-



tics of fuel four types of screw conveyor flights were 

developed. T hese include cut and folded flight 
screw conveyor, paddle conveyor screw, stainless 
steel conwyor screw and long pitch conveyor screw. 

The specifications of feed supply system and diffe
rent type of conveyor screws are given in Table I, 
Fig. 2, and Fig. 3 respectively. 

Table I -Specifications of modified feed supply 

system 

(a) Size of hopper : 850 x 600 x (350 x200) mm. 

(b) Size of feed 

conveying dia

meter 

(c) Inlet opening 

: 50mm. 

: J 15 x 50 mm. 

(d) Outlet opening 1 30 mm. 

(e) Speed of screw 
conveyor : 18 • 30 rpm. 

The cut and folded flight screw conveyor system 

provided folded segments wbicb act as lift to 
produce a cas-cading effects. It promo1es agitation 

and aeration, resulting in better mixing, These 

types of conveyor system used for light and medium 

weight, fine, granular and flaky material such as 
saw dust. The paddle conveyor screw system bave 
steel blades mounted on rod shanks inserted 
through the pipes. These types of screw are 

used for mixing, blending and stirring dry and moist 
material. The medium size· chaffed biomass can 

easily be conveyed through the paddle conveyor 
system without affecting flow rate. Tbe long pitch 

type conveyor is fabricateJ to handle material such 

as long sized chaffed which requires blending and 

stirring during movement. Similarily stainless steel 

screw conveyor is suitable for conveying rice husk 
material which require proper stirring during 

movement. The designed conveyor system are 
tested for type of fuels at different speed and diffe
rent flow rate. 
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TESTING OF SCREW CONVEYORS 

The power requirement for different conveyors for 
conveying the different feeds are measured at different 
spec:d such as for saw dust, rice husk and cut chaff. 

The conveyor screw to be tested was connected to 
a motor dnve via a variable speed drive mecha
nism. The block diagram of the set up for testing 

is shown in Fig. 4. The experiment were perfor
med at varying speed i.e. at 18, 22, 26 and 30 rpm. 

The average power requirement for different 
conveyor is given in T11ble 2. 

Table 2: Power requirement for different screw 
conveyor at different speed. 

S. Type of So,ew I Total powo, required 
conveyor in-watt 

No. fuel speed cut & 
IStam-1 Pa-1 long 

rpm. foldc:d less dale pitch 
stec:I 

1. Saw dust 18 180 212 

22 184 214 

26 193 121 

30 206 232 
2, Rice husk 18 212 167 

22 216 173 

26 225 180 
30 227 187 

3. Cut chaff 18 143 260 177 182 

22 245 264 181 187 
26 254 272 185 190 
30 260 277 188 194 

RESULTS AND DISCUSSIONS 

The power transmission in t he existing Stirling 
engine shows that about 200 watts of power is 

utilized in feed supply system (2). To make the 

operation of stirling engi11e efficient use of 200 watts 



of power for running the feed supply is ideal. 
Through experiments it worked out that cut and 
folded type for saw dust, stainless steel for rice 
husk, paddle type and long pitch type for cut chaff 

is suitable from power consumption point of view. 

In all these eases the power requirements was within 

200 watts. 

CONCLUSIONS 

The stirling engine having modified feed supply 
system equipped with different flights to accomodate 

wide varieties of fuel can be one of the promising 

source for utilizing agricultural waste, which is 
available in plenty. It was observed that these 

screw conveyors are well suited for operating the 
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Stirling engine using locally available cheap biomass 

such as saw dust, rice husk. and cut chaff and 
threshed bbusa etc. Tbe cut and folded type stain• 
less steel, paddle and long pitch types conveyor are 
suitable for fuel like saw dust. rice busk and cut 

chaff/ threshed bhusa respectively. However, few 
more suitable systems have been developed to make 

its working reliable convenient and efficient. 
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The design details and performance of 200 micron ultra violet stabilized 
plastic sh et covered tray type solar cabinet dryer wh1:ch can be used jor dehy
drating 50 kg. of f ruits and vegetables are described in this paper. The cabinet 
temperatures of 34° to 55°C were recorded at Udaipur during the coldest days in the 
month of December. T he field ttsts indicated that by the use of this dryer, the 
moisture cont et nf ginger can be reduced from 84 percent to 10 percent within 5 to 
6 days. The efficiency of this dryer is about 15 percent This dryer can be used 
f or dehydrating fruits and vegetables of rural areas where primary processing ope
rations are almost absent. 

INTRODUCTION 

In Ind ia it is estimated that atinually 24767 million 

tonnes of fruits and 73473 mill ion tonnes of vegeta
bles are produced, out of which only less than OJJe 
percent is exported and about 25-30 percent goes 

waste before it reaches to consumer. This spoilage 

can be reduced by applying the solar technology 
in the rural produce growing area. In this view 
a variety of solar dryers based on the concept of 
forced convection are now available, but high 

pumping cost aDd related expenses alongwith non
awareness of various technicalities involved are 

the major obstacles to wide spread use of solar 
d rying technology in rural a rea. Further, the solar 
dryers with glass sheet as solar window arc expen
sive and heavy due to high cost aJJd weight of glass 

covers. In tbe present study, glass cover of solar 

d ryer was replaced by 200 m icro ultra violet sta

bilized plastic sheet to reduce tbe cost aJJd to 

achieve the transportability. T he UV stabilized 
plastic sheet is resistant to deterioration of its 

traosmittivity propertie& and be put to continuous 

use without any ser ious problem. T he use of 

UV stabilized plastic sheet would reduce the cost 
of solar dryers and may bring t he solar dryers 

witbio t he reach of farmers. T he present study 

represents the design details and performance of 

UV stabilized plast ic sheet covered d ryer . 

MATER IALS AND METHODS: 

A solar dryer was designed depending u pon ther

modynamic analysis of the system including a ll 
beat, mass and humidity calculations and major 

parameters like quantity of air required, moisture 

removed from the product, rise and fall of air tcm· 

perature and collector d imensions. The overall 
dimension is 220x212 cm. The constructioJJal 
detail of t he dryers is shown in Fig. 1. The castor 

wheels were provided to achieve transpor tability. 

,. 
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T he dryer has the following main com ponents 

(1) Cabinet : The frame of the dryer "as made 
from 38 X 38 x 3 mm and 25 x 25 x 3 mm angle 

iron. The side walls were tapered in such a way 
that the front part of the cabinet was inclined 11t an 
angle of 25°. This mchnation, which corresponds 

to latitude of testing station, ensures maximum 
availability of solar rediations. The whole cabinet 

was partitioned from the centre so that the length 
of trays can be reduced to half the total length of 
the cabinet for easier operation of trays. The un
derside of the cabinet was made with 24 SWG GI 
sheet on which mylar sheet was pasted to make it 

reflecting surface. The side Yi alls were make Yi ith 
plywood with notches of the size of tray's width 
and height I o r pulling out the trllys. The front 

surface of the cabinet was covered with 200 micron 
uv stabilized plastic sheet v. hich served the purpo• 
ses of transmitting all incoming solar rad1at1ons, 

reducing beat losses due to cross wind and reflect

ing back radiations from the mylar surfaces. 

(2) Trays : The perforated trays each of l . 1 m 
length aod 0.5m widlh were fabricaLed usmg 38 >< 

38 x 3 mm angle iron . Wire mesh were provided 
on tbG bottom side of the trays which Yi ere au ach

ed to the trays through 25 x 3 mm M . S. flat. The 
trays were painted black Y. it h non-glazing black

board paint. The handles ,,ere provided lor easy 

handling of the trays. Rails of 25 x 2.5 X 3 mm 

angle iron were provided for easy operations of 

trays. 

(3) Aspirator: At the top, two chimneys of 1 m 
height and 15 cm d1a each were provided for blow

ing out moist air. The chimneys were also painted 
black with non-glazing black board paint. 

EXPERIMENT AL PROCEDURES: 

T he drying t rails for dehydrating ginger were con
ducted ill uv stabiliz:d plastic sheet covered dryer. 
The hourly air temperature inside the dryer, am

bient air temperature and radiations on plastic sheet 

were measured from 9.30 AM to 04.30 p.m. duriog 
the drying trials. The cleaned and peeled ginger 

was spread uniformly on trays. Total bulk weight 
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of ginger was measured in morning and evening. 

Tbe moisture contents of the gmgcr durmg each 
<lay were computed from diffe rence in these 
v..eights. 

