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I.  Summary

This report investigates the energy use levels in the non-commercial
sector. The non-commercial energy supply is from the conversion of fire-
wood, crup iesidue, and animal dung into erergy. The projected needs are
studied and present demands are considered. Processes are reviewed for
converting these fuels; firewood, crops residue and animal dung to other
energy vonns. including heat or other useable forms of chemical energy.

These threz products, make up the principle

ov more roadiiy used Tovms of biomass resource in India and there descrip-
tion describos tho biomess sector. The energy policies of India are
revickad ecpecially as they relate to renewable biomass sources. Froi these
policies a stracegy *s developed for providing increased biomass fucl stoc!is
through veforestation, irrigation and planned harvesting techniques.

The forestry program is givein top priority and a research development
program or producer gas pump sets is suggested. The biomass Fral for tlie
pumpsets can be elther crop residue or fuelwood. Systems for the use of
the zrop residue o the fuelwood will be suggosied where either the products
will be ciherred Tirst and then gasified or gasfied directly. The results
will provide an evaluation of the two options. The pumpset will supply
irrigatica for the crops or wood plantations and in both cases biomass is
used ¢7 increase the biomass product. Crop residue amounts presently appear
as the only biomass material with a small surplus and the use of this
surplus to increase the supply is attractive.

Annther area for consideration is planning a harvesting system for
a maturing fueiucod plantation. The study will provide a tool for maximizing

the efficiency of utilization in driving the planned 1.5 M power station.
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The last research topic is providing limited support in the area of alcoho]
fuels with suggested funding of the pretreatment work at IIT Delhi. Tle
steam explosion process is being corsidered, examiniug the adaptibility
to India's biomass feeds. The pilot scale system will be modified as
required to improve 1ts performance.

Tne suggested projects in this paper should make optimal use of
USAID's Timited financial resources while having a high potential for
truly increasing the fual supply of India. It is also recommznded that
ITT D2ihi becoue & Blemass Contre for coaversion processes along with
the Potanical keseaven Institute Lucknow, ana Malurai Kawraj University,
"adurai as Bicmass Cantres for production. The details foilow in the

report.



II. Introduction

Energy use and availability is of prime importance in providing the
desired and planned development of the Indian people. There is a direct
correlation between the standard of 1iving and the per capita energy
consumption with every modern economic activity requiring some form
of energy. The energy demands in India are provided by the conversion of
all common energy resources with a special feature of unusually low per
capita consumption(1). The Nairobi paper defined the per capita consump-
tion at 315 kg of coal equivalent per year. The population of India was
taken at 680 miliion people. The energy use was divided into two principal
categories:

. Commercial energy

. Non-commercial energy

ITy. Energy Division: Commercial

The commercial category covers principally energy provided by three

resources coal, oil and electricity. Figure 1(2) provides a pictorial
review of the growth in this cateqgory, directly relating the movement
of India into modern industrialization.

Non Commercial (Biomass Sector)

The non-commercial energy use is defined from the conversion of:
. firewood
. agricultural waste

. animal dung
. into other energy forms in the household sector.

(1) ™ational Paper) United Nations Conference on Renewable Sources
of Energy; Nairobhi, August 1981

(2) "Report of the Working Group on Energy Policy! Government of
India Planning Commission, New Delhi 1979,
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The growth in the non-commercial category is shown in figure 1 with
the increase directly predicted by the population increase. The chird
curve of figure 1 shows India's total energy use. The curve was found
by simply adding the commercial and non-commercial values.

The total energy use is divided into five sectors with an approximate
total distribution of:

50% household
11% agriculture
21% industry
13.5% transportation
0.5% other
The 50% total use in the shousehold sector is principally supplied by
non conimercial energy (biomass) with a 65% firewood, 15% agricultural
waste and 20% animal dung assumed division. The non commercial energy
percentage reported by the Cooking Group for Encrgy Policy for the
household sector (2) is higher in the rural area (81%) as compared to
the urban area (51%). There is also considerable biomass energy
supplied in the commercial category with approximately one million
tonnes of firewocd used in organized industry, 20 million tonnes in
unorganized industries and 30 million tonnes of bagasse used in the
sugar industry. These quantities are not considered in the discussion
of the non-commercial category but will have an effect on the total biomass
demand.
Biomass supplies the longest use segment of the total energy demand

and each of the three distinct fuels will be discussed separately

regarding there contribution to the non commercial needs .



Firewood
Firewood is the most important non-commercial fuel in India. It is
obtained from forest, privately cwned plantations wood lots, roadsides,
banks of rivers and canal, parxs and other miscellaneous sources. The
forest cover is 23% of the total land mass (approximately 0.75 million sq.km)
of India. This forest resource is presently experiencing severe pressure
to harvest the wood; for fuel, fiber and as a construction naterial
with the econcmic factors favoring materials and fiber.
In 1975-76 the annual firewood consumption was estimated to be
203 miltion cubic meters (3) with an estimated 13 million cunic meters
from India's forest. A quick glance at these numbers and a reminder of
the principles of the conservation of mass reveals a huge 90+% deficit in
firewood piroduction with the remaining coming from farm forest and tree-
lands outside the forest. These a2lternate sources have been severly
depleted leaving pilferage to provide the total suggester,
The results of these demands are severe deforestation and fcrest
damage. Further considering the continued population growth and the
demand increasing directly as predicted by this growth, several agencies
and scientist have projected the needs.Parikh{see appendix )suggest a need of

350 miliion cubic meters by 2000 while the National Commission of Agriculiure(3)

(3) "Production and Availability of Biomass: State of the Art Report"
Department of Science and Technology G.0.I. Mew Delhi, 1980
(4) S.P. Dubey and R. Chakravarti "Forestry for Rural Enerqy Production
in Tndia", ESAP/FAO/UNEP Expert Group, Fuel and Charcoal, Bangkok,
May 1981.
(5) Parikh K. "Energy" Mac Millian 1976.
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predicts 256 mil.ion needed by 1980 and 300 million by 1990. This hypothesis
points to a deficit of 100 million cubic meters by 1990. These projections

3 accounted for production in

are shown in figure 2 along with the 13 million m
1975. The energy policy group though suggest a different demand curve as showi
in the proposed firewood use curve of figure 2. This curve actually shows a
decrease in demand and use. The reduction is assumed to be provided by increased
efficiency of conversion in cooking,use of electricity, and biogas, especiaily
avter 1987. The efficiency increases will be provided by improved stoves, rural
electrification, and increased biogas utilization. These projeciions sea vory
optimistic ana disagree with many otners. Even so the government believes that
the demands for 7uel wood can be met if an adequate investment is made (2) in
social forest programs and present stand improvementls. However, Dubey (4)
suggests tchat 25 million + ha of waste land be turned into forest or plantations
immediately to provide the future demands. He further cuggest that the real
energy crisis in India is not the shortage of 011 but the shortage of firewocd.
The rapidly decreasing availability of previously free firewood will have serics
social ard economic effect on the welfare of the poor. In conclusion India has
8 serious wood fuel crisis and the problems are:

1) India population is increasing

2) India per capita energy use is increasing

3) Resources are decreasing

4) Vood is the principal and most demanded source of energy

5) Household energy conversion systems are inefficient

6) Reforestation to preceding slowly

The strategies for snlving or reducing the problem have to consider the
entire energy, economic and social system and any attempted shifts in energy

use patterns will be difficult to program and realize.
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Agricultural Waste

The agricultural waste level in producing the non compercial energy

quantities

quantities available .

actual residue.

Desrciption

Rice
Wheat
Maize
Cotton
Jute
Barley

Other minor groups

Sugar cane
Total

was assumed to be 15% of the total value.

~erds

Table 1(2) shows the production amounts

The actual

on the crop levels and the end uses of the

Area(thousand Acres) Production Agricultural Waste
(thousand/ (thousand/tonnes)
tonnes)

39475 48470 77984
20454 28846 50480
6031 7256 8707
7350 1012 303¢
584 755 1510
2802 3192 4788
67422 36157 28926
2762 140604 28121
203552

Table 1 Residue Production India 1975

The total residue was approximately 200 million tonnes with forty tonnes of the

residue used in the commercial sector.

The remaining residue is burnt on

fields, uscd for fodder,as roofing material, for composting, and other nceds. It

appears that this residue at lcast in some limited quantitiss could Le

available as a fuel.
a Punjab village.

groundnut and fodder.

residues and left over fodder,

A papey by Gupta etal (&) provided an enerqy bhalance on
The major crops were wheat, maize, paddy, cotton,
The waste generated were animal excrita, crops

The quantities of surplus paddy straw and wheat

straw were 14.7x103 and ]4.4x]03 quintals respectively. The totel energy of

the surplus residue and dung would provide ]1x109 Kcals of energy. The

input energy to the village was only 7.8x109 Kcals.

the paper shows these comparsions.

