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I. Summary 

Tiils 
report investigates the energy use levels in the non-commercial
 

sector. The non-commercial energy supply is from the conversion of fire­

wood, crop i-csidue, 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 orns, including heat or other useable forms of chemical energy.
 

These thrce products, niaku up the principle
 

or rore rdc used f oais of biomass in India and there descrip-
U resource 

tlon Oescribns tho biomnass sector. The energy policies of India are 
reviewe)d especially as they reiate to renewable biomass sources. Froln these 

policies a stracogy I- developed for providing increased biomass fuel stoc :s 

through reforestati on, irrigation and planned harvesting techniques. 

The forestry program is given top priority and a research development 

program for prlojucer gas pump sets is suggested. The biomass fuol for the 

pumpsets can be either crop residue or fuelwood. Systems for the use of 

the crop residue or the fuelwood will be suggested where either the products 

will be charred first and then gasified or gasfied directly, The results 

will provide an evaluation of the two options. The pumpset will supply
 

fo iirrigation he crops or wood plantations and in both cases biomass is 

used to increase the biorass product. Crop residue amounts presently appear 

as the only biomass material with a small surplus and the use of this 

surplus .o increase the supply is attractive.
 

Another area for consideration is planning a harvesting system for 

a maturing fue-;'cod plantation. The study will provide a tool for maximizing 

the efficiency of utilization in driving the planned 1.5 MW) power station. 



The last research topic is providing limited support in the area of alcohol 

fuels with suggested funding of the pretreatment work at IIT Delhi. TI'e 
steam explosion process is being considered, examinitig the adaptibility 

to Ind'ia's biornass feeds. 
 The pilot scale system will be modified as
 

required to improve its performance. 

The suggested projects in this paper should make optimal use of 

USAID's limited financial resources while having a high potential for
 

truly incrcasing -i:ie fuel supply of India. 
 it is also veco=minded that
 

IT h c "Ah Bicass Centre for conversion processes along with
 

tho Pitanical iWsearch Institute Lucknow, and Mai.urai Kairaj University, 

V-durai as Biomass Centras for production. The details follow 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 living 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(Ti). 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 million people. The energy use was divided into two principal
 

categories:
 

. Commercial energy
 

• Non-commercial energy
 

III. 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 categjory, directly relating the movement 

of India into modern industrialization. 

Non Commercial Bionlass Sector) 

The non-commercial energy use is defined from the conversion of:
 

firewood
 

agricultural a,.-ste
 

animal dung
 

into other energy forms in the household sector.
 

(1)'%Iational Paper' United Nations Conference on Renewable Sources
 

of Energy; Nairobi, August 1981
 

(2)"Report of the Working Group on Energy Policy,' Government of
 
Ind.ia 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% othar 

The 50% total use in the shousehold sector is principally supplied by 

non commercial 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 Energy 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 firewood used in organized industry, 20 million tonnes in 

unorganized industries and 30 million tonnes of bagasse used in tile 

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 owned plantations wood lots, roadsides,
 

banks of rivers and canal, parks and other miscellaneous sources. The
 

forest cover is 23% of the total land mass (approximatelv 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 material
 

with the econcmic factors favoring materials and fiber.
 

In 1975-76 the annual firewood consumption was estimated to be
 

203 million cubic meters (3)with an estimated 13 million cuoic meters
 

from India's forest. A quick glance at these numbers and a reminde, of
 

the principles of the conservation of mass reveals a huge 90+% deficit "ill
 

firewood production with the remaining coming from farm forest and tree­

lands outside the forest. These alternate sources have been severly
 

depleted leaving pilferage to provide the total suggested.
 

The results of these demands are severe deforestation and forest
 

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 million cubic meters by 2000 while the National Commission of Agriculture(3)
 

(3) "Production and Availability of Biomass: State of the Art Report"
 

Department of Science and Technology G.O.I. New Delhi, 1980
 

(4)S.P. Dubey and R. Chakravarti "Forestry for Rural Energy Production
 

in Tndia", ESAP/FAO/UNEP Expert Group, Fuel and Charcoal, Bangkok,
 

May 1981.
 