RESULTS AND DISCUSSION; 

The temperature inside the uv stabilized plastic sheet 
covered d ryer ranged from 34° to 55°C compared 
to ambient air temp. of 20°-30°C. The temperature 

inside dryer incr~ased \\ itb increase ot ambient air 

temi;erature. It YI as maximum somev. here bet
ween 11.30 and 12.30 hours. This trend was ex

pacted also. The Table 1 gives detail of drying 
tnal. From the Table 1 it ts clear that t he Mois

ture Content of ginger was reduced from 84 per 
cent {wet basis) to 10.06 per cent within five and 
hall days. 

The efficiency of utilization of solar energy (ratio 
of heat used m evaporation of moisture from gin

ger to the incident total solar radiations on uv 

stabilized plastic sheet) has been Yiorked out by 
following relationship. 

.,, = ML 
(j 

A s HdO 
0 

,, here·,; 1s the drying efficiency ; M, the mass of 
water removed from the d ryiug material m the 
d ryGr ; L, the latent heat of vaporization ol water ; 

A, area of absorber; H, solar radiation on plastic 

sheet; 0 time during which solar radiations was 
measured. It was found that the average efficienoy 

of utilization of solar energy was 15 percent in this 
dryer. The evaluation of the quality of random 
samples of d ry ginger obtained from doer Wbs 

conducted for taste. aroma and texture, showed 
satisfactory quality of the product. 

The drying requirements of different fruits and 

vegetables grown in rural areas is given in Table 2. 
The table shows that most of tbe fruits and veget
ables require 50°-60°C temperature and direct type 

solar beating. Therefore, this dryer can be used 

for different perishable products. 
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COST ECONOMICS : 

The main raw materials required for fabrication of 
this tray type solar cabinet dryer are-uv stabiliz
ed plastic sheet, angle irons, wiremesh, plywood. 
GI sheet etc, all of which except the uv stabilized 
plastic sheet are locally available in rural market. 
This sheet can be obtained from any office of In
dian Petro-chemicals Ltd. The total cost of this 
unit was estimated Rs. 3000/-. The conventional 
annualized cost method comprising of fixed and 

variable cost was used for working out cost eco
nomics of ginger drying. The uv stabilized plastic 
sheet may deteriorate with time and may be less 
effective, therefore 1 percent of the initial invest
ment (total cost 70 Rs.) is used for replacing tbe 
sheet. The cost economic calculation sho\'is the 
cost of drying ginger is Rs. 0.86 per kg and with 

180 days utilization in one year, the pay back period 
is 5 years and 11 months. The economics also 
reveal the net profit of Rs. I 00 per day in drying of 

ginger with tray type uv stabilized plastic sheet 
covered solar cabinet dryer. 

CONCLUSION : 

Tbe following specific conclusions may be drawn 
by this study : 

(1) The uv stabilized plastic sheet covered dryer 
was 40% lighter and 30% cheaper than glass 
covered solar dryer, 

(2) The tray type uv stabilized plastic sheet covered 
solar cabinet dryer is suitable for dehydrating 
fruits and vegetables within 5- 6 days even in 
cold winters. 

(3) T he developed dryer is capable for producing 
drying temperature of 50°-60°C, which is 
optimum for dehydration of most of the fruits 
and vegetables grown in rural areas. There
fore this dryc:r is promising for it adoption in 

rural areas for dehydrating cash crops to earn 
more net profit. 

• 

Table 1 : Detail of drying trials of ginger in uv stabilized plastic sheet cover solar cabinet dryer, 

Initial moisture conteot a: 84% 

Date Radiation oo Moisture cootent 
Dec. '90 uv sheet 

(K cal/m9 day) (%) 

20 6020 76.4 
21 6600 65.2 
22 5450 45.5 
23 5265 31.3 
24 5660 15.6 
25 (upto 1230) 4030 10.1 
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Table 2 : Drying Requirements of Agricultural and Food Products. 

Type of Temperature Initial Final 
S. No. Product solar requirement moisture moisture 

drying ( oc) content content % 
(%)lW. b) (W. b) 

1. Peas Direct 60° (Solar) 25 5 
2. Garlic Direct 43-48° (Solar) 70-80 6.5 
3. Fish Direct 50° (Solar) 65.75 16 
4. Grapes Direct 60° (Solar) 83.5 10-16 
5. Beans (baked) Direct 60° (Solar) 10-26 3-4 
6. Beans (green) Direct 65° (Solar) 10-20 5 
7. Chillies Direct 60° (Solar) 70-80 IO 
8. Ginger Direct 60° (Solar) 80-85 13-15 
9. Turmeric Direct 60-70° (Solar) 80-85 13-15 

10. Copra Direct 40° (Solar) 45-50 6 
11. SheJled maize Direct 

(Yellow) 
45° (Solar) 20-25 9.5 

12. SbeJled Maize Direct 
(White) 

45° (Solar) 20-25 10 

13. Paddy Direct 60° (Solar) 20-25 10 

• 14 . Milled Rice Direct 60° (Solar) 15,5 9 
15. Wheet (Grain) Direct 45° (Solar) 15 IO 
16. Jawar Direct 45° (Solar) 20-25 10 
17. Ground nut shelled Direct 45° (Solar) 40-60 9 
18. Mustard D irect 45° (Solar) 20-30 9 
19. Soyabeen Direct 45° (Solar) 20-30 7.5 

REFERENCES : 

1. Abijit, R. and Jaogid, S. L. (1990). Comparative Performance Evaluation of solar dryer with glass cover 
and ultra violet stabilized plastic sheet. Unpublished B. E. (Agril) Thesis, College of Tech. and Agril. 
Engineering. Udaipur. 

2. Law land, T. A., (1966), A Solar Cabinet dryer. Solar energy 10 (4) : 298-302, 

3, Singh, Harpal and Alam, A. (1985). Design of prime moverless solar dchydratio11. J. of Agril. Bugg. 
22 (2) : 35-41. 

4, Thanvi, ~- P. and Pande. P. C. , (1990). Development of Inclined solar dryer with alternative mate· 

rials. Proceedings of Solar Energy Society of India, Annual Convention, CTAE. Udaipur : 41-46. 
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EFFECT OF TEMPERA TORE ON BIOG AS PRODUC
TION FROM WATER-HYACINTH 

S. K. Singh, Upama Mishra, G. N. Pandey & Amarika Singh 

Applied Chemistry Section 
Inst itute of Engineering and Technology 

Sitapur Road, Lucknow-20 
INDIA 

Anaerobic digestion of water hyacinth (Ech/mornia crassipes) carried 
out at different temperature range (30-39°C) and hydraulic retention period (0-35 
daJs). The gas productio12 increased sharply as the temperature were raised above 
3(/'C tmd maximum ;ield was observed at 37"C, rather tha12 35°G, but production 
reduced after 3'i°C. I n this paper, the effect of temperature on biogas production 
from water hyacinth is highlighted. 

INTRODUCTION 

Production of biog<ts from water hyacinth by anae
robic digestion is affe~ted by several phys ical as wdl 
as chemical factors like pH, temperature, concent
ration of volatile acid, minerals and metals e1c.1

-'. 

Temperature is one of the most important factor, 

whioh influences the rate ot biogas production. lt 
bas been reported that mesophilic methaDogenic 
bacteria are much sensitive at temperature be1ween 
35-400C, but it is also observed that, generally 
maximum gas production is obtained at temperature 
35°c. It is well known that the rate of gas pro
duction decreases considerably at temperature, 
below and above the optimum tem~ra1ure 5

'
6

• 

Person et al7 and Roediger8 have reported that 
maximum gas production occurs in the mesopbilic 
temperature range (30-40°C) at 35°C. This view 
was also supported by Cowley and Waste 0

• Ghosh 
ct al.1 0 have found the optimum d igestion tempera

ture is usually near about 35-37°C. Joubert ct al11 

working at temperature raoge in between 35°C to 

37°C and found that tho later temperature gave 

better biogas production as well as methane yield. 
Bansal", Ficher et al1 8 and Millsu have reported 
that the rate of gas production doubles up for every 
10°C rise in temperature between I5°C to 36°C for 
mesoph1lic bacteria and similarily just doubles up 
between 37°-56°C for tberroopbilic bacteria. 

In the present literature none of the authors have 
expressed optimum temperature for biogas produc
tion I rom water hyacinth. Considering the above 
observations, the authors are promoted to select 
optimum temperature fo r maximum production of 
brogas as well as methane content from water 
hyacinth. 

EXPERIMENTAL 

(1) Chemical Analysis of Water Hyacinth l 

Total volatile solid (TVS) were estimated by tho 
combustion of known quantities of the dry sample 

at 420°C in muffle furnace to the constant weight. 
Lignin content and total k jetdabl nitrogen wero 



estimated spectrophotometrically. Total organic 
carbon was determined volumetrically by the Piper 
method. Metals were analysed by pulse polaro• 

graph. 