Figure 3 taken from

The main conclusions for this report

is the avaialbility of approximately 1000t Lonnes of coal equivalent crop

residue/village at least in this areca.

oy
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Figures 4 and 5 (2) show the residue use as projections as provided
by the Energy Policy working group. This area is encouraging and with
the contemplated increases in agricultural efficiency even greater surplus
quantities will exist.

Animal Dung

The use of animal dung as non-commercial energy source is highly
developed in India. Just to provide a few numbers the cattle population in
India (1972) was 237 million. Averagc dung obtained per animal per day is
10 kg (7) with an average collection rate of 66%. The Energy Policy Group(2)
suggested that 20% of the non commercial enerqgy is supplied by dung. The
dung can be dried and burnt or used in Biogas Plants(7). Again the suggested
use rates (2) and past performance are shown in figure 6. The decrease in
use afier 80 is questionable, especially in regards to the projected exp nsion
of the Biogas systems. In this regard the next section of the report will
discuss the general conversion processes for biomass (non-commercial energy
sources) .

Iv. Biomass Conversion (Biomass-material originating from growing matter)

The principal biomass conversior processes are:
. Combustion
. Gasification
. Digestion

. Liquid fuels processes

(6) M.C. Gupta, B.S. Pathak, S.L. Jindal and A.P. Bhatnagar, "Energy Balance
and Utilization of Agricultural Waste and Farm" Journal Agricultural Engg.
Vol XVIII No.!

(7) "Biogas Technology and Utilization: Status Report", Department of Science
and Technology, GOI, New Delhi 1981.
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Combustion
Combustion is the oxidation of the two primary combustable elements in
biomass fuel. The equations are:

C+0

5 CO2 + heat

2Hyt0, = 2H,0 + heat

2

Energy production using the combustion process is a controlled burning
attempting to maximize the heat release from the carbon and hydrogen
elements of tie Tuel.

The oxygen for combustion is normally supplied using air. This bufning
process occurs in three stages:

1) drying
2) distillation
3) carbon conversion

The drying process simply removes the water from the biomass particle
with the energy for drying furnished by burning other fuel. The process
occurs at a relative constant temperatufe approximately 212° while permitting
the water to cvaporate. The distillation stage occurs as the biomass parcicles
temperature begins rising above 212. The increased temperature breaks the
wood molecule releasing the combustible gases (volatiles) that burn in
contact with the combustion air. The volatile fraction of the biomass can be
very high and can supply an appreciable amcunt of the released encrgy. Once
the volatiles have been released or driven off the remaining fuel is char or
charcoal. The charcoal is mostly carbon mixed with the non combustible ash
ot the fuel. The carbon is consumed as oxygen comes in contact with the
exposed charcoal particles completing the combustion process and leaving

the ash fraction as i1e remaining residue.

\ V.J.



Tha combustion process involved in the use of the village cooking
stoves could be greatly improved. A simple efficiency (8) change from 10 to
20% would make a large difference in the firewood needs. A1l the biomass
forms of interest (firewood, crop residue and dung) are used for heat
production through the combustion process in the non-commercial and
commeicial areas. India has or is using wood and Bagasse in large
industrial processes. They are familiar with steam raising in boilers
and electrical production from the steam generated. They have also worked
to improve their cooking systems used in the villages.

Gasitication

CasiTication is an old technique which had rcceived special attention
in Europe during vorld War II. Since that time the availability of cil
and gas has reduced the interest but since 1974 and the oil embargo interest
has greatly increased. Biomass gasification process can be summarized by
the following steps:

a) Some of the Tatent chemical enerqy in biomass is released by

combustion to produce sensible heat.

b) Most of the sensible heat is reconverted to latent energy by
evaporating water, by breaking down and volatizing complex wood
molecules, and by reducing CO, and Hp0 to produce CO and Ho.

c) Reaction products flow from the gasifier as a heated qas and tar
with char collecting as solid particles. The division of the gas.
tar, and char depends on the gasification temparature. The enercv

value of the gas will he 100 to 500 wBtu/SCF depending upoi the

gasificaticn orocess.

(8) " ood consuming cook sioves: 3 Dasign Guide" ; Vita/ITDG
Publtcatlon, Mt Rainier Maryland.



The four basis process vor producing gas are:
. Air gasification
. Oxygen gasification
. Stecm gasification
. Pyrolysis
Air gasification simply follows the previously listed steps normally
producing 100 to 150 Btu/SCF gas.
0:ygen Gasivication uses puic oxygen instead of air for the combustion in
the fivrst stsp of the gasivication process. The gas produced is madium Biu in
the 250-350 Buiu/SCF range. This gas is normally good for use as a methaiol
feed stoclk cor as a fual gas. The principal Btu increase is derived from
eTiminating the nitrogen dilution iin the air gasification. Temperature contorl
will be a problem, and steam is ovten used for controlling the high tempera“ire.
Steam gasitication omits the first step of the gasification process and
the heat must be supplied by highly superheating the steam or by exjernal
means. The gas produced can be a high quality medium Btu gas. Steam gasifica-
tion processes are in the research stages except for the old water gas systenm

for producing town gas.

Pyrolysis is detined as the destructive distilliation of biomass witn
most pyrolysis processes being a special case of gasification. The systems
are usually units operated as air blown gasifiers except the char production
is optimized and the gas normally just exhausted to the atmosphere. Although
some of the newer designs actually pyrolysis the product, omitting no air,
providing an excellent char and gas. The char production levels can be
as high as 30% of the dry fuel (9) and the gas contain up to 400 Btu/SCF.

The processes which do not use air or oxygen will require a large external
heat input. These pyrolysis and gasification techniques are again
available in India. Large gasification systems existed and charcoal is an

available product for heating and cooking.

(9) J. Knight "Pwi is of Pine Sawdust," from Thermal uses and Proprietics
o€ carbohydrat " Lignins, Academic Press 1976.



There are site specific Tocations where both medium s9zed pyrolysers and
gasifiers should be considered. This subjectt11 be further discussed 4n
later sections with specific emphasis to the village scene and its
specific bicmass tesources.
Digester

India is a world leader in the impiementation of this technology as
demonstrated by its development record. The biogas systems are anaerobic
cicester producing combustible gas from the feed materials. The most
comman vecd wateiial is animal dung but algae, crop residues, forest
Titter gaibage, jrass, human waste, paper waste sea woed, spent sugar,
refinery waste, straw, and water hyacinth have been used. Gas yiclds
varying as a function of the material have been suggested. Normal yietds(10)
from cow duna are 30 Titres/kg with a 30 - 40 day residuce time. The

gas produced is approximately 50-60% methare and 30 to 40% CO. and 59% H,.

2 2

The gas nroduced can be used to drive engines, burn in stoves, provide

Tighting, or used in other energy processes. The outgoing slurry stiil has

1ts principal ingrodients and has become enriched in nutrient contents. India
has instalicd 20,000 plants (11) and are encouraging construction of

3,000,000 nlants curing the Sixth Plan. They have several ditferent desicis

vith continued improvemants in operations and efficiency provided Ly incieasac
understonding o the machanisms. The Indian leval of expertise appears to

Tead the woirld in this arca.India's technical expertise(10)has been requested and

suppiied ia Tanjania,Botswana,Srilanka,lraq,Nepal,lran and Samalia.
Liquid Fuc's Processes

Tha two Tiquid fuels considered ave methanol and ethanol. The processes
|

for providing the 1lquids are fermentation for the ethanol and thermochemiza

processes foi the methanol.

(10) "Gobar gas: Retrospact and prospects,” Khadi and Village Ind. Comm. .
Bowbcy, 1979.

(17) "Bihar to build 720 "{ogas plants," Economic Times, July, 1981.

. A



Ethanol

Two basic types of technology (12) exist for producing ethanol. If a
feedstock which is high in sugars is used - such as sugarcane or sweet
sorghum - the sugars can be fermented using a yeast enzyme to produce
carbon dioxide and ethanol and subsequently distilled to concentrate
the alchohol. Producing alcohol from sugarcane is very similar to
production of sugar: the cane is crushed to extract the sugar juice;
remaining plent materials, known as bagasse, are often burned to supply
heat Tor the formentation and distillation processes; and other leftover
liquid wastes, called "stillage", must be disposed of.

If starchy or cellulosic materials, such as geod grains and wood,
are used 7or ethanol production, they must first be turned into sugar,
and subsequently into alcohol. The process for grains is that used in
the production of whiskey and other alcohols from corn, wheat, and other
grains. Since the carbohydrates end up as alcohol, lefiovers from grain
mashes used to produce alcohol are high in protein and have been used as
a valuable feed supplement 7or livestock and in U.S. markels might serve
to reccver as much as nalf the original feedstock costs.