(5)Parikh K. "Energy" Mac Millian 1976.
 

*1
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predicts 256 million needed by 1980 and 300 million by 1990. This hypothesis
 

points to a deficit of 100 million cubic meters by 1990. These projections
 

3
are shown in figure 2 along with the 13 million m accounted for production in
 

1975. The energy policy group though suggest a different demand curve as shown
 

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, espaciaily 

after 1987. The efficiency increases will be provided by improved stoves, rural 

electrification, and increased biogas utilization. These projections sei vetr, 

optimistic anld disagree with many others. Even so the government believes thai: 

the demands for fuAl wood can be met if an adequate investment is made (2) in 

social forest programs and present stand improvemenLs. However, Dubey (4) 

suggests chat 25 million ha of waste land be turned into forest or plantations 

immediately to provide the future demands. He further suggest that the real
 

energy crisis in India is not the shortage of oil hut the shortage of firewocJ.
 

The rapidly decreasing availability of previously free firewood will have series
 

social ard economic effect on the welfare of the poor. In conclusion India has
 

a 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) Wood iq 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 reducini the problem have to consider the
 

entire energy, economic and social system and any attempted shifts in energy
 

usn patterns will be difficult to program and realize.
 

I
 



Agricultural Waste 

The agricultural waste level in producing the non comm ercial energy 

quantities was assumed to be 15% of the total value. The actual 

quantities available ,e Js on the crop levels and the end uses of the 

actual residue. Table 1(2) shows the production amounts 

Desrciption Area(thousan Ad cres) Production 
(thousand/ 
_ tonn es)__ 

Agricultural 
(thousand/ton

Waste 
nes) 

Rice 39475 48470 77984 
Wheat 20454 28846 50480 
Maize 6031 7256 8707 
Cotton 7350 1012 303C 
Jute 584 755 1510 
Barley 2802 3192 4788 
Other minor groups 67422 36157 28926 
Sugar cane 2762 140604 28121 
7 o t a 1 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, used for fodder as roofing material , for composting, and other needs. It 

appears that this residue at least in some limited quantities could e 

available as a fuel. A paper" by Gupta eLal (MJ) provided an energy balance on 

a Punjab village. The major crops werie wheat , maize, paddy, cotton, 

groundnut and fodder. The waste generated were animal excrita, crops 

residues and left over fodder, The quantities of surplus paddy straw and wheat 

straw were 14.7x0 3 and 14.40103 quintals respectively. The total energy of 

9the surplus residue and dung would provide 101xl Kcals of energy. The 

input energy to the village was only 7.8xi0 9 rcals. Fiqure 3 taken froii 

the paper shows these comparsions. The main conclusions for this report 

is the avaialbility of approximately lo [nLonnes of coal equivalent crop 

residue/village at least in this area. 



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 evist.
 

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 energy 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 after 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 conversion 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.1 

(7) 	 "Biogas Technology and Utilization: Status Report", Department of Science 
and Technology, GOI, New Delhi 1981. 

'It
 



Figure 3 
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Figure 4 

Consumption of Non Commercial Energy 
from Agriculture Waste 
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Figure 5 

Projected Demand Non Commercial
 
Supplied by Agricultural Waste
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Figure 6 

Past and Projected Use
 
Animal Dung as an Energy Source
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Combustion 

Combustion is the oxidation of the two primary combustable elements in 

biomass fuel. The equations are: 

C + 02 = CO2 + heat 

2H2 +02 = 2H20 + heat 

Energy production using the combustion process is a controlled burning
 

attempting to maximize the heat release from the carbon and hydrogen
 

elements of the fuel.
 