(2) Anaerobic Digestion of Water hyacinth : 

The sample of water hyaciDth was washed clearly 
with water aDd Na2 EDT A to remove dust, clay 

particles and sands etc. After wiping the sample 

were dried at 110°C in oven to constant weights. 
Now 100 gm of biomass (dry, water hyacinth) 

alongwith water was taken into thermostat air 
tight ceramic digester of 1 litre capacity, attached 
with sampling and measuring units (Fig. I). The 

methane content of biogas was determined using 

orsat apparattus. 
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RESULTS & DISCUSSION 
The chemical composition of water- hyacinth was 
found as represented in Table-I. 

Components 

Moisture 
Total Solid (TS) 

TABLE-- I 

Percentage % 

92.37% 

7.63% 

Total Volatile Solid (TVS) 12% 

1.9% 

36% 
8-I Oo/o 

40% 
2 % 

19% 

K.jeldabl nitrogen 

Carbon 
Lignio 

Cellulose 
Oxalate 
C{N ratio 

Metals Ca, Zo, Mg, Na & K present. 

A typical sets of observations regarding with the biog1s production from water hyacinth at different 
temperature (i. e. 30, 33, 35, 37 & 39°C) and hydraulic retention time (0-30 days) were presented 

in Table II. 

TABLB- 11 

Hydraulic Retention Period =35 days 

Hydraulic Production of Biogas from Water hyacinth {in Lkg 1
) d ry weight, at different tempera· 

retention ture {in °C) 

period 

(in days) 30°c 33°c 3S0c 37°0 39°c 

5 6 9 50 69 47 

10 7 25 101 137 98 

15 10 54 148 215 139 

20 21 77 196 275 190 

25 29 90 215 301 213 

30 42 111 247 358 241 

35 55 125 290 415 282 
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The rise in temperature increases biogas yield from water hyacioth as summarised in Table-III. 
TABLE-III 

Increase in Temperature in °c 

30 to 33 

30 to 35 

30 to 3 7 

30 to 39 

Effect on gasproduction 

3 times higher 

7 times higher 

10 times higher 

7 time higher --------------------------
The average biogas yields at temperature 30cc and 
33°C in 35 days were 4.85 and 14.31 kg- 1 biomass 
respecLively. The yield mcreased sbarply at 35°C 
(35.6 L kg- ') and 37°C (50.5 L kg-1

) . The yield 
at 37°C was nearly ten tunes that obtained at 30°C. 
Further on increasing the temperature of digester 
i. e. 39°C, yield again decrease i. e. 34. 7 L kg-1

• 

The impact of temperature OD biogas production 
is clearly understood from Tablc-11. It indicates 

that from 30 Lo 33°C, yield increased four times 
and from 30-35°C and 30-37°C, increased 1 and 
10 times respectively. Hut after 37°C, further fall 
in yield showed that this temperature (3 7"C} is 
optimum for biogas production especially for 

water hyacinth. 

Following results have been concluded from Fig. 2. 

(I) It indicates that biogas produoLion at 30°C is 
negligible upto 20th days of hydraulic retention 
period (HRP), and after 20th day, graph moves 
onward. But at 33°C. production is very low 

up to 10th days, after this it further increased. 

A higher temperature i. e. 35°C and 37°C, this 
initial fall was not seen. Maximum gas pro
duction was observed at 37°C. 

(2) Thus, it indicates that at low temperature 
(30°C) the methanogenic bacLeria takes about 
20 days for activaLion, but at higher temperature 
it is activated earlier within five days. 

(3) From figure-2, it is also clear that on increasing 

temperature from 30-37°C, gas production in• 
creases, but again above 37°C, yield decreas,d. 
It clearly shows that the temperature i. e. 37(;C 
is optimum for biogas production from water 
hyacinLb (SOL kg-1 biomass dry weight). 
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Information on Rural Technology Products/Processes 

INK MAKING 

Ink is not only being used for writing but also being 

used for printing. Ink can be classified in two 

categories 1-

l, Writing Ink 

2. Printing Ink 

Writing Ink is soluble in water while printing ink 

is insoluble in water. Writing Inks can be further 
subdivided in different categories. 

1. Iron Tannin Ink 

2. Coloured Inks 

3. Carbon Ink prepared from lamp black. 

IRON TANNIN INKS : 

Under such category fountain pen inks, Bank's 

permanent inks are included. Tar:u1in is obtained 
from different Vanaspati. Apart from this colour, 

Gum are also the constituent of sucb type of inks. 

COLOURED INKS : 

Colours, Gums are the main constituent of coloured 
inks. These inks are cheap and available early sold 

in the market but these are not of permanent type. 

CARBON INK PREPARED FROM LAMP 

BLACK: 

It was used in quite old days but coloured inks are 
used these days. 

PRINTING INKS ; 

Printing Inks are used for printing of documents, 

books etc. Turpentine oil, Solvent oils are used as 
thinner for printing inks. 

TYPES OF WRITING INKS : 

Blue or red inks which are often used by students 
falls under this category. These are mixture of 

colour ; solvent and water. Gum is used for achiev
ing viscosity. 

FOUNTAIN PEN INK: 

The solid content is comparatively lesser than writ

ing ink, Accord mg to chemical composition, colour

ed and iron tanning Compound Inks are of two 
types. 

IRON TANNING COMP UNO INKS: 

These inks are available in Blue and in other colo

urs also. The colour of inks appears as to the 
colours used in preparation of inks later on the 
colours terns to black. These are of permanent iu 

nature these are not washable and are not affected 
by light acd humidity. 

COLOURED INK.S : 

These a re available in Red. Voilet, Green, Royal 
Blue Colours which can be washable. These are 
not good from the point of permanency but it is 
very commonly used due to attraction. 

METHOD OF PREPARATION OF 
FOUNTAIN PEN INK : 
MATERIAL REQUIRED: 

Gallic Acid (Dilute) pure 
Tannie Acid (Dilute) pure 
Gum Arabic 

Ferrous Sulphate Crystalline 
Ink Blue A. S. (ICI) 

Hydrocbloric Acid (Cone.) 

Glycerme 
Phenol 

Distilled Water 

Glass plate 

Beaker 

Plastic Bucket 

12 gms 
38 gms 
13 gms 
45 gms 
20 gms 

40 c. c. 
5 c. c. 
5 gms 

4.5 liters 
2 no; 

4 nos 

1 no 



METHOD OF PREPARATION : 

l. Take Distilled water (4.5 litres) in a plastic 

bucket. Divide it into t hree equal parts. 

2. Dissolve, Gallic and (12 gms). Tannie acid 
(38 gms) and Gum Arabic (13 gms) in 1.5 litres 

of distilled water. If necessary then heat the 

water so that a ll t he contents are completely 

dissolved. 

Distilled water in plastic 

bucket 

1.5 litres Distilled water 

itJ beaker 

Fig-I 

Fig. 2 (a) Add Gallic 
Acid 

F ig. 2 (b) Add Tannie 
Acid 
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Fig. 2 (d) Solution no. 
I is ready 

Fig. 2 (o) Add Gum Arabic 

3. Add glycerine to it and allow to cool, then add 
hydrochloric acid to it. This is Solution no. I. 

Fig. 3 Add Glycerine 

4. Dissolve Ferrous Sulphate in I½ litre of distill
ed water io another breaker. If necessary heat 
it so that ferrous sulphate is easlly dissolved. 
This is solution no. 2. 

F ig. 4 (a) Take distilled 
water in another beaker 

Fig. 4 (b) Add Ferrous 
sulphate in water 
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Fig. 4 (c) 
Solution no 2 is ready 

5. Take one and half litre distilled water in an· 
other pot and heat it and dissolve colour ink 
blue in water. This is solution no. :;, 

Fig. 5 (a) Take distilled 
water in beaker 

Fig. 5 (c) Ink Blue in 
bot water 

Fig 5 (b) Dissolve 
Colour Ink Blue 

Fig. 5 (d) Solution no 3 

6. Take a big container pour solution no. 1. Add 
solution no. 2 to it gradually agd stir it. Add 

solution no. 3 to rest of t he solutions. 

Fig. 6 (a) Add Solution no 2 to Solution no 3 

-
)(Ill\\•. """'nflll 

Fig 6 (b) Solution no 3 ready 

7, Add Phenol to a portion of irik and stir with 

the help of wooden stick. Leave the solution 

for about a month. 

Fig 7 Add Phenol 

8. Precipitate will be formed after one month. If 
the ink is left for more than a month then it 

will be better. 

9. Decant the prepared ink. 



10. Pack ink in bottles. 

Ink is ready 

PREPARATION OF ROY AL BLUE 

INKS · 
MATERIAL REQUIRED: 

Methylene 28.5 gm 

Glycerine 5 ml 

Pbeool 5 ml 

Distilled Water 4 5 litres 

Glass pots 4 nos. 