Wlood or stover as a feedback is of great interest due to its availability
P1antsAusing acid hydrolysis to convert wood into alcohol have been used in
the United States, the Soviet Union, and Switzerland, and are now being
designed in Brazil. There is also a large hody of related experience with

the chemistry of the pirocess, since the decomposition of wood by acids or

(12) E. Cuelski and Remsay, "Prospects for fuel alcohols from Biomass in
Developing Countries," presented United Nations Conference on long
term Energy Resourccss lontreal, Canada, December, 1979.
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Alkalis is routinely carried out as part of the operation of making wood
pulp, and sugars and alcohols are a common by-product. Enzymes might
also be used tn extract sugar from wood; this method is still at the
pilot stage.

ﬂethano]

Methanol is piroduced through the thermochemical conversion of the
carbon, hydrog~n, and oxygen of biomass materials into new compounds
*hat avo wore convenient for many encrgy end uses. I% involves bieaking
the chemical bounds of the organic molecules through puttiing them under
strass by applying heat ovr high pressures. MNumerous techniques can be
used which vary the heat, pressure, and timing of the process, and thus
diverse fucl Fovms can be produced.

The synthesis gas derived from pyrolysis can be turned into liquid
methanol, by mz2ans of a long-established, completely commercial technology
which involves first "slifting" the hydrogen to carbon ratio to a highor
values characteristic of methanol and then combining them by using

"

catalyst to"roasscuble” tﬁe molecules.*

In this process the carbon dioxide produced is then partially removed by
a hot carbonate system and a crude methansi product created througn a
methanol synthesis and catalysts. For industrial use, this 75 to 90 percent

crude methanol nroduct is then further processed, but such processing may

*

In fact, commercial mathanol is made by "reforming" natural gas into synthntic
gas. A possible alteriate to the production of pyrolytic qas, cleancd biogas
from anaerobic fermentation, couid also be used as a hydirocarbon source to

replace natural gas feed; this possibility has been Tttle examined.

)\



not be necessary for its use as fuel. India has existing methanol plants

using naptha as the feedstock.

V. Indian Energy Policy

The suggested policy for energy use for the Six Year Plan (13) was:

1)

Identification of the consumption pattern of energy in industry,
transport, agriculture and household use.

Improving the efficiency of production distéibution and utilization
of encrgy from all sources.

Development of encrgy generation through efficient and new forms of
utilization of coal.

Development of breeder reactors and utilizing thorium resources for
development of atomic enerqy.

Development of alternative sources of energy, especially renewable
resources (solar thermal, solar photovoltaic, wind, biogas).

Use of agricultural residues, new sources of biomass and waste

material for meeting energy needs,

The suggested policy for agriculture and food (13) was:

1)

2)

3)

Creating higher genetic potentials of yields in pulses and oilseeds

as major strategy for eradication of protein-calories malnutrition.
Upgrading of country's hortaculture resources of fruits and vagetables
and development of improved post-harvest storage and processing technique
to minimize losses. Utilization of agro-wastes and biomass for
production o7 eciergy and various industrial products.

Evolving alternative nodels of a crop and animal production so that

the present highly energy-intensive techniques are replaced with those

(13) "Report on the Working Group on Science and Technology for the Sixth
Plan" Planning Comnission, Mew Delhi, December 1980



which aim at combining high Tevels of production with a high degree
of efficiency in the form of a better energy input-output ratio,
through greater dependence on biofertilizers and renewable resourceas
of energy including solar energy.

4) Selective mechanization of agriculture both for increased production
and to remove drudgery of farin men and women.

5) Experimentation with semi-cooked foods for better retention of
nutritional quality and for freeing women from tedious house-keeping
chores so that taeir energy could be directed to more productive tasks
of nation building.

6) Development of low-cost food mixed for a balanced diet, particularly
for the -vulnerable group of underprivileged sections of the society,

especially children and lactating mothers.

The new Five Year Plan(14) especially recoanizes the needs to develop new and
renewable sources of energy. It states the idea that new energy technologies
are particularly suited for the introduction of small-scale decentralized
energy systems into India's rural agricultural economy. With the possibilities
of the production of energy for domestic use as well as for rural industry and
agriculture through adoptions of renewable technologies.

They hope to enter this development by

1) implementing Targe scale programs in enerqy, forestry, biogas

(social forestry, energy plantations etc.)

2) carry out field testing and demonstration on a country-wide basis of

(14) Sixth Five Year Plan 1980-85, Part II Planning Commission, Government of
India 1981.



near term technologies (gasification pyrolysis and combustion),

3) intensify research and development of other long term technologies
(ethanol fermentation).

The report(13) frcm the working group on energy policy Had suggested:

1. increased forestation,

2. methods of using crop residue as an cnerqy source,

3. biogas improvements and cost reductions,

4. invastigacion of pyrolysis,

. producer gas units for ruval application,

(821

6. fermentation process for liquid fuels,

0il
In discussions with senior officials af the newlv created Commiscion/Additional

Sources of Energy, it was stated(15)that the GOI's aoals were to develoo 11 areas of
biomass utilization with high prioritv to social forestrv and.near term convarsion
concepts and cquipment. The near term processes of course include the continued
distributien of biogas systems in the village but other strategies and develepmenis
are being identified. The Economic Times (16) provided an article stating the
governmerts plans to replace entirely the dicsel oil requirement for pumping by {hn
year 2000. They plan to replace this energy requirement by using renewable

sources including biomass and hydro power. The results are evident. The

Indian Government is dedicated to establishing an aygressive program for

biomass production and conversion.

(15) Discussions held with, C.A.S.E. officials.

(i6) "Diesel Substitution Plan on the Anvil" - Economic Times, July 14, 1981,



The question is with limited resources how can one optimize the effect
and what areas in the biomass program should be emphasized for USAID support.
v Strategy

A suggested strategy is outlined in descending priority. It is hoped
that this strategy will support India's efforts in renewahle enerqy and
provide wise use of USAID funds. The strategy topics in order are:

a) reforestation (social forestry,energy plantations)

b) producer gas pump sets

c) plantation harvest planning

d) other interesting conversion processes

Reforestation

The data produced relating the firewood needs of India and the effects
these needs have had on the forest provides an immediate decision. A strony
and decisive reforestation program must be entered imnediately. The biomass
centers need to be established and their work directed to near term refore-
station goals as quickly as possible. Dr. Seckler of Ford Foundation suggested
a second Green Revolution (17). He provided an cconomic analysis sudgesting the
cost for production of the needed plantations. He infact suggested advanced
payments Tor planting viliage torest, paid directly to the landowner. He also

suggested using small gasifiers to supply diesel enagines Tor pumping water
to irrigate the plantations increasing the production. The conclusion to bo
drawn is the forestry program has to be Taunched immediately, hopefully, fiom

with haste and maximum efficiency for the penefit ot all.

banefit of all.

(17)D. Seckler and D. Joshi "Encrgy from Trees: Thousand Green Revolution."



Producer Gas Pumpsets

Producer gas pumpsets are another area of special interest in forming a
strategy for the conversion processes. The pumpset idea will provides
as small hiomass gasifier producing the gas for fiering the pump's
internal combustion engine. This strategy will require laboratory develop-
ment and field demonstration providing the direction for the commercial
application in rural areas as suggested by the government policy.
The Tirst consideration is the available fuel. In reviewing the
non-commercial sources the agricultural residue data provided at least
the possibility of 1000 + tons of equivalent residue in some villages.
Considering this residue and its use in a downdraft gasifier (19) several
questions arise including; gasifier design, fuel characteristics,
operating performance, maintenance, and reliability. The downdraft system
is normally chosen for running engine systems because,
1) Reduced tar levels in the produced gas
2) increase gasification rates per cross sectional
area of the gasifier.
At the same time this type of gasifier (19) will require a careful fuel
selection (preparation) and controlled moisture content. The fuel selection(19)

is interpreted tn mean the fuel must contain reasonably constant sized fuel

(18) A.K.M. Reddy, "A strategy for Resolving India's 0i1 Crisis," Current
Science 50, 1981.