The oxygen for combustion is normally supplied using air. This burning
 

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 temperature approximately 212' while permitting
 

the water to evaporate. The distillation stage occurs as the biomass particles
 

temperature bagins 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 appreciahle amount of the released energy. Once 

the volatiles have been released or driven off the remaining fuel is char or 

charcoal. The charcoal ismostly carbon mixed with the non combustible ash
 

of the fuel. The carbon is consumed as oxygen comas in contact with the
 

exposed charcoal particles completing the combustion process and leaving
 

the ash fraction as t e remaining residue.
 



ThO 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. All the biomass
 

forms of interest (firewood, crop residue and dung) are used for heat
 

production through the combustion process in the non-commercial and 

commecial 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. 

Gasi fi cation 

Casification is an old technique which had received special attention
 

in Europe during World War I. Since that time the availability of oil 

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 latent chemical energy 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 CO2 and H2O to produce CO and II2 . 

c) 	Reaction products flow from the gasifier as a heated gas and tar 

with char collecting as solid particles. The division of the gas: 

tar, and char depends on the gasification temparature. The energ., 

value of the gas will be 100 to 5Ou utu/SCF depending upon the 

gasificatiun process. 

(8) 	 ood consuming cook stoves: a Design Guide" , Vita/ITDG

Publicatinn, Mt Rainier Maryland.
 



The four basis process for producing gas are:
 

* Air gasification 
• Oxygen gasification
* Steam gasification 
* Pyrolysis
 

Air gasification simply follows the previously listed steps normally
 

producing 100 to 150 Btu/SCF gas. 

0:ygen Gasification uses purc oxygen instead of air for the combustion in 

the first str:p of the gasification process. The gas produced is medium Btu in 
the 250-350 B'tu/SCF ra nge. This gas is normally good for use as a iethanol 

feed stock or as a ful21 gas. The principal Btu increase is derived frmn 

eliminating the nitrogen dilution in the air gasification. Temperature contorl 

will be a problem, and steam is often used for controlling the high tempera";,ule. 

Stean gasification omits the first step of the gasification process and 

the heat must be supplied by highly superheating the steam or by external 

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 system 

for producing town gas. 

Pyrolysis is detined as the destructive distillation o1 biomass wizn
 

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 e;xcellent 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. Knlght "Py is of Pine Sawdust," from Thermal uses and Proprieties
6f cabohydrat . Lignins, Acadumic Press 1976. 



i 

There are site specific locations where both medium sized pyrolysers and 

gasifiers should be considered. This subjectt-ll be further discussed in 

later sections with specific emphasis to the village scene and its
 

specific bicnimss resources. 

Digester 

India is a world leader in the implementation of this technology as 

demonstrated by its development record. 
The biogas systems are anaerobic
 

ester p';oducirg ccm ustible gas from the feed materials. The most 

common feed mateii is animal dung but algae, crop residues, forest 

litter Lg ag giass, human waste, paper waste sea iweed, spent sugar, 

refinery waste, straw, and water hyacinth have been used. Gas yields 

varying as a funrction of the material have been suggested. Normal yields(lO) 

from cow duno are 30 liLtres/kq with a 30 - 40 day residuce time. The 

gas produced is approximately 50-60% methane and 30 to 40% CO2 and 5%H2 . 

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

lighting, or used in other energy processes. The outgoing slurry stil ;as 

its prinzii)al iryrdients and has become enriched in nutrient contents. India 

has installed 00,000 plants (l) and are encoura(jng construction of 

3,000,000 plants during the Sixth Plan. They have several different des'i:;.s 

With continued i niprovements in operations and efficiency provided by i, 

understa.nding i tthe mechansms. The Indian level of e;pertise appears to 

lead the world in this area. India's .technical expertise(lO)has been requested and
supplied .i;i Tanjani aBotswana Sril anka I raq ,Nepal ,Iran and Sanialia. 
Liquid FuC's Processes 

The two liquid fuels co;isidered are methanol and ethanol. The procnse.s 

for providing the 1iquids are ferimlentation for the ethanol and therochevai sal 

processes for the methanol. 

(10) 

(11) 

"Gobar gas: Retros'pect and 

Bovibay, 1979. 