Gum Arabic 28.5 gm 

Acetone 25 ml/litre 

Ethylene Glycol 25 ml/litre 

METHOD OF PREPARATION: 

l. Dissolve Gum Arabic in a litre of distilled 
water. Warm if necessary. 

Fig. l {A) 

Mix Ink Blue A.S. 

Fig. 1 (b) 
Glycerine 

Fig. l (c) 
Gum Arabic 

December J9 J / 33 

2. Mix Glycerine to it. 

3. Tbis is solution no. 1. 

4. Dissolve Methylene blue in distilled water this 

is. solutioii no. 2. 

5. Pour slowly solution no. l to soluttOf! ~o. 2 
with constant stirring. 

6. Take small quotity of solution in a beaker and 
dissolve phenol in it. 

7. Filter ink through filter paper. 

8. Add ethylene glycol and acetone the filter ink. 

9. Pack the ink in glass bottle. 

PREPARATION OF RED FOUNTAIN 
PEN INK: 

MATERIAL REQUIRED i 

Acetone 

Brilliant Crosene Scarlet 

Gum Arabic 

Glycerine 

Phenol 

Distilled water 

Ethylene glycol 

METHOD OF PREPARATION: 

25 ml 

20 gms 

15 gms 

5 m l 

1 gm 

l litre 

25 ml 

l. Dissolve gum a rabic (15 gms) in distilled water. 

Heat if necessary. 

2. Take small quantity of this solution and add 
Phenol to it. 

3, Add the solution to the whole Solution. 

4. Stir continuously the solution with glass rod or 
wooden stick. 

5. Ink is filtered in through filter paper. 

6. Add 25 ml acetone to t he filtered ink. 

7. Add 25 ml Ethylene glycol to tbe ink. 

8. Ink is packed in bottles. 
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PREPARATION OF STAMP PAD INK 

INGRADIENTS : 

2. Add Methyl voilet is added in this m ixture and 
leave for over night. 

Glyceriae 
Distilled water 

Methyl Voilet 
Glass tub 

PREPARATION: 

5 m l 

4.5 litre 
300 gms 

one 

3. Stir and mix thoroughly. 

4. Pack in glass bottles. 

TABLET AND POWDEREDINK. 

1. Mix glycerine to d istilled water. 

Inks can be prepared in tablet forms. It can be 

easily prepared as ink powder. 

PROBLEMS IN FOUNTAIN PEN INK PREPARATION, REASON & SOLUTION i 

Problems 

1. Precipitation 

2. Corrosion effect on nib. 

3. Deposition of ink on nib 

4. Delayed drying of ink 

5. Abnormal smell 

Reason 

Reduction in quantity of acid 

1. By using less quantity of acid 

2. Defects in glass of bottles 

Solution 

Use right quantity of acids 

Do not use bottles made out of 
alkaline glass 

3. Incorrect proportion of Iron Tannie Use right proportion of Iron 
Compound tannic compouods 

4. Fungus effect 

Excess quantity of acid 

Presence of excess solid conteDt in 

ink 

Use right quantity of phenol and 

salicylic acid in prepa ration of ink. 

Use necessary quantity 01 ink. 

Prepare r ight q uantity mixlUre. 

Use glycerine for correct flow of 
ink, 

(a) presence of excess Glycerine/ Use correct mixture of material. 
Dextrioe 

(b) absence of acetone & other sol• 
vents 

Right quality of gum ta1rnic acid Uso methyl salicylate. 
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FUEL BRIQUETTES FROM DRY LEAVES 
AND AGROWASTES 

Agricultural wastes, Secondary biomass materials 
like cotton, corn cobs, plant stalks, groundnut 
shell, coconut shell, many other unutilized plant 
stems, dry leaves etc. can be convertc:d into fuel 
through controlled burning or pyrolysis. The fuel 

has high calorific value, low ash content, smoke 
comes out, cost of production is lo w as compared 
to the cost of wood charcoal. The fuel is conver
ted into briquettes which are easily transported 
from one place to other. The co nversion of dry 
leaves/agrowaste to fuel briquettes takes place by 
pyrolysis and the equipment in which this process 
takes place is known as pyroliser. 

Pyrolysis is a process in which the waste products 
are heated to a high temperature in the absence of 
air or Oxygen to produce charcoal. In this process 
the restricted amount of air is introduced for the 
pyrolysis of agrowaste or forestry was1e. 

CONSTRUCTIONAL DETA[LS OF PYROLY
SER 

It consiscs of a 200 litre cylindrical vessel supported 
over a 3 legged stand. The vessel is provided with 
a conical grate at the bottom. The grate is made 
from 2.5 mm thick mild steel plate with J 5 mm dia 
perforation at the bottom of the drum in the centre 
there is a 50 mm dia G. I. pipe piece ( 15 cm height 
and 5 cm dia) as shown in Fig.-! and Fig.-2. 
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Fig. 1-Grate 
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Fig. 2- Pyrolyser 
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Net of G. I. wire is welded at about 12 cm height 
at t he top of grate. The grate is also provided with 
a central chimney 7 5 cm dia having four perfo
rated steel pipes (2.5 cm dia) two on either sides of 

chimney. Perforation is done vertically and hori
zontally on the pipe. 

This arrangement in the central chimney provides 
smooth flow of hot gases as well as it provides 
little air in t he pyroliser. The hinge door (20X 
20 cm) is provided at the lower end of drum. 
Charcoal formed can be taken out from this door. 
The drum has a lid having circular box (15 cm 
height a11d lO cm d ia with an outlet of G.I. p ipe 
(15 cm height and 2.5 cm dia). The drum has 
arrangement for sealing the drum and top cover 
(lid) with water. 



Fig. 3-Briquetting Machine 

CONSTRUCTIONAL DETAILS OP GRINDER 
(ROLLER) 1 

The roller is made of G.I. pipe 60 cm in length and 
10 cm dia. Tbe weight of roller is about 25/30 
kg. The roller is provided witb an iron handle 
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total length t.25 meters. The roller can be easily 
rolled on flat smooth surface. 

DETAILS OP BRIQUETTING TOOL AND BRI
QUETTING; BRIQUETTING TOOL; 

It consist of two G.I. pipes no. I and 2, pipe no. l 
is open at both the ends and the upper end is pro

vided with two bandies. Pipe no. 2 is closed from 
both ends with welded iron plates. The length of 
pipes a re 15 to 20 cm. The diameter of pipes are 
4 to 5 cm respectively. Pipe no. 2 can be easily 

inserted in pipe no. I. 

BRIQUETTING MACHINE : 

The machine has a body frame made of angle iron 
supported on a base plate which can be grouted. 
The upper p::>rtion of the body contains a box 
where a suitable FRP (Fibre reinforced plastic) dia 

of desirable briquette size can be mounted cao be 

covered by lid having suitable locking device ope

rated by handles. Tbe lower portion consist of a 
punch suitable to die mounted on the macbine. The 

punch is operated by lower lever. The force is 

transmitted to the punch with the help of the crank 

and a connecting rod and connected with band 

operated lever at the bottom (See Fig.-4). 
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Fig, 4 



PREPARATION OF PYROLYSED BRIQU BTTES 
FROM BIOMASS: 

Pyrolysed fuel briquettes from biomass are prepa
red through following four steps : -

1. Pyrolysis 

2. Pulverisation 

3. Mixing of binder 

4. Briquetting 

PYROLYSIS: 

( I) Tbe 40-45 kg (approx.) of dried biomass with 
moisture content 15-20% is cut to pieces of 
15 to 20 cm length. 

Fig. 5-Dry Branches 

Fig. 6-Dry Leaves 
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Fig 7-Cutting of leaves/branches 

(2) Drum is completely filled with portion of dried 
leaves etc. keeping door open. 

Fig. 8- Branches/ leaves being filled in pyrolyser 

(3) The biomass (agrowaste) is set to fire through 
the door. The door is closed and door spaces 
are sealed with mud keeping the air inlet pipe 
of drum open. 
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Fig. 9··-Fire door open 

Fig, 10-Firing of biomass 

(4) A thick blackish smoke comes out but after 

few minutes biomass scarts burning \\ itb flame. 
Another portion of biomass is immediately 

put in the pyroliser till the flame subsides. 

(5) Again tbiok smoke comes out and after few 
minutes biomass starts burning with flame. 

Again another portion of fresh biomass is 

added in the pyroliser so that the flame may 

again subsides. 

(6) This process is rep~ated till whole of biomass 

(40/45 kg) is put into the pyroliser. 
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(7) The lid is now sealed with water. 