(19) A. Kaupp and J.R. Goss, “Scate of the Rt. for Small Scale (to 50 K\)
Gas Producev - Engine Systems" Final Report USDA Foresi Service
Contract Mo. 53-319R-0-147.



particles. With the thought of using rice hulls ,rice straw and wheat straw, this

requirement will be difficult to satisfy. Dr. Rogers (20) of the Foid

Foundation has suggested a small down draft gasifier using charcoal instead
of the raw biomass. The 1,000+ ton/village residue surplus could be

charred and prepared as fuel for the gasifier. The gasification than becomes
simply

.,C0

C+1/202
C+2H20.~~——->CO; + 2H2
where of course both the CO and H, are combustible. This gasification of
the charied residue greatly reduces the need for gas clean-up since tne
volatiles were vremoved in the charcoal process. The hot agas from the
gasifier wiil ‘simply pass through a small cyclone, filter combination and
into the engine. The disadvantage of iiis approach is the considerable

loss of energy in the charring process {pvrolysis) figure 7 but this

approach is near term and can use the residuc. The cngine can be either
a dicscl o gasoline engine typically in the 3 to & horsepower range. The
enaine aesitier systems using a prepared char is at the develobment stade
with information on engine reliability qasifier operation and gas quality
needed.

The charcoal system suggested is a bechive kiln type design using trays
permitting the residue use. The produced charcoal would then be prepared by
extruding a blended charcoal, clay mixture through a hand operated sausage

grinder.

(20) p, Rogers "The Economic of a small Producer Gas-Fngine System",
New Delhi; August 1981,
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Prof. Grover (21) suggest a cost of production of 0.35 rupees per
kilogram considering capital, residue and operating costs. The value of the
charcoal in Delhi is 1.3 rupee/kilogram. Prof. Grover needs to consider
several other nyrolysis and extrusion possibilities including Tatom's
designs (22) and other innovative concepts. Prof. Grover will also use
vood in the charring process to compare wood to the residue in the pumping
Systems. The most important part of this work is the actual field demonstya-
tion ond deveicpmant. The success of the demorstration of this strategy in
the fleld will define the merit. The important features of using residuec to
pump irrigation water is:

1) biomass material is surplus

.2) use increases productivity

3) productivity increases surplus (through irrigation)

4) provides new village industry in charcoal production

5) provides additional jobs

6) increased economic income from selling charcoal

7) improved cooking efficiency using charcoal.
The coacept was described schanatically in figure 7 with the principal
disadvantage being the loss of enerqy from the pyrolysis process. Dr.
Grover suggest a pyrolysis process only to the point of driving off the
necessary harmful tars, but whether a village could control the system to

this degree is questioncd.

(21) P. Grover "Production of smokeless Brifuelted fuel from Agricultural
Forest Waste", Chemical Engincering, 1.1.T. Delhi.

(22) J. Tatem et al Pyrolysis of Rice Husks in Indonesia, USAID Project
No. 497-0268.
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Dr. Seckler (17) suggest the direct gasification of the biomass product
as demonstrated schematically in figure 8.

Jyoti Solar Energy Institute has prepared a proposal to investigate
this option. They suggest a three year program involving a one year design
and laboratory development with 2 vear field demonstration. The unit size
will be in the 3-5hp range. The feedstocks will be primarily wood with
crop residue as an alternative if it is a feasible input material. The
fuel preparation step wil: be given considerable attention and the decision
to pelletize or beneficate will be evaluated in the experimental and
design phase. The system as shown in figure & includes wood or rasidue
feeding the gasifier either through the pelletizer or by passing directly
into the producer unit. The gas passes through the fiitering system into
the engine. The gas will contain increased tar levels and filter
performance and engine operational characteristics are kcy points of
evaluation.

Once the two projects are completed it is cssential that reiative
performance can be evaluated and compared. The initial programs should
contain data collection and design quality controls preventing the
completion of the projects without represcentative and complete results
expressed in high quality data and cquipment. A strateqy for providing
this quality assurance is

a. data collection system and design review at the initia) stage

(conducted by Biomass Enerqy System Branch, U.S. Department of
Enerqgy).
b. independent evaluation of two systems figure 7 and figure 8 at
project completion (conducted by Biomass Enerqgy System Branch,
U.S. Department of Energy).
The scope of work for the technical monitor (DOE) is given in Appendix I,

L3
.
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The evaluation will be made using the results of the projects and
will provide a comparison of the two approaches providing the decision-makers
a proven strategy for the 1ift irrigation using producer gas generators. Addi-
tional assistance in 1ift irrigation using producer gas generators. Add-
eagine design chenges will also be provided. Dr. Mathur of IIT, Delhi has
suggasted a development preject in this area. He will evaluate on a short-
term basis.
a. engine selection; diesel or petrol
b. cooling; air or watevr
c. engine iife
d. maintznancs
He will on a lorng term basis provide an ongine design specifically for thoe
- . . _ . Lngine.
producer gas, evaluate materials of construction and suggest the emizsions irum the/
Dy. Matinur will consider these evaluations for both the char driven syston
and the bicmacs driven unit. His worlt will need to be evaluated by LOE o iis

ol
i

inftial visit and his data will be important in the final raview process. Tho
scheduled time pericd is 3 years fovr the development projacis with 0 mointas

Tor the Tinad assessmant and recommendations. His proposai i dnctuded i Apo.l.
Hinausten drawn Doverd Co. of fndia and Sweden has expressed interess 1. Tho
commercialization of this puspset technology.  An ALD sunported market feasinility
study would provide an intaresting carly data point espzoially when one roalizes
that there are <.4 million dicse? pump sets in India today. The considevation of
this market study after the first year of rescarch and develornment snculd Le

progiramsed and considerea at Lhat tine.
nerqy 2lzntation Harvesting Plan

The Guiuvat Forest Deportaent has undertaken an experimental plantations at
Gandhithacar uader dry conditions experimenting witlh 8 different tre2 species on
F.5x1.5 mater specinos.  Tne plantings to dele win

Mbizzia Tebbeck (Sivi's), 79-80-12 ha

5
Eucalyptus hybivd (Wilgiri), 80-81-10 ha
Dalbugia sissoo (Sissoo), 81-62-10 he

. o
A



The harvested trees are to be used in running a 1.5 MW power station.
The station will be designed and built by the Gujarat Energy Board
(GEB). It is proposed that the Gujarat Energy Development Agency (GEDA)
investigate in conjunction with GEB and the Gujarat Agricultuve University
methads and plans for harvesting and transporting tha wood fuel. The
questicns io be answered are:

1) methods of removing tirees

2) mathods for prepaving fuel from the harvested tree

3) transporitation systems

4) assuranca of fuel acceptability at the GEB station

5) cconomics of proposad system

6) field testing of proposed fuel treatment SYSCems

7)  envirommental factors

8) a {inal designed harvesting system for the Gujarat plantation.

The results of this work will provide the country esperience in
“nharvest piaaning of these new Tuelwood plantations. In planning the
harvest new types of chipping designs and wood handiing can be examined
and tested but India's labor availability must be considered ard used in

providing & system benefitting all.



Other Interesting Conversion Processes

The Indian Inctitute of technology Delhi has a Tong history of
research work 1n the area of blo technology of renewable ressurces. They aia
working in severail arecs of bio conversion of lignocellulosic materials iuto
chemicals iicluding eihancl and other substances. The area of prime interest
at the present tiwa is steam explosion of biomass as a pretreatment process.

The pretreatnent pilot scale plant will be used to evaluate this aporoach

~

.
~ 7

Tfor wernlng DTomess foad stocks vound in India.  The precrestieat resttis
il Lo occinais Lo oty approaches and the improvesents wnd kowiedse
will Do dntegraioe wnto now systems.  The proposal is dnctuded in wpencin D,
Several otner interasting centors were visited and researan nrojecis
reviewed {(appeindixn F).  Tho National Chemical Laboratory {NCL) in Pune s
very active i iizsue culture research and have requested support of this
evfort. It aopenrs that coordination of NCL work with the biomass cantars
- Ia

could provide a project with the necded funding. HEL s aiso invoived in
Tignin rescarch howing to modivy its surface characteristics and use the
woditied Tonin oo a polymer filier. The description is included in appondln E.
The requestad Tinding Tevel is beyond the scope of this grant and other
arrangements for funding should be investigated.

The biocencer fu Ahmedabad was alee visited,  The Biocentra is the
Tead institutics foo bydro cavben cupheria productior and guayole investiga-
tion. They are vary active and have a Terce necd Tor cquipment, traved
funds and suenlics.  The work is exciting and very intevosting but it is long
term. Other sources funds need Lo be investigated inciuding othey USATD
sources.  As a Jinal point in the strateqy the consideralion of & bLicmass cenire

a

~ - . - . L ,'- Lot N
Tor conversion pirncesses could provide a focus and 2 special crphasis to the

.

s work to India and the werld, India's Insiicuto of Tecnnology

imporiance of
at Delhi has domonstveted ¢ broad interest and dnvaivenent in tho conversioan

areas includi; sification, pyrolysis, alternate fuel engines bicgas and



formentation. This work is preceding in several departments including

chemical engineering, mechanical engineering and bio-engineering. The ability
)
to form strong worlking groups crossing department lines will provide outstanding

. t o roe ey . . lr.
team for leadervshir in this important area. Tt will be recommended that 17

Delhi be considared Tor this role.
L. Lonclusions

1. India has a severe firewood crisis resulting in large scale

over harvesting and denuding of her timber resource.