"Bihar to build 720 'iogas 

prospects," 

plants," 

Khadi 

Economic 

and Vi

Times, 

llage 

July, 

Ind. Comm., 

1981. 



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 pl.nt materials, known as bagasse, are often burned to supply 

heat 	for the fArmontation and distillation processes; and other leftover 

liquid wastes, called "stiliage", must be disposed of. 

if starchy or cellulosic materials, such as good grains and wood, 

are used for 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, leftovers from grain 

mashes used to produce alcohol are high in protein and have been used as 

a valuable feed supplement fjr livestock and in U.S. markets might serve 

to recover as much as half the original feedstock costs. 

Wood 	 or stover as a feedback is of great interest due to its availability 

Plants using 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 body of related experience with 

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

(12) 	 E. Cuelski and Ramsay, "Prospects for fuel alcohols from Biomass in 
Developing Countries," presented United Nations Conference on long 
term Energy Resources; Montreal, Canada, December, 1979. 



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 to extract sugar from wood; this method is still at the
 

pilot stage.
 

Methanol
 

Methanol is produced through the thermochemical conversion of the
 

carbon, hydrog'ni, and oxygen of biomass materials into new compounds
 

that are :ore convenient for many energy end uses. It involves breaking
 

the chemical bounds of the organic molecules through putting them under
 

str2ss by applying heat or high pressures. Numerous techniques can Le
 

used which vary the heat, pressure, and timing of the process, and thus 

diverse fuel forms can be produced.
 

The synthesis gas derived from pyrolysis can be turned into liquid
 

methanol, by means of a long-established, completely commercial technology
 

which involves first "skifting" the hydrogen to carbon ratio to a higher
 

values characteristic of methanol and then combining them by using a 

catalyst to"reassemble" the molecules.*
 

In this process the carbon dioxide produced is then partially removed by 

a hot carbonate system and a crude methanol product created through a 

methanol synthusis and catalysts. For industrial use, this 75 to 90 percent 

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

* In fact, commercial methanol is made by "reforming" natural gas into synthetic 

gas. A possible alternjate to the production of pyrolytic gas, cleaned biogas 

from anaerobic fermentation, could also be used as a hydrocarbon, source to 

replace natural gas feed; this possibility has been Ittle 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.
 

2) 	Improving the efficiency of production distribution and utilization
 

of 	 energy from all sources. 

3) Development of energy generation through efficient and new forms of 

utilization of coal. 

4) Development of breeder reactors and utilizing thorium resources for 

development of atomic energy. 

5) Development of alternative sources of energy, especially renewable
 

resources (solar thermal, solar photovoltaic, wind, biogas).
 

6) 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) Creating higher genetic potentials of yields in pulses and oilseeds 

as major strategy for eradication of protein-calories malnutrition. 

2) Upgrading of country's hor .cutCure resources of fruits and vegetables 

and development of improved post-harvest storage and processing technique 

to 	minimize losses. Utilization of agro-wastes and biomass for
 

production of energy and various industrial products. 

3) 	Evolving alternative models 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 Commission, New Delhi, December 1980 



which aim at combining high levels 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 resources
 

of energy including solar energy.
 

4) Selective mechanization of agriculture both for increased production
 

and to remove drudgery of farm 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 their energy could be directed to more productive tak2 

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 recoonizes 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 large scale programs in energy, 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. 

1* 



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 energy source, 

3. biogas improvements and cost reductions, 

4. investigation of pyrolysis, 

5. producer gas units for rural application, 

6. fermentation process for liquid fuels, 

Oil 
In discussions with senior officials Qf the newly creatd Commission/Additional
 

Sources of Energy, it was stated(15)that the GOI's ooals were to develoo ll areas oi
 

biomass utilization with hiqh prioritv to social forestry and.near term conversion
 

concepts and cquipment. The near term processes of course include the continued 

distribution of biogas systems in the village but other strategies and dcvoleomonts 

are being i.entified. The Economic Times (16) provided an article statino the 

governments plans to replace entirely the diesel oil requirement for pumping by the
 

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 aggressive program for
 

biomass production and conversion.
 