(8 A thick smoke comes out of the gas outled 
made on the lid. After some time the colour 

of smoke changes to bluish white and the air 

inlet pipe is sealed with water in a mud and the 

gas outlet is also sealed with mud. 

(9) Tbe pyroliser is allowed to cool and when the 

pyroliser is completely cooled the door is opened 

and the charcoal formed is taken out. 

Fig, l 1-Burnt charcoal being taken out 

PULVERISATION OF CHARCOAL: 

(I) Charcoal is spread oo the smooth surface of 

ground. 

Fig. 12-Spread Charcoal 
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(2) The roller is rolled on the charcoal several 

times. 

Fig. 13-Grioc.ling of charcoal 

(3) The charcoal powder is sieved through a fine 
sieve to remove bigger particles of charcoal. 

Fig 14-Sicving the charcoal 

(4) The big c:harcoal particles are again made to 

powder as previously done. 

MIXING OF BINDER TO CHARCOAL POW

DER : 

(I) Fine clay of about 5% by the weight of char
coal powder is poured into the water (25% by 

weight of charcoal powder) 811d left for 24 

hours. 

(2) The foamy or creamy layer is removed from 
the surface of water and mixture is stirred and 
filtered by cotton oloth so that there should be 

no traces of foreign materials are left. 

(3) Charcoal powder is taken into tub and molasses 

10% by weight of chiucoal powder is mixed 
to it. 

{4) Fine clay mix1ure in water is added to bit by bit 
in the charcoal and mixed well. This mixture, 
is stirred well to have a homogeneous mixture. 

This homogeneous moistened mass is made to bri• 
queltes with the help of briquetting tool or briquett
ing machine 11s follows : 

(a) BRIQUETTING TOOL : 

(1) The moisteoed homogeneous charcoal with 
molasses is filled in pipe no 1 and pipe no. 2 is 
inserted ioto it. 

(2) These pipe are held vertically keeping handle 
side up and a below is given with tho help of 
hammer on pipe no. 2. 

(3) The position of briquetling tool is now reversed 
and a slight pat is given on pipe no. 2 to bri
quette out in the form of a cylinder. 

(4) The cylindrical briquette is out into sizes and 
dried into suo. 

(b) BRIQUETTING MACHINE : 

(I) Die Box is opened and filled with moistened 

charcoal mixed \\ ith molasses. 

(2) Tne box is closed with the lid and looped with 
self lock ing devices. 

(3) A pressure is exerted on the puoch with connec
ting rod for compact charcoal in die box. 

(4) Cover is opened and a very little pressure is 

given on punch with the connecting rod. Br i
quettes arc, taken out and are dried in the sun. 



PRECAUTIONS : 

(1) Persou should use gas mask during pyrolysis 

and briquetting. 

(2) Quantity of water should not be more added to 
to the charcoal then specified weight. 
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(3) Pyrolyser should be installed away from the 
thatched houses dried grains, agrowastes etc. 

(4) Ooor of pyrolyser should be opened when the 

pyrolyser is completely cooled off 

Fig. 15-Pyrolyser should be away from thatched house. 



H ARNESSING SOLAR ENERGY 

A less expensive "ay of concentrating and collecting 

Solar energy is suggested here. Round botlo ned 

flasks. w11h as nec1rly spheri.;al shape as possible, 

with a long and narrO\\ neck. made from clear glass 

a re taken and filled with clear \\Ster. These arc 

placed on a plate o r sheet, \\ ith holes suitab1y 

spaced so as to leave minimum area between flasks, 

which in turn is supported by a rigid frame work. 

W hen spherical lenses are used, the focus follows 

a d etioite route from west to east. Ir this focus 
of sun's eoer@Y is collected by a su11able flat topped 
tube having water or any liquid to be heakd, and 

the width of the tube at the top is sufficiently wide, 

then north south shift ot these tubes would be 

needed only say once a week, and 1t \\Ould not be 

d1fficull to provide such movement on a section to 

section basis of the proposed v. aterleos farm. 

Due to the improper shape of t h¢ flask, there might 

be a d1storuon in the focus, adding to loY..er 

efficiencies. By proper manufacture, this could be 

taken care, rather than mak mg a spherical lens 
entm:ly out ol optical glass, which also should be 

cheaper and definitely more effi.;ient than the sys• 

terns pre~ently developed. 

If proper facilities are prov1ckd, I can undcnake 

this development and demonstrale 11s usefulm:ss, in 

a short period, provided all fac1hties a re exten· 

ded. 

VEG ET ABLE DEHYDRATOR FOR 
VILLAGES 

Scientists in Bhopal have designed an electrically• 

operated dehydrator which can d ry about 50 kilo· 

grams of vegetables daily in rural areas. 

India produces about 735 million tonnes of 

vegetables every year, of which 30 percent is esti• 

mated to be lost dur ing various stages of post-
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harvest operations. These losses a re mainly due 

to lac k of infrastructure for handling, storage and 

processing at the rural level. 

Being perishable by nature, vegetables start detrio· 

rating soon after harvesting or picking. Sun drying 

has been used since ancient times for better pre

servation, but the process is unhygienic and long. 

The new dehydrator developed at the Central 

lnstitute of Agricultural Engineering ( C l AE ), 

Bhopal, basically consists of a drying chamber, a 

plenum chamber, a heating chamber and a blowmg 

unit. The drying chamber has 20 trays made of 

nylon wire mesb for laying out tbe product to be 

dried. 

The vegetables are "prepared" by washing, peeling 

and cutting o r slicing T he prepared material is 

blanched and sulphited if required, and spread over 
the drying trays. 

It is dried by switching on a blo\\ er and a heater 

for l l· 14 hours. 

Reportmg the details of the dehydrator in the 
journal invention lmel/igence. C IAE scientist K.. 
K. Singh said 1t was tested for processing cauli• 

flower, oabbage and onion flakes. 

Tbe total cost of production of the dehydrator is 

around Rs. 12,000 and the cost of operation works 

out to a mere Rs. 1.20 per kg of raw material. 

The machine can be used for dehydrating surplus 

vegetables produced in rural areas, thereby reducing 

wastage and providing better income and employ• 

meat opportunities to vegetable growers, Dr. Smgh 

says. 

GREEN REVOLUTION WITH 
EARTHWORM 

A novel experiment of bringing about green revolu

tion without using any chemical fertiliser has prod

uced astonishing results in Maharashtra, claims the 



noted educationist and scientist, Prof. M. R. Bhiday. 
The experiment, which bas been a success in western 

Maharashtra, will now be tr ied in Nagpur and 

Kato!, be said. 

Prof. Bbiday, who was here recently, told PTI tha1 
t his new experiment in agro•ecology involves the 

use of earthworm as biological agent to feruhse the 

soil. 

A fellow of the Maharashtra Academy of Science 

and the Indian National Academy of Engineers, 
Prof. Bhiday bas been carrying out this research for 
the last 10 years under lhe auspices ot MAS and 

his results have been presented in several interna

tional symposia. 

The experiment involves breeding a large number of 

earthworms in. specially consLructed containers and 

then using their vermi compost to fert ilise soil. 

Prof. Bhiday said the containers are nothing but 

wooden crates filled with bio•degrad11ble wastes 

such as cowdung, rotten leaves and other orgamc 

material. Conditions are created which are condu• 

cive to the earthworms to breed rapidly and pro
duce vermi compost, which contains eanhworm 
casts and eggs that make the soil extremely fertile 
by providing it with micro organisms and nutr il'lnts 

essential for plant growth. 

The technology is so cost-effective that just 2000 

earthworms could produce the equivalent of one 
tonne of fertiliser per month Besides, they mcrease 

t he soil's water retention capacity. 

The experiment bas been tried in Maharashtra right 
from the western coast to the eastern end and the 

results have been highly encouraging, especially in 

Ratnagiri, Pune and Nasik. 

This technology, if properly developed, would prove 
to be a boon for the small farmers as well as other 

villagers who can start "wormeries" for mass bree• 

ding of earthworms and sell them to cultivators. 

"Adoption of earthworm technology would also 
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stop indiscriminate use of chemical fertilisers, which 
in the long run, do considerable damage to the 

soil". 

LEATHER SP LITT ING AND PROFILE 
CUTTING MACHINE 

K. L. E. Society's Engineering College, Belgaum. 
Skin or hides of a great number of creatures are 
tanned and processed variously to make lt:ather 

used in many difTerenl articles ranging from foot· 

wear to highly tashionable accessorit:s·essent1al 
features of c1v11tsed lifestyles. 

Leather industry in India, one among the oldest, is 
spread in both organised and unorgaoised sectors. 