N

Reforestation s absolutely essential and the Program heeds

the total support of all India in providing tno nighest priovi,
to this task. This priority has not been ealized to date.

3. Croa residueg appear to provide a small suvplus o be used

as tuzl.  Increased Productivity in the rosidue area can

Sy
(]

multiplied much quicker than in the forest sector.
4. The charcoal production systems will make crop residue more
casily used as a fuel providing @ valuable commercisi product

for tha villages while ceducing some demands on Firewood.

(3]

The curnercia?l producar Jas bumpsets will increase vesidue
proauction and enerqy plantation vields, They witl decrease
india's deamands for inported 1Tight distillaics (dinscd).

6. Bio gas systems can miie an invoad into India'c village scope
SULPIYING some of the needed energy Ter cooiring and Highting,

7. The plantation slanners need to desian of ficizut Tow cost
narvesting avsious designed with the end use properly Jdefined
and considared.

8. India has strectured « el worded eacryy plon with consicaranle

. \
Liowass) soegtor,

attention given the rerowinle (

9. The stirategy in this paper witl aie iy providing knowledae,

equirment . and know how to the enerey plan.



VIII.

Recommandations

1.

9.

Funding of the village ievel charred biomass for irrigation
propozal at & Tevel of $1971,000

Funding of the Jdyoti Solar Institute biomass gasification
demonstration at a Tevel of $130,530

Funding o the proposal antitled Proceducer Gas Powered

Smatl Horse Power Utility Engines for $127,930

Funding of the pretreatment by steam explosion of Diomass

at & level of $220,000.

v propasal for plantation harvest planning be solicited from
Gujarat Energy Development Agency and funded at a later date.
Recemmend thet an effort be made to cordinate and fund o &
Timited hasis the tissuc culture work ai the National Chemical
Laboratory at Pune.

Recommend that DST conciderad naming IIT Delhi s a Biomas Center
for conversion processes.,

Recommard that the Biocenter consider saliciting funds Trow “he
new AID egency account entitled;Scientific and Jechnologice] oo
eration. The solicited funds would nrovide the Biocenter ressurcas
to parfoan thoie Tood vole in providing hydrecorhon cuphoric resear
and guayule development.

Recomnend that DOE's Bicmas bnevgy Systems Lranch Se requested to
provide tecanical menitoring on the funded conversion and planning

projects.

"

S

¢ch



IX.

Budget

1) Village Tevel gasi-
Tication Charred
Biomass for Irri-
gation ‘

(]
S

Jyoti Solar Institute

3) Froducer Ges Powered
Smaii Horse Power
Utitity Engines

4y Pre-treatment Steam
Explosion

(&3]
-

Gujarai Energy Develop-
ment Plantation Harvest
Planning -

6) ECE Technical Monitoring

USATD

191,000

130,530

127,930

162,000

40,000

120,000

171.460

($)

Host Country (Rs.)

11,58,°00

6.72,500

9,17,500



Village lLevel Gasification Charred Biomass for Irrigation

Hardvare

Monitoring Equipment
Calibration Gas
Consumable Material

Demonstration Iquipment

Foreign Travel

Natioinal Traveid
Consultants etc.

Foreign Consultants-

2 trips/yr.
50 days/yr.
pardien

USAID

1,16,000

2,64,500
40,000

1,40,000

3,00,000

4,65,700

Infiaticn
Continagency

Total

53.3% 13,26,200
20% 2,065,200

17,24,000

(= 191,000 dollars)

1,87,500

4,564,400

5,07,000

46.7% 11,58,900



Jyoti Selar Institute

USAID
Equipment 1,719,000
Hardware 1,29,000
Foreign Travel 1.50,000
Foraign Consultants 4,65,700
Staff
Consumables
Consultants (Hational)
Valibration gases 40,000

59% - ¢©,03,700

20% Inflation 1,580,700
10% contingency 9,400

11,764,800

(= 130,530 dollars)

41%

NST

2,70,000
1,87,500
1,065,000

6,222,500



Producer Gas Powered Small Horse Power Utility Engines

USALD
Equipment 80,000
Instrumention 240,000
Consultations 100,000

- Foreign travel 100,000

Foreigi concultants 465,700

885,700
Operational &xpense - h0,000x3
Staif
Consuimables
Consultants {National) 5,5000%3
20% Infiation 177,100
10% Contingency 88,600

1,151,400

($127.920)

DST

2,50,000
4,82,400
1,20,000
_1.,65,000

9,17,400

9,17,400



Steam Delignification of Lignocellulosic
Residues Engineering Research Centre
1.1.7T Delhi (2years)

USATD(Rs.) DST(Ps.)
Herdware 900,060 200,000
Travel 135,000 20,000
Supplies 135,000 80,000
Personne] 135,000
Other Expenses 45,000 30,000
465,000

Rupees 12,715,008 (72%) 465,000 (28%)

Inflation (10£) 1.27,500
Contingency (i0h) 1.27,500
14,564,000

{3162,000)



Steam Delignification of Lignocellulosic
Residues Engineering Research Centre

1.I.T Delhi (3years)

USATD{Rs.)
Hardware 800,000
Trave? 135,000
Supplies 135,000
Personne)
Other Expensss 45,000

I~flation (105} 1,271,500
Contingency (10%) 1,271,500
14,585,000

($162,000)

UST{(Rs.)

200,000
20,000
80,000

135,000

_30.000

465,000

465,000 (287)



Appendix A
INOTAN THSTITUTE OF TECHIOLOGY 1 DELNT =l T

CHEMTICAL ENGINEERING DEPTT,

o

VILLAGE LEVEL GASIFICATION OF

-4 a e marrerow

CHARNED DIOMASE FOR IRRIGATION

1o TWUTRODUCTION

Of all tha potential alternative (unls available -
R PV AP VL

s

in India the ona that i5 most nonlecird ia f;,he-/_\hiomiz:';:;m

It has born cstimated that in India each yeas puer 200
million tons of agriculiural residues are procucard
compared to 130 million tons of unod,

Thare is a world-wide interest in tha development
of gesifisrs Ffor substitution of biomans for fosail
fuels in swmall internal combuction ennines, Smpivical
work has recently bren cocryviod augl oon amall) oyetom in

3

Holland {Tuente), Philippinee {Cyuzd, Jonan (Takade),

.

. 2 . . ) P o
Thailand (Fota Systens, Vatond, Tazania {Tuent=a), UGS,
(Gosr, Taff, Tatom, Pogers), Condda (rellinany ),

" . \ P X e oL
atawmy and Ohann (Tabom), in additien to

-3

Indonesia 0
wotl oo the small syateme trere to plenty of davelannent
o larger systems in uvore and the U85, The bullk of
the rtocoarch 2nd davelonaent, houovor, hao focusserd
upon larqger (154w and aboeve) vmad Tueled mobiio anits,
It is outr belied that theye i a noed for dovnlopnont
of smaller (lees than % kuy biomsse Fueled ghasionery
unite, e end use of carxticula, icnorvitanco in alnost
all third world countrins fo Pty of 1ife ifvsvigoation,

Thre teacsrven cuslined in Yhis croposal o aieosd ot
1ifs favigation for soniler farmere (lenn than Z.0bectaros)

..

in areas  Cthopelatively log 1ifte {af the order of l& “

aontrl, .,


http:I:nnti.Cf
http:nLtrr1'a!.vj




-—

124

Al

'

¥
e ot G

.