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

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



V 

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.
 

Strategy
 

A suggested strategy is outlined in descending priority. It is hoped
 

that this strategy will support India's efforts in renewahle energy 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 harvost 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 strong
 

and decisive reforestation program must be entered immediately. 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 economic analysis suaoestina the 

cost for production of the needed plantations. He infact suggested advanced 

payments for planting village forest, paid directly to the landowner.' He also 

suggested using small gasifiers to supDly diesel enaines for pumping water 

to irrigate the plantations increasing the production. The conclusion to be 

drawn is the forestry program has to be launched immediately, hopefully, from 

with haste and maximum efficiency for the benefit oi all. 

banefit of all.
 

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

f-
K)




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 biomass 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 first consideration is the available fuel. In reviewing the
 

non-commerciai sources the agricultural residue data provided at least
 

the possibility of 1000 + tons of equivalent residua in some villages.
 

Considering this residue and its use i0 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 to mean the fuel must contain reasonably constant sized fuel
 

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

(19) 	A. Kaupp and J.R. Goss, "State of the Rt. for Small Scale (to 50 K')
 
Gas Producer - Engine Systems" Final Report USDA Forest Service
 
Contract [o. 53-319R-0-141.
 



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

requirement will be difficult to satisfy. Roqers of the FordDr. (20) 

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
 

C+l/20 2.___; CO
 

C+21420 .----- ;. C , + 2H12
 

where of course both the CO and H2 are combustible. This gasification of 

the charred residue greatly reduces the need for gas clean-up since the
 

volatiles 
were removed in the charcoal process. The hot gas from the
 

gasi fier :il 
 simply pass through I sml1 cyclone, filtvr combination and
 

into the engine. The disadvantage of Liis approach is the considerable
 

loss 	of energy in the charring process (pyrolysis) figure 7 but this 

approach is near term and can use the residue. The engine can be either 

a diesul or gasoline engine typically in the 3 to 5 horsepower range. The 

enine gusifier systems usina a orenared char is at thn develonment stace 

with information on engine rel iability ,gasifier operation and gas quality 

needed. 

The charcoal system suggested is a beehive 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 srmall Producer Gas-Fng ine System", 
New Del hi ; 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 pyrolysis and extrusion possibilities including Tatom's
 

designs (22) and other innovative concepts. Prof. Grover will also use
 

wood 	 in the charring process to compare wood to the residue in the pumping 

§ystems. The most important part of this work is the actual field demonstra­

tion nd vev'icpalMnt. The success of the demo:stration of this strategy in 

the field wil define the merit. The important features of using residue 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 splling charcoal 

7) improved cooking efficiency using charcoal.
 

The concept was described schenatically in figure 7 with the principal 

disadvantage being the loss of energy 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 questioned. 

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

(22) 	 J. Tatem et al Pyrolysis of Rice Husks in Indonesia, USAID Project
No. 497-0268. 



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 year 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 wil7 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 8 includes wood or rasidue
 

feeding the gasifier either through the pelletizer or by passing directly
 

into the producer unit. The gas passes through the filtering system into 

the engine. The gas will contain increased tar levels and filter 

performance and engine operational characteristics are kay points of 

evaluation. 

Once the two projects are completed it is essential that relative 

performance can be evaluated and compared. The initial programs should 

contain data collection and design quality controls preventing the 

completion of the projects without representaLive and complete results 

expressed in high quality data and equipment. A strategy for providing 

this quality assurance is 

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

(conducted 	 by Biomass Energy System Branch, U.S. Department of 

Energy). 

b. 	 independent evaluation of two systems figure 7 and figure 8 at 

project completion (conducted by Biomass Energy System branch, 

U.S. Department of Energy). 

The scope of work for the technical monitor (DOE) is given in Appendix I. 