Tbe leather, before it can be shaped to the dt:sired 
final form such as a shoe or a vanity bag, bas to 

u·nctergo a number of operations. To accomplish 

these operations, the industry employs a vanety of 

machines such as the width shaving m11ch1ne, the 
ioolined blazing machine, the setting machine, the 

stackmg machine and the buffing machine. 

Industries in the small sector fmd it difficult to own 

all these different machines. They would bt'l deligh· 

ted if a single macbine,.combiomg a number of opt:r· 

ations were available. St'lnsiog this need a macbme 

to perform the operations of sphttmg, profile cutting, 
design embossing and pressing was designed and 

fabricated. 

Basically the machine has two mild steel rollers with 
adjustable clearance bt:tween them us tog which 
leather of various thicknesses can be rolled or pres

sed. A sptiuiog knife can be employed behind the 
rollers to cut the leather. Attachments for profile 
cutting and design l'lmbossing can be added onto 

the main roller shafts. This simple machine can 
be manufactured easily in an ordmary works hop 

and needs very little maintenance. 

Being simple in design, easy to manufacture and 
operate and requiring little maintenance, machine 

is ideal for cottage level leather processing indus-
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tries It is estimated to cost around Rs. 2000/ -. 
T be productivity of the machine could be enhanced 

by an electric d r ive. 

"HIMSH AKT " - STONE BI OGAS 
PLANT FOR THE HILLS 

A new type of biogas plant developed for the hills 

promises to be cheaper, easier to construct and 
more efficient than the ones currently in use. 

An added advantage is tbat it can be made of stone 
wbich is available m plenty in the hills and so cau 

be constructed easily by local people. 

The new Himshakti biogas plant bas been deve
loped by the Regional Biogas Research and Deve

lopment Centre at the Himacbal Pradesh Knsbi 
Vishwavidyalaya, Palampur. 

It is 20 percent cheaper and produces 12 percent 

more gas daily compared to the Janeta and Deen 

Bandhu plants currently in use in the H1machal 
bills. 

In hilly regions like Himacbal, the major problems 

faced while installing biogas plants include the high 
trimsportation cost of the construction material 

(bricki; cost as high as Rs 1250 per thousand) and 

difficulties in excavation of a pit for t he plant. 

These cause the cost of installation to run so high 

that they adversely affect the biogas plant imple
mentation programme in tbe hills. 

Besides, it is difficult to make roundish excavations 
by cutting stone for the sphrrical foundation of tbe 
Janata b1ogas plants. 

The new Himshakti design a llows the digester to 

have a bigger diameter, without compensating on 
its strength, as a minimum wall thickness of 2.30 

mm is possible with stone construction compared 

to l 15 mm thickness which can be obtained with 
bricks. 

The height: diameter ratio too has been lowered to 

a factor of 0.66 from 0.83 and t he radius of the 
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dome top of the plant is so selected that there is no 
need to construct an additional pillar at the centre 
of the plant. 

A three-cubic-meters Himshakti plant is 30 percent 

cheaper w ben constructed with bricks and 20 per
cent cheaper with brick stone masonry. 

T he plant produces an average of 2.4 cubic metres 
of biogas daily when fed with 60 kg of raw material 

compan:d to 2. 15 cubic meters ol biogas obtained 

from the Janta plant now in extension in the hills. 

Himshakti was developed under a project spon

sored by the Indian Council of Agncullural Re
search (ICAR) under its All India Coordinated 

project on Renewable Energy Sources for Agr icul
tur11l and Agrobased Industries. 

SOLAR PONDS 

One of the several methods of utilising solar energy 

is to construct a solar pond. At the Jndian Insti
tute of Science, a solar pond of size 240 m 2 h11s 
been built to study and monitor the performance of 

solar ponds. From the exper ience gained by this 

study it was dt:c1ded to construct a demonstration 
solar pond at Masur , a villag1: in Uttara Kannada. 

Solar pond is a large body of ""ater used for collec
tion ano storage ot solar energy. lo agy 11atural 

pond wbere t he water 1s trallsparent, about 30% 

of the solar radiation reaches the bottom and water 
there gets hotter. Water when heated becomes 

lighter and rises, t hereby mixing with the cooler 

water in the rest of the pond. Hence the tempera
ture of a natural pond almost never rises significan
tly above the a mbient. However, if we can devise 
a means by which t he layer of water at the bottom 

is prevented from mixing with the rest, t hen the 

temperature at the bottom can rise as high as 95°C. 
Mechanical barriers like plastic/glass sheets have 
been thought of but have proved impractical for 
large ponds. The earliest and least expensive 

method is t he use of common salt. If sufficie11t 
amount of common salt is added to the water near 
the bottom, then this salty layer will always be at a 



higher density thao tbe layers above. There will, 
therefore, be 110 intermixing of layers. A pond 

which utilises this concept is called a salinity-gra
dient solar pood. Such natural salin1ty-gradicnL 

solar ponds were first discovered io Romania in 

1902. 

However, man made solar ponds were first studied 
in Israel about 25 years back. lo its simplicity, 

soil is dug from a predetermioed area to a dep1 h of 
about 2.5 meters. A plastic hoer or, beuer still, 2 
or 3 layers of liners of 1 /4 mm thick low density 
polyethylene sheets are laid in the dug out pond and 

beat sealed. To preveni the liners beiog damagt:d 
by ultra-voilet rad iaLion, they are buried by dumping 

some soil or placing some ules on them. Now 
water and common salt are added. In a typical 

solar pond, about half a 1onne of common salt 1s 
added for each square metre area of the pond, 
Tbe water ar.d salt ue mixi:d c1ll a density close to 

J.2 gm/cc is reached. Pure \\ ater is then carefully 

poured at diftereot placi:s until the ponds m 

complete. T hus 3 layers are created, viz., a b,,uom 

storage layer of l metre tl:lickness a top la}er ol 
50 cm thickoi::ss aod the sandwiched layer of l metre 
thickness . The sahn11y of the middli: hsyer 10cre11ses 

linearly with de;.>th. This 1mpor1ant and essential 

layer is called a non-convective layer and prevent 
the mixing of t he bouom and top layers This 

layer is also critical m t bat if Jt is too Lhm. a lot 
of heat 1s lost to tbe top layer while 11 it is too 

thick sufficient solar radiation does llOt reach the 
bottom o r "storage" layer. After the establishment 
of t he t hree layers or zones it takes about 2 months 

for the temperature of the bottom layer to incre
ase by 40°C-50°C. 

The largest solar pond ever constructed is the Israeli 
pood having an area oi 250,000 m •. This pond 

attains a temperaturi, of 95°C in the storage zone. 

The hot water in the storage zone is circulated 
through a heat exchanger to boil a fluid like freon, 

the vapours of which are then expanded in a tur

bine to produce 5MW of eleclrical power. 
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Small solar ponds have been used for the extraction 

ol sodium sulphate from ores m Argentina. With 
an area of 400 m 9 they can produce sodium sul

phate at a cost lower then conventional extraction 
techniques A :WOO m• pond in tbe U. S. A. 

supplies heat to a swimming pool. In Ilaly, a 27,000 

m» solar pond has been built for desalmation of sea 

water. Solar ponds have been constructed in Aus
tralia, Mexico, Portugal, Taiwan, Japan and Jnd1a. 

Io India the first solar pond was built in Bhava
nagar in Gujarat. A 100 square meter pond has 
also been built in Poodicherry. With the assistance 

of the KSCS r a 240 square metre pond bas been 

built a t the Indian Institute of Science for studies. 

Tb1s has been success! ully \1 orkiog for the past 7 
years. The temperature in tbe storage zone has 

never gone below 50"C in tbe past 7 years and the 
maximum achieved is 75°C. This is an achievement 
considering that Bangalore has long periods of 
cloudy weather . This ponrt has demonstrated the 
tt:chnical and economical viab1l1ty ot small solar 

ponds for meeting the process heat needs of 

hatcheries, dairies and silk fila1ures. Solar ponds 
conven solar rad1alioo to heal \\ ith an efficiency of 

15% to 20%. The dra,vback noticed 1s ttJat some
times algae grow in tbe pond thereby reducmg 
transparency of pond. This can be p1evenled by 

adding bleaching pol'. der or copper sulphale. 

H.:avy winds over tne surlace should be preveOLed 

by construcmg wmd breakers. There is also a need 

for salt recyclmg since salt diffuses slowly to the 
upper layers. This must be compensated by in

jecting salt m the storage zone. When the salinity 
of the top layer becomes large, this water is 

removed , evaporated aud the salt recycled. During 
sumrnc:r, water must be added to the top layer to 

reduce density. 

In India solar pond based small power stations can 

be located in Gujarat aod Tamil Nadu sioce tbe 
cost of common salt is lowest in these t wo states. 
Also these two states have acidic land unfit for 

agriculture. 