"L ' yospy e b £ o
thy UJUhvﬂ’ Useantiaily cant 0V gnd cleandng can bo

<

Toduzed Lo alooat Rothing, wand tho wualiew Sdaum

DM .y

n

int of

SN vy

Nl -~ " o - N 0 5 2,
YrTeD ao ot o) giloug wnoleo aunh wonche ey

Y

that with veed or blemcts fuslo, 2 denlefon So uzg eraroonld
ghig Id nrostly sccolorate tho avellabliiliy of the gaslflon.

onglin ayoteng

It wey ceen etrangn o vecomrang of o Gnidlcd
rocoaveh Footg upan o coorooal fuolod ovelon glucn thel
pivo et The peeblone S ooy Shivd wonlc onuasclon fe

. P, I R RS Y v B e IUREIIY
a sovore ghortoags of wood Puale ond booon enopeoch,
Movooovory S She Loeddtlonal meoduntlos of shagenal 50 4o

2
Ty 67 e s . . B S 19 R s
08 9 v tho on oy oof oo Lolvial oo This in
s oy g o T N NN B PP : .
cho vovson vy wool of Sho caciflcr woacasch hios bewn on

1< RIS D WIS S

wou Tabihcs than chevonod Plaod eypatorn

’ln. [ PR [T NES RO A N on et “ o . Ne -~
QUL UL BOn LG e b wand oo g i PP
r)isg-j(\. Cy o~ o NI O Vs ey e ‘ - § o e ey e s L S A
SRSEN i ncfal omoune of [ B PSR W ,.,.‘J‘-;‘:; DA VAJSSRTY . B

gttt

fl

Y R R

b (e g g,
WO LT

Ty,
s &
s

R e
R

Faded 4

Do

TINN

- ,
.-uu (WAFET

[T
LY

PR

b YoOULG
»e S ey - A e et ey b g O
Uy’ B AP ERAH Y Bl Lo o

n"'"“

.
‘\‘“lu‘ 1t

’,
Uahle

Moo

dabograto

tho o

| ST
Y8 KWl

)

tas fuold [s2

RN

i

dovalopna

).,“‘.uu.«.\. u

(AR o % peeen [T N AR ~ N L, T
Yrom bioo coved whio Canrrial el shan coote v
a1 Lty § oo TR - L X CH IR TR N : IS SR ] . . y
wiIll dovolop cporatliog avotan ot 197 Ootal aed uz i1l
. - [AFS - - - TN . ‘. Yeraey N IR "o
wann Luanmine Chio A ERRACEY Coosent csnannuenlon, Uil Ly
\.'..'..l.....]w‘.r.. R VIS TS RS B o W M SRS S A T i SRS R PP [ DR (.‘.'{,l(.,ll."j G
. N T IR it e o L L T T I U S SO ey B
mondtosdlng of thooo cyotons oLAL s cowevdod oub S eollae
" eneq e e P S T T ' ~, B ey de PO [ e ale
Bavatlon wizh ths U, v, ovigotics douvoyeh Teabtltuby ol
K anplon s sy b Ol Mewm &y r o ey ¢ gy { r
mraes gnd peaekbly Gho Ievligatien Bnpavtoons of Haryw Wi

sonbtd,






material used for construction of gasifier and screnning ond
conling system and Lhe long=timo performnance of the gasifier,

In this reaecarch proposal wo intend to Hse abtandard
small patrol and diesc] enaine for ifvrigation purposes. OF
course in order to uss these engines with tho gasifiers gona
modifications will have to be mado in tham, Hounver, no
major modification nood ba considered, The annine devrnlopment
will will be carvied out b/ @ separats research proaramme
at 11T Dalhiy
. RESEARCH FIRIOD AND ©INIODICAL REVIEUY

Tnls rosearch uill'be carrird out over a period of ifhrea
yaars alt IIV Daelhi., The Instellation of the two field projects
will complete at tho ond of second year and carriad out until
the ond of tha sesearch woarl,

In order to bring togethry vesearch uhich is current ly
under way in India and the Uniterd Statds it_iﬂ proposed to
agsociate wiih this rrseavch projoct a quoun of parsonnol
who are activnly vngaaed In research and development on
small gasifine ennine sysuen,

[t iy propesed that & roscarch review commitier will
be eetallished out ol the pnﬁnl proposod be lau,

Ferof, 1.P. Nhoss Lenpt., nf Aoriculbural Eaginenring

Hpivercity of Calilofnia,
Prefs 0,P. Juin Dirncior, 1.7,7T., Dolhi,
Prof. L.5. ;ha Pducational fduises

Minle oy n¥ rducntion,Govi. of Indiae

Or. V.J, Flanigan linivers ity of Missouri,
Or, Pater Ronors Univercity ol Harvard,
Ory 2.3, Pathal Punjals fnricultaral University. LA

roant el L
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international traynl and noy diom foy b 1,5, narticiponts,
We consldor the internationgl corimmnication part of rerparch
to o critical eolemsnt For the aurccoes af 4. hrojnct,
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5. Tho matariels +r | ey
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7v Tha size of tihe unit and the eizp or thn storago
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B, Tha amount of Parulaticn in Lt unit,

O, i QAT aualityerbemfony el thnrmodymumic.
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CHEMICAL ENGINFERING DEPARTMENT

AUDGETORY MNPOSAL FOR RESEANCH FHOGRARFE
FOR_RESEANCH WORK AT 1,1,T, DELHI,

Cogt of Hardwares

[

1,

{1

All

Appropriate charring umit {1

Various units for hriouettinoe
anrd palleticing

Gaceiflers:

a) Modals for doun draft type

i
tv

(fmount in Rupnoec)

Ho . ) 20,000

30, 000

o g2 A .
gasifiers (4 Mes.) of various

designs ond capacity.
b) Fluidised obeds ( 2 Yos,)
Enginu/pump sotse
a) Diearl pump sot (3 ., P )

b) Prtre 1 enqine (2 - 3 H.D,

)

30,000

25,000

7,000

4,000

Total 1,10,000

the abaun equipment will be

Pnrdio-nous vy,

e
H

sbvicaled or procuved

Rondtorinos (Inctrurento} soudoaend

1 s

For charring unit and “ricucited fuel,

a) Flou meters, teapntabture indicators

E

S B

0, 500

bY Pomh calorimsler wyith dicitsl

Al

cabput {(franrseal,

D) TOA and €

Aounito

16,000

T
(available in tha docarinent) il

) Rutomatic carben-hydronon
analyser (Imrorted).

e) Digital vubpub micio-halance
for above analvols tmoarted), 30, 000

FY Shattaring tant nouirment for

selin fuel,

2,000

contde, .



Ca

0.

v

a) Muelti-channel gas anulyser Poy

b)
)
d)
e)

?)

0)

Cogt of copsumoble malterial

CU, l-:r)?, “7 and Py el e hing

(preforably Carla tyre) (Innorted)

Gaa filter media fFor high
temnerature {(importad).

Prossure Transdscers (10 ng)
(imported),

Multi-channal roceas acanning

cand data recording unit for

flulidised bad (Imported),
Speclal thermocouples (imported),
fnlaroid camera {2 Hos,)

Films for above (2N Nos, )

Total

o

Cost of fovifcultural Residua (15 tons
o Py,

500 per ton,

.

itaannnts and chapnioals,
Ineirgmonl repeivra eiho,

Inculntion and nbtheoy materials,

1

Foy danonastynticn uaita in NY]

villanas

f)

h)

(e unt b eanh )

PO TR A, . - e

Chareing unadls 2 fos,

Sriguatiting unlty 7 Nos,

Casificr 2 Nog,

Cnninos 2 odos,

60,000

10,000

25, 000

50,000

10,000

6,000

1,500

. 42 e o 108 20 0 on e 3 ot

2,54,507

7,500
20, PN

25,000

—

60, 000
20, 0N
10,000

10, 000

conld., ..



Fo

@) Operation expensaes including lahour,
travel, stay expanses, security
otc,

4n, 000

taen e i e e T+ e <brare

Total 1,

Thaso expenses dao not inclido Lhe infrastruct

by UP Irrigation or HAU or any ntheyr field ag

Parsonnzl and staff for the nroject (yearly b

1t e s e ot e, a1 1 e 0 et e 08 St e ot et ¢ oL & g o rme Sy e et o oD - nom—

i

2) Senior Sclaontific 0PFicer-I
Quelificationg: Ph.D, in Chem Cnna,
{One post 7 M. 20n0/— pom,)

b) Senicr Scientific OFficer-iT
Quaiivicatlions: M.Tech. in Chem.tngq,
(tmu Posts & Mo 1500/- Doite PO DOTSOH) 36,

c) Chemist Por analysis
Qualifications M.5c. in Analytical
Chemicstry (One pont @ k,1000/- o, ) 12,

fAssistants

Jocholoy in Chem, " nag,

(7 pmstmg GRe (Jrch Por charving,

briogue'tin 0001\‘\dt1nn and nnqinn
Tunning 4n 1000/~ neme por ww*nnn) 6,

Latr, Atlendanta % Fittnrn/ﬁocnnnn'atiun
Psaslatante,

’

(6 puste 0,400/~ pat porson) 20,

Q
~—

f) Reseurch fssoclate
Enerqgy wosourco €conomist @ M, 1500 pm, 18,

r————a

Totals 1,54

m) Consultancy charnqona to be pald to
Conaultante invitad to advisce on this

Project at the o ates of 1,500/ per

day, S0 @andays pey voenr, 25,
L) Travel cxpenses to invitad Conaultoanta

and investigators, 30
¢) Formigrn travels 2 tvips por yeoayr

@R, 50,000 per trin. 1,00,

40,000
urce provided
ancy,

.
2318

nnual expenditure

24,000

ano

00

non

301

0o

o Ve v ww amiae

. 800

0an

. 000

o

T S s Bk e 14 e e e es e abee

Tatal: 1,04,

oon



d) Labour charges to Instt, staff. 10,000

]