_, 



BRAZIL DECIDES TO SWITCH PALM 
OIL 

The government announced that a new alternative 

cnerJ?Y source would be available to pO\Hr heavy 
farm machinery and transport vehicles Palm oil. 

"Dendiesel" a mixture of 74% Dendec palm oil and 

24° 0 diesel oil, has been used to power a test 
passenger car 50,000 miles (80,000 kms) yielding an 

ave rage 42 miles per gallon (18 kms per litre). 

A test passenger bus was powered 12,000 miles 

(20,400 kms) with Dendiesc:l for, a year , wilh 

excellent results. 

Brazil has available more than 170 million acres 
(70 million hectares) of land suitable to grow 

Dendee, a palm trc:e whose nuts produce 5 times 

more oil per 11cre than soy beans. 

Cabrera also said the palm oil fuel was much clea
ner when burned than conventional fuels such as 

gasoline o r alcohol. 

Brazil began to develop an ambitious alcohol fuel 

programme io the late l 970s following the oil price 

rises of 1973 and 1979. 

About 30% of Braz il 's 13 million vehicles run on 

ethanol, a type of alcohol made from domestically 

grown sugarcane. 

Brazil imports nearly half of t he 1.1 millio11 barrels 

of oil it consumes daily. Before t he Gulf cr isis, 
this country of about 150 million people impor ted 
160,000 barrels of oil a day trom Iraq and 30,000 

from Kuwait. 

SOLAR ENERGY DETOXIFIES WATER 

Scientists at the Lawre11oe Livermore National 
Laboratory and the Solar Energy Research Institute 

in t he United States have shown that solar energy 
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can detoxify water, reports the journal Environ
memal Science and Technology. 

Io their work, contaminated water, in this case 
conta ining tr ichloroethylene (TCE), a susi:;eoted 

carcinogen, is run th rough narrow, curved glass 

tube reactors. The curved glass reflects sunlight 
d irectly into the reacto r. 

A photocatalyst is added. The photons from sun
light interact with the pbotocatayst to decompose 

the TCE to level o f less than one p~rt per billion. 

One advantage claimed is on-site treatment with no 

need to collect contaminants on carbon or polymers 
and haul them elsewhere for processing, tbe journal 
said. 

HONEY MIGHT REPLACE SULFI
TES AS PRESERVATIVE 

A solution of honey might replace sulfitcs as a pre

servative. This follows research work by agricul
tural scientists in tbe United States. 

JORDAN DEVELOPS NEW GREEN
HOUSE COVERING 

A new, multilayer transparent covering film for 
plastic gre1:nhouses has been per fected by researchers 
in Jordao, using recycled industrial waste. Scien
tists of the Jordanian R oyal Scientific Society (RSS) 
report their product, which contains upto 60 percent 

recycled polyethylene from industrial waste, has 

considerable tensile strength and can be manu

factured at low cost. The fact that it can be made 

locally also meaos the country can save an apprt!ci• 
able amount of foreign currency by using it. The 
product developme1lt project was carried out in 

collaboration with the Chemical Engineering De• 

partment of McGill University, Montreal, with 

support from Canada's International Development 

Research Centre (IDRCJ. 



WOMEN MANAGERS IN TECHNO
LOGY FOR DEVELOPMENT : 

WBDC will hold its second four months course 
Women Managers in Te~bnology for Develop
ment, from 28th September to 18th December 1992. 
The Course is for women with experience in Man• 
agement of Water Supply, Sanitation and Drainage 

etc. 

The main issues of the conference are : (i) Women 
Society and Wealth. (ii) Women in Management of 
Technology, (iii) Women in Management of Re

sources, 

For further information contact : 

WBDC 
Loughborough University of Technology 

Leicestershire LB l l 3 TU 
EDgland. 

WATER, ENVIRONMENT AND MAN
AGEMENT: 
Water. Engineering and Development Ceatre, 
(WEDC) England in collaboration with Nepal 
Engineer's Association, Nepal (NEA) will bold 
18th WBDC conference on "Water, E nvironment 
and Management from 3 I st. August to 4th 
Sept. '92. The conference will be co-sponsored 
by the Federat ion of Engineering Institutions of 
South and Central Asia (FEISCA), UNICEF and 
other National and International Organisatiolls. 

The main topics to be covered in conlerence are: 
Water-Rural Water supply, Low cost Sanitation, 
Environmem- The urban e1Jvironment, Urball 
housing aud planning. The rural environmem 
Management-Community Management. Women in 

Mangement and Management for Sustainability. 

For further information contact : 

Mrs Rowena Steele 

WBDC 
Loughborough University of Technology 
Leiccstei; Shire Leil 3 TO 
England. 

Forthcoming Events 

BIOGAS TECHNOLOGY : 

A Training course of Action for Food Production 
OD " Biogas Technology for Supervisors/Technici
ans/Promoters" is being organised at AFPRO 
Aligarh Project, Aligarh U. P. India from January 
6-10, 1992. 

For further information contact: 

ProJect Manager 

AFPRO Aligarb, Project 

A-6 V 1kram Colony 

Ramghat Road 

Aligarh-202001, 

U. P. 

APICUL TURE IN TROPICAL 
CLIMATES: 

Fiftb Internation Conference on Apiculture in Tro
pical Climates will be held from 7th-12th Septem
ber '92 at University of West Indies in North West 
Trinidad. 

For further information contact 1 

International Bee Research Association 

(IBRA), 18 North Road 

CardiffCFI 3 DY, U:K.. 

MICRO AND SMALL HYDROPOWER 
DEVELOPMENT 

Swiss Centre for Appropriate Technology Switzer
land (SKAT) will offer three to four weeks. train· 
ing Course on ''Micro and Small Hydropower 
Development". in August/September ·92, 

The course is aimed at EPgineers and Technicians 
involved in either small scale hydropo"' er develop
ment or equipment design and manufacture, tech
nical managers and planners of sffiall bydropower 

schemes and programmes and technical personnel 

of implementing agencies. 



Tentative topics of the course will be : 

{i) Hydrology {ii) Hydraulic theory of turbines 
{iii) Aspects of civil construction, mechanical and 
electrical engineering (iv) Concepts in the develop• 

ment of bydropower resources with reference to 

small plants (v) Planning, survey and layout me· 

thods. (vi) Installatio11, operation and mainten
ance and (vii) History of hydropower develop· 
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ment in Switzerland in the context of its industriali• 
sation. 

For further information oontact : 

Swiss Centre for Appropriate 

Technology (SKAT) 

Tigerbergstrasse 2, 
CH-9000 St. Gallen 

Switzerland. 



WATER, LIFE AND POLLUTION 

As life on earth depends on wa ter is needed to ful
full d iverse requirements in so many diverse ways. 
Water is not only essential t o life but is the predo
minant inorganic constituent of laving mauer . It 
is a biological essential, supports all ecosystems, 

regulates global ecology, irrigates laod 10 produce 
food and fodder, produces aquatic food, used in 

power generation and industrial processess and 

used in day to day life in many ways. To make 
best use of available water resources for hum1m 

benefit and to prevent and control its depletioo aod 
degradation, it is 11ecessary to know about physical, 

chemical and biological characteristics of water, 

causes of its pollution and its control, etc. 

Present book provides a scientific appraisal of the 

facts relating wate r and is aimed at incukating the 

awareness with regards to this very important 

resource. 

The first chapter is on the Chemistry of Water 
second chapter deals with P hysical, Chemical at1d 
Biological Character istics of Water which is essen
t ial to evaluate the quality of water. Next three 
chapters descr ibes about the water pollution, effect 

of water pollution on Human H ealth_ and water 
pollution control. Some aspects. Chapter fil t h is 

on Waste Water T reatment and after that there are 

t hree Apendix and G lossary. 

"Water, Life and Pollution' ' by Purohit Saxena, 
Published by Agro Botanical Publishers ( India), 
Bikaner, 1990, pp 108, English. 

CHOICE OF TECHNOLOGY IN 
INDUSTRY: 

I t is not uncommon to find many production units in 

low income, labour-abundant, capital, capital--scarce 
economics such as Tanzania employing sophisticated 

and capital-intensive production techniques. I n 

News and Notes on Books & Publications 

such circumstances, problem of technology choice 

exists in tbe sense that t he technologies in use, and 
more often the products being produced, are not 

compatible with the resource endo\\ ment of tbe 

economy and the income levels of t he majority of 

the population. 

This book evaluates the relative performance of 
alternative grain-milling techniques in Tanzania to 

identify appropriate ones and explain why some 

firms select inappropriate technique and products. 
The consequence of technology choice are then dis

cussed "' 1thin tbe context of employment creation, 

output expansion, surplus generation, skill p10-
motion and overall resource use. The book is 
d 1v1ded into seven cnapters entitled : Choice of 

Technology-A conceptual Frame- work Study 

Area and Research Methodology, Evolution and 
structure of Grain-Milling Indust1y, Technology and 

Resource use, Economics of Scale and Process sub
stitution and Major Policy issues. 

The book is intended for students and research 

workers and ecooom1c development, par ticular ly 

those in tbe field of economics and mdustr ial tech
nology. 

"CHOICE OF TECHNOLOGY IN INDUSTRY: 

The Economics of Grain-Milling in Tanzania '", by 
M. S. D. Bagachwa, Published by International 
Devdopmer.t Research Centre, Canada, 1991, pp 

144, English. 

NATIONAL ENERGY : POLICY, 
CRISIS AND GROWTH 

Energy occupies a key role in t he development of 

an economy. Without it, it is not possible to 

achieve high growth rate whether it be agricullure, 
or industry, or mining, o r transpor t-in fact-any 

economic sector. Even in social development like 
health, education, family welfare, urbanisation, 



etc., it occupies a central role, Tn fact energy is 

the focus around which the modern world revolves 
and thus determines its growth potential. 

This book is mainly based on papers, presented in 

National Seminar on Energy Policy. The volume 

is divided into t hirteen sections devoted to different 

aspects of energy. First t wo sections presents tbe 

excerpls from tbe inaugural address, keynote ad
dress, recommendations and a paper by t he edilOr 

of the book. Section three and four contains tbe 
papers on national energy development prospective 

and national policy for a second energy system 

pricing of energy and energy consumption and 

demand management is discussed in fifth and 
sixth. In section seven, there are papers 
on energy conservation and privatisation. Next 
two chapters deals with the financial aspects of 
state Electr icity Boards, and tbe Nuclear Power. 
From the papers in section ten we get an idea of 

the vast dimension of untapped alternative sources 
of e0ergy. Tbe role of energy in tbe rural areas 
finds a special place in section Eleven, SecLion 
T welve deals tYith economics of human and animal 
energy. The last sec1ion Thirteen of t bis volume 

conclude the future perspective of energy demand. 

The book covers a fairly vast area of Energy which 
it is hoped, would prove of help to students, resear

chers and teachers as well as administrators and 

policy framers. 

"National Energy Policy, Crisis and Growth'' by 

V. S. Mahajan (Ed.), Published by Ashish Publish

ing House, New Delhi, 1991, PP-413, English. 
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ENVIRONMENTAL DEGRADATION 
ANO DEVELOPMENTAL STRATEG
IES IN INDIA : 

Land water and the air are the vital components of 
the phys ical environment surrounding the biosphere 
and provide the basic elements of the life support 
systems Human health and lengevity are e11tirely 
dependent on the purity of these vital components. 

The growing population making mcreasing demaJJd 
for food and other basic necessities of life bas 
accelerated the process of exploiLation of the en

vironment on an unprecedented scale. The envi

ronmental deterioration is now causing ecological 

disbalance and there by for which man himself is 
responsibie to a great extent threatening tbe very 
existence of life on this earth in near future. 

T here are many causes for such deterioration of 

environment and the level ot degradation is d iffe
rent from area to a rea. 

This book is tbe proceeding of the UGC sponsored 

seminar on "Environmental Degradation and Deve

lopmental strategies in India". Tbe proceeding 
have been divided into six sections on the basis of 
nature and t hrust area m t he paper. The major 
six sections are : 

(i) Environmental Management (ii) Basin Environ
ment (iii) Coastal Environment (iv) Mountain En

vironment (v) Urban Environment and (v1) Rural 
Environment. 

These papers will helped not only to the resear• 
chers, but also the planners and common people. 

·'Environmental Degradation and Developmental 

Strategies in India'' by M. M. Jana, Published by 
Asbisb Publishing House, New Delhi, 1991' pp 
349. English. 



CENTRE FOR DEVELOPMENT OF RURAL TECHNOLOGY 
INSTITUTE OF ENGINEERING & RURAL TECHNOLOGY, ALLAHABAD 

Offers : 

* Prototype development services. 

* Setting up Rural Technology Centres. 

* Organising state-level national & fnternational workshops, seminars & training programmes. 

* Training & Promotion of rural entrepreneurs to undertake rural technology projects. 

* Training of engineers, supervisors, & skilled workers in rural technology Product manufacture & 
maintenance. 

Some achienments : 

CONTACT: 

DeanR&D 

Design & Development of over 2 dozen rural technology products like transportable 
charcoal kiln, pyroliser, fuel briqueumg machine, solar still, solar sterilizer; fibre 

glass - cattle feed trough, tasla, sanitary fittings, transportable biogas plant, paper, 
slate etc. 

Organised National Seminar on Rural Technology (198 I), on behalf of Ministry of 

Rural Development, Govt. of India. State level workshops on technology transfer 
for state Govt. of H imachal Pradesh (1983) & Karnataka (1984), international 

Training Programme on Appropriate Technology sponsored by UNESCO (1983), A. T. 
Orientation Programmes for senior officers of Science Policy Centre of Govt. of 

Iran etc. 

Trained over five hundred personnel of Community Polytechnics, Centre for Development 

of Rural Technology, Voluntary agencies, Govt. Departments etc. in rural technology 
product manufacturing, maintenance etc, 

I •. E.R.T., Allahabad - 2 I 1002 
Phones: 600993, 601063, 600615 Gram: APOLY Telex : 540-260 IERT-lN 

601402 

Full page 
Half page 
Quarter page 

Advertising Rates 

These rates are for one number and include the cost of plate/block. A 
numbers and 30% for four or more numbers will be allowed. 

All enquiries released to advertising in the Journal should be addressed to: 

The Editor 
R ura l Technology Journal 
Information Service Division 

C.D.R.T, 

1.E.R.T. 
Allahabad - 211002. (INDIA) 

Rs. 1,000/-
Rs. 500/-
Rs. 250/-

reduction of 20% for three 

The advanoe paym~nt for advertisement should be made through a Bank Draft drawn in favour 
of "I.E.R.T.- Commercial Activity A/c' ' and sent along with the advertisement matter on the above 
mentioned address. 
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RURAL TECHNOLOGY JOURNAL 

Aims and Scope 1 

Rural Technology Journal is published by Information Service Division, Centre for Development of Rural 
Technology. Institute of Engineeriog and Rural Technology, Allahabad (India). The purpose of Journal 
is to provide a forum for exchange ol views, information and create awareness in the field of Rural Tech
nology, its development and transfer to the rural areas, technological products and processes, methodologies 
and approaches etc. Effort is being made to ensure that this Journal become relevant not ODly for this 
country but to all those nations, groups and individuals, in any part of the Globe who have concern to 
contribute towards the welfare of the under privileged rural communities. The Journal is divided into 
fo)lowing main sections :-

1. Portfolio 

2. Tool Box 

3. Spot Light 

4. Futurama 

5. Book Bag 

(Articles/Papers} 

(Information on Rural Technology/Processes} 

(News aJJd Views} 

(Forthcoming Events : Training Programmes, Semi
nars, Symposium, Workshop etc.} 

(News on Books a12d Publications} 

Note for the guidance of authors : 

Papers/articles information packages, technical queries and related materials are cordially solicited. Manus
cripts should be se.nt to :-

The Editor 
Rural Technology Journal 
Information Services Division 
Centre for Development of Rural Technology 
Institute of Engineering and Rural Technology 
26, Chatham Lines, Allahabad-211002 (India) 

There is no limit to the length of contribution but it is suggested that a maximum of 6,000 words or equiva• 
lent be used as a guide (approximately 6 to 7 pages}. 

1. The complete manuscript should be written in English and the desired order contents of Title, Abstract, 
List of symbols, Maio Text, Acknowledgement, Reference and Appendices. The Standard Inter
national System of Units (SI} should be used. 

2. The manuscript should be typed on one side of the paper only (preferably 8" X 1111 bond paper) with 
double spacing betwee& lines and H" margin on the left. 

3. Two copies ot the manuscript and illustrations (one set original} should be sent to the Editor. 

4. The title should be brief (maximum of 150 characters including blaDk in between words or other non• 
alphabetical ·characters} and followed by the author's name, affiliation and address. 

5. Internationally accepted standard symbols should be used. In the list of symbols Roman letters should 
precede lower case. 

6. Graphs, charts, drawing sketches and diagrams should be black aDd white prints on glossy paper and 
preferably 3½" x 711 size. 

7. Illustrations should be numbered consecutively, given proper legends and should be attached at the end 
of the manuscript. 
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