) National travel RXponses., 20,000

V Pay yo0l) exnonupa,
(Approximately 10% of dirpct vanes ., 16,000

) Orfice cxponses like statloneyy,
report writing, zernx, purchase of

booka, putilications eic, 30,000

; Coptinaency. 38,000

Total: 2,69,000

Total yearly exponses (£ & F) = 4,23,800

For thren years = 0,23,9

Total Exponseys

A, Cost of Harduato 1,160,000

B, Moniftoring equinpment 25 54,500

C. Cout of consumable materials 62,500
D, Villann Demonstration unit 1,460,000
Eaf (Ffor 2 vearg). 12, 71,400

b o, e a ¢ @ e et

Nrend Totals:s 10,444,400
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HA
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N T

5,000 ,C0
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1,600,020 ,00

— I
dg, 1,55,000,00
— —



http:30,000.00

Appendix €

Development o7 Dio-Mass Gacifiers and Interpal Combusiion Engines:
(3-5hp)

An alternative for utilizotion of bio-mass is its gasification to
produce & combustible gas which could be used for runaing an intarnai
combustion cugine, which in could be coupled to an electric power genera-
tion system ¢r to & pump, or could be used for providing power to aiy
mechanical davice.

Sib~mas: croiviers avo appropriate in all senses of tho word;
teconology eauivad Vo fabrication, operation and maintenance is sinple;
they ave colaciveiy tess aopensive: thay use locally available rosourons:

tney ave afvicient tnosmeil sizes; they do not emit noxious pollutants;

they can utilize o variety of resources and so on.

The systom efficiencics of biomass gasifier systems cempare vell
Hith other means of utilizing bio-mass (Table 1.). On the basis of
thesa offfciencies and estimated celorific valud of food material at
35600 keot/ihg, cpprovimaieiy 1.3 kg of input will be necessary par kuh
07 povier produced,

It dis sometincs avqued that any schems for utilizing Tocsl resources
1s bound not to succeaed, as these resources are nol waste in Titeral
sense, they boing put =0 scwe vse in a system.  For oumple, rice strav
though genaraily considerad x5 waste is used Tor thatching of voofs. Use
of vice straw in bio-mass gasifiers vould therefore male it unavailabie
for thatchiny, vor wivich no fmmediaie substitute is lecaily available. It
has however boen shown that the extra agriculture] waste productlion os a

result increased yleld duz to drrigation, and other modern practices



made possibic by availability of power would alone be sufficient to meet
the requiremants of gasifiers. In addition, if gasifier program is
coupiced with atorestaticn, the requirements of biomass gasifiers could
be met from additional firewcod that would be available.

Developiment and demonsteation of viability of gasifiers compatible
with the properties of available resources :nd with the requiremervis of
an area under consideration, thus becomes very desivable. Jyoti Solar
Enevay Institui. with their experience and conmitment propose to male
a beginning 10 this divection by launching a developmeni and garsnsira-
tion project or bicmass gesifiers and internal conbustion engine
systess dor use dn Indien villeges. 1t is believed that such a systen
could gz & Geny way Tooevercoming the constraint of availability of
energy in development of these viilages.

In the following, complete details of the proposed project
including techﬁo]ogicc] and Financial requirements ave qgiven.

Propaserd Proaii

1. Program Uajective

Asorzntioned in the pireceding paragraphs, bio-miss gasification
and motive povs geneveiich used Yor group set appliceticn ihereo? is the
pest suitabln wor Tadia's vitiaoe scene. Tor such roaicis, 9. 1s
desirvoble to develop @ small ongine to deliver pouar suiiizicnt Tor the
Tocat pumpse® voquivemencs. It is believed that a £ bicmass gasifier
would bo adequane to weel varicus needs of those hitly vecions.  The
cbjective of the prgramne thevefore would be

(1) to develop and demonstrate a & biomass gasifier-cum-internal

caibustion engine.
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2. Program Stages

With the above objective in wind, the program is proposed to
be divided into undermentioned stages. These stages may or may not
bear a separate temporal identit: 1in which case the division would
Just underscore the tasks to be carriod out:

1. Design and development of a 5 gasifier

2. Hodifications on a 5 engine to run on the gas produced

3. Trials and Taboratcry demonstration of the 5 gasifier
and internal combustion engine system

4. Field demonstration of the 5 hp system

5. Design and davelopment of the 5 rice husk gasifier

6. Developmant of 100% gas run engine

3. Program Hanagement:

The principal investigator for the program will be Dr. R.M.
Dave, Director o7 Jyoti Solar Enerqy Institute. He will be assistoed
by De. B.C. Jdain as Technical Adviser.

itis propezed to hold quarterly consultative meeting between
dyotl Solar Encegy Institute and the USALD for review of Prograss.

Jyott Sotar Enerqy [nstitute would also submit o etarterly
repori.  The UEAID on the work corried out and the progress made,

£ocompreiensive veport giving the details of werk carried
out and expavience gathered will be submitted to the USAID at ihe

end of the program.
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The Jdycti Solar Energy Institule is attached to Birla Vishvakorma
Mahavidyalaya {Enginazering Cotleqge) which corducts Undor Gradiate as
well as Graduate programs in Engincering.  Since its estanblishment in
1979, CJyoti Solar fnergy Institute has undartaken nusber of rescarch
pregrammes, a 1ist of winich alongwith funding agencies end Funds
received are gien ia Annexurc 2.

The Tolleve ds ecuipned with scientitic equipmants necescary for

o camr et e e T e A I [N N T P T B TN
MIASLPIR2NG O i oo, d Vi amaniities. Its Lorishicn s L:L.;IH‘I);A:(.I

. friel or el Leabla

vt various ooty cnd machings dov fabvication of differonl iohs thal

FRRE WIS BN)
¢ non

would nave to be careicd cul a0 a pavt of the propost vescarcn exsrelsn.

In addition Lo above, the Collave poscesses an updratt type charconl gas

produccey coupiad with o gas crging. Currently, ctiempis ave being made

To comrissicdg this gos producar-cui-engine unit.
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dyoti Solar Institute Biomass
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Appendix E

Materials Engineering of Lignin/Cellulose

Waste [Polymer Science and Engg Project]

Objectives :

Develop coupling agents/surface modification of Lignin and Cellulosic
fillers for use in polymers.

Develop tecinology for turning waste wood (chips, saw dust, bagasse,
cercal stocks) into highly engincerad wood sheets that match the size
and strength of plywood at a cheaper price.

Potential End-uses/applications

Fillers and extenders for polymers
High quality building materials to be used for makiny pre-fab home

compenents (walis, floors) furniture etc.

A variety of cellulosic waste materials with high lignin content (20-25
percent) cre available in India. The amount of bagasse produced in Iadia
in 1977 vas £.% willicn tonnes on a dry basis. Bagasse contains 45 per-
cent cellulose, 20 percent lignin, 28 percent pentosans and rest sugar aad
minerals. Waste Vignin from pager mills is curvently heing dumped causing
environmental hazerds due o its corrosive characterisivics. Cereal stocks

from farms, suuarcane trash etc. are availabie in large quantities which



are currently burnt. There is need to develop value-added products
from these waste materials for better indigenous resource utilization
and to reduce environmental pollution.

Scope:

The project involves exploring chemical modification routes followed

by product development by using composite technology. Lignin structure

has hydroxyl end phenolic greups, and also a few points of unsaturation.

These offer sites For chemical modificatien via reactions with alcohets,

acids and vinl mensmers. A few examples of the approaches ave given velow:

a) Hood waste is a naturally occuring, weak fibre invorced composite.
I the bonds between the strong, cellulosic fibres and the Tignin
matrix can be strengthened by impregnation with suitable cross-
Tinking agents follawed by in-situ polymerization, strunger composites
could be obtained. Aliphatic and aromatic bicarboxylic acids, cavberyl
ended polyesior fibre wasie, vinyl monomers and castor oil would be
tricd as crosslinking agents.

b) Lignin surface will be modified by suitable coupline agents with

| oster or amide groups at the free ond for‘using the modified Tignin

in polvasters, nylens poloyolefine.

c) Reactions of ligpin with asphalt will be crplored .
d) Material systems will he developed by mixing the wood waste witih 5

percent resin (urea Tormaidehyde, phenolic, isocyanate qlue) and

wax followed by curing of the thermesets.

4



Once the preferred chemical modification routes are estah-
lished, the kinetics of preparing the materials will be investi-
gated for deveioping economically viahle conversion processes.
This would involve studies in rheology, foaming, effect of filler

dispersion on composite properties etc.

Budnet
Zquipment $400,000 - 400,000
Foreign Travel $ 2,000
Perdiem (3 months) § 7,650
Totail:- § 9,650 x 3 - 28,950
Fareign Consultants
Travel 5 2,000
Perdien (30 day x 85) § 2,550
Rate ($192x30) $ 5,760 :

§770,370 x 3 - 030,930

459,880



INSTITUTIONS IN THE U.S. FOR COLLABORATION

ON THE LIGNIN-CELLULOSE PROJECT

Forest Products Laboratory, Madison, Wisconsin
llashington State University (Prof. John Talbott)

Southeastern Forest Experiment Station, Athens,
Georgin.

Purdue University, Lafayette, Indiana

Empire state paper research institute - (Prof. Leopald, Prof. Cence
and College of Fovestry - (Prof. Schuerch, Prof. Smid

State University of Mew York

Syracuse, MNew York 13210,



Itinerary

Delhi
Delhi

Ahmedabad

Yallab Vidyanagar

fGujarat
Baroda
Delhi

Delhi

Bombay

Pune

Delhi

ford Foundation

I.I.T. Delhi

Biocenter

Jyoti Solar
Institute

Jyeti Energy Div.

Ford Foundation

I

khadi & Village
Industries Commission

Mational Chemical

.1

Dethi

Laboratory

I.

I

T

Delhi

Appendix F
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Dr.
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Dr.
Mr.
Dr.
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Peter Rogers
P.D. Grover
Suresh Patel

R.. Dave

B. Mazumdar
D. Scckler

H.B. Mathur
V.N. Sharma

. Ramon
. Mashelkar
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Appendix G

Figure 1 shows & plot of population versus time for India. The
data was plotted from the 1981 census report*, paper 1 of 1921, The
population level 15¢1 was recorded 683,810 people.  Extrapoloting the
data to 2000 using first point (1951) to last point (1981) provides
a 2000 populaticns of 880 x 106 peeple using the two Tast points
(1971-81) provides a 2000 population of approximitely 9.45 million
peopie both of the ftwo extrapolation methods are conservative becuase
of the compounading cifest provided by the growing numbars.  Also shown
in figure T s fhe ron-commercial enevgy levels with a first point to
last point extranoiation.

Figure 2 plots the fivewood use, crop residue use and animol dung
use versus time. The data (2) represents the demand for these 3 fuels
forwing the non commercial secior. Parikh suggested a Tivowood need
by 2000 of 350 x 106 m;. Plotting thiz point on figure ? provides the
extrapolations as gronhicaily demonstratod.

o e 6 9 s ) -
Convercing the 350 x 100 m fe population using the average 0,38 mter
per perscn (2) reveals o 2000 population of

. 6
350 x 1N - L6 o
sl m o 7]y 10T population

.38
. R , . s . . . . g & 3
STightly beiow the extrapolation of Tigure 1. The sugoestion of 350 x 107
by 2000 certainly is not a urreazonabic assumption and in fact is conservative.
the only reascin the demend won't Lo at this level is vhat the fivewood will
not Le avaiiable; unless prowpt and eifective evaluated sction s begun.
The Tack of fivewood will shift the use to crop residue and dung

as they romzin evailable.

* Census of India 19271:
P. Padmanabha "Provisicnal Pepulation Totals"
Paper 1, 1981 Registrar Domand & Census
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Appendix |

Energy Impaci {Agricultural waste - charcoal)

The use of agricultural residue as a fuel for charcoal could make
a significant jmpact on the total enerqy demands. Table 1 provided
agricultural waste levels at 200,000,000 tonnes for 1975-76 of course
thase quantities have alternatoes uses. But just considering converting
25% of the residue to charccal would provide:

200,000,000 tennas x 171 = 50,000,000 tonnes
Ascumz 407 moistare
Dry rroduct
50,000,000 x .6 = 30,600,000 tons
Mitlion tonnes of coal replacement
30,000,000 x .85 = 28.5 mter
Assume 55% cnzrgy convarsion to charceal
28.5 mter x .55 = 15,7 mter
Total non cemmercial energy

1975-76 191.6 mter

0% conversion

31.4 \ y
ToaTE o 100 = 16, 1%

Jor .

The energy impact would be 8.1% of the total non-commercial use in 1976
using only 25% of the aveilable residue, using 507 the impact would be
16,24 of the non-comverciel quentity.

The original pumpset idea suygested is really bevond this consideration becau
the use of the Tuel in @ pumpset Lo irrigate unirrigated Jand will dincyease Lhe
yield. DOr. Rogzrs of ine Ford voundation (Nelhi) predicts a 3% yield

increase roquirved to provide 1500 hours of ivrigation. This increases

q\



seems to he in the realm 0F possibilitv. The charcnal used would be produced
by the yield increase providing increascd profits from the crop still leavine
e remaining residue to be used or sald either as rosidue or charcoal.

[T 25,000,000 hectars (suiggested by Dubey) were irrigated

_ K ,
assuming 12,500 m™ of watevr/ha

2 R
N] )

12,500 m Jha x 29 x 100 ha = 412.5 x 1007 w”/vear (assuming 16 meter
"
1ift) (diesal cost of 1833.6/25,000 m~ of water)

Y

1333.0 ruraes I VA . 1
TN e o & 212,10 Y vear = 22,9 % 10 Trupees
SROTPS S A N b ~

12

S R R,
S8 runeoes/loter

7 C N e - ~ TSN . . '? . - .
22.9 x 10 vUbees = 7 5 w10 f Titers of diesel

Using uwredusor gas to irrigate this planted 25x106 hectares would
save 7150 billion Titers of diesel while ciimiraling the fuelwood

cirisis in India,



Appendix I

’

Scope of_Hork_{Project techni cal menitors)

The Department of Energy, Biemass Energy Systems Branch will be the
technical menitors for the USAID aiternative Enerqy Resources Developrnient
(306-0474) as velated to Conversicns Processes for Diomass fuels. They
will be responsible for

1) Securing Frojecl Plans
statea objectives
nrojects schedulas

)

\
I ) - - . .
% plonned rates of expenditure
v

J

a prevarcd and approved scope of work for each project

ciuabing fhe ewuipment

a
b
c
d
2

a) desicns
H) date gathering systicing
c) saiaty nlans

(&%)
~—

Quality sesurancs ond quality control
@) providing and initizl visit for data quaiity assurance
b} nroviding on site visits annually

=
~—-

Securing progert sentis

a) confract reragrmant status reports (monthiy)

h) project vechnicad stotus veports (monthly)

c) a drafi techidcal roport end a Final technical
report fion ench projoct.

6) Pecowmending project modivication:

a) modifications par necessary desian changes

b) modifical on: por sehedule over-runs v

c) madifications/technical results sungesting a project termination
wpochante of direction

d) teratiaation due to Tazk of progress

6) Evaluation

a) cvatuation of compleied projects results

h) comparison of pump-cel operation via divect biomase gasification/
charved biomass gasification

¢) recommendation for nroject direction and management decisions.

-3
—

Renorting ko USAID India Hission

a) monthly status report to YSAIE mission [ndia providing project
status

b) monthiy managernent report deseribing scheduling and budgeting
percents



c) draft final report and final technical

sunmarizing the rescarch «ffort end it

and recormendation.

P
S
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C
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Appendix J
Priorities

The project priorites were established by

1) dear tevrm technologies

2) Balance between conversion technologies

3) Assessment of the effect on the village level

4) Probability of success
5) Project cost

6) Basic or apnlied research

The pricritics were assessed by determing the projects response
to the & items. The gasiTication projects are near term proven
technologies which require demonstraticon and Vimited develonment. The
charring pyrolysis nroject requires adaptaticn to India's crop residues and
innovative designs steps for providing a prepered gasifier Tuel material.

The pirobability of success of these prejecls supported by the
engina work has a aigh potential for making a real dmpact upon India's
energy needs and her agricultural sroduction.

The harvesting study s near term work with ¢ Tow price for conducting
the work., Tt will vrovide guidelines for later work and really acts as the
pilot project in Indio for this type of effort.

The fermantation work was chosen oy asking HT {for their recommendation
noregards to the work they assescsed {o have the highost priority. This
work i< «1sc neartern proven tconnoloqgy which noeds Indis demonstration and
assessmant,

The ferimentation woirk at Punc has rcceived 4o, sponsorship and the
Tegnin project was simply to expensive for the limited budget. The
tissue culture work was suggested to have the highest priorvity o NCL but this
funding nceds to he coordinated through the biomass production efforts not

through the conversion considevations.

o
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