A. 
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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 lift irrigation using producer gas generators. Addi­

tional assistance in lift irriqation using producer gas generators. Add­

engine design changes will also be provided. Dr. Mathur of IIT, Delhi has 

suggested a development project in this area. He will evaluate on a short­

term basis. 

a. engine selection; diesel or petrol 
b. cooling; air or water 
c. engine life 

He will on a long term basis provide an engine design specifically for th 

producer gas, evaluate materials of construction and suqest the eni:sions K4!,i the/ 

Dr. Mat r will consider these evaluations for boii the char driven. ys &: 

and the biomns driveli unit. His work will need to be eva lu iwed by DOE o. ii; 

iiItial visit and iis data will be important in the fi ,al review procnss. TV 

scheduled timn pariod is 3 years for the development proI.acts with 6 m: i2s 

for tk'e f:inJ .ss e ssm2 n t and recommendations. His proposa is incltuded in ,", . 

HindIst.n Wn;i" .overi Co. of india and Sweden has expressed intres " 

conmnIrcialiation of this Uipse, techrn0lo ( . An AID , iuntied mar t asihi lit 

study uoul 1 ri an i ntiresting early data point espenially when one ru:llias 

that there are '2.4 million diesel pump sets in India tod;ay. The considaration of 

this mrk-et study after the first year of research and dveloFmnet smcul La 
prograamy:ed and consiNered at .hat tile. 

Y-r~; q" .! §nt .ti on l .s ti nq- P1lan 

t e . n 

Gancnagatr undear dry condi ti crS exq:erimen tin ii h 8 di fferent tree speci es oll 

1.5i.5 ne:'; specings. The pl antiny:, to &W: a-

Albizzia lebbeck (SiNi's), 79-80-12 ha
 
Eucalyptus hybird (Nilgiri), 80-81.-10 ha
 

The .u.... entnhas undertaken an experimental plantti a 

Dalbugia sissoo (Sissoo), 8I-82-i0 ha 



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 (GEOA) 

investigate in conjunction with GEB and the Gujarat Pgricultuve University 

methods and plans for harvesting and transporting the wood fuel. The 

qtuestions to be answered are: 

!) methods of removing trees 

2) m.thods for preparing fuel from the harvested tree 

3) transportation systems 

4) assurance of fuel acceptability at the GEB station 

5) economics Df proposad system 

6) field testing of proposed fuel treatment systems 

7) environmental factors 

8) a final designed harvesting system for the Gujarat plantation. 

The results of this work will provide the country experience in 

harvest pl anning of these new fuelwood plartations. In planning the 

harvest ne. types of chipping desi qns and wood handlinq can be excu.ined 

and tested but India's labor availability must be considered ard used in 

providing a system benefitting all. 



Other Interes.t.in_.Conversion Processes 

The Indian institute of technology Delhi has a long history of
 

research work in the area of bIo technology of renewable resources. They ar
 

working in s v"-. area of bio conversion of lignocellulosic materials into
 

chemicals including etanol and other substances. The area of prime interest
 

at the present tio- issteam explosion of biomass as a 'nt
.retre atm process.
 

The pratreatme., pilot scale plant will be used to evaluate this approach
 

:~ .. s:ocks ihe av
....., i.;,:L.; ad,,026 ,ou.,d in Incdia. oa Mires":, 

wil 1Ib cG2;,c .:to> ,r. aoc ues and the riproveuns aid kriw,r, . 

will M. TM ErS. 0:0 now systes. The proposal i in HOMUe, in a penci D, 

Save.I . , cent were visited andl researh proijoci;IStarsting sr: 

revi ewed (appcr:" F). Tha National Chemical lboratory (NCL) in PMe s 

very activa i;n tissue culture research and have requested support of th7 

effort. aaor s that coorcdi.nation of NCL work with the bio rass canto.s
 

could provi& a pojcci, with the needed funding. r,,CL is also involved i
 

lignin ..,east'ch hoping to moil' i;ts--.urface characteristics and use t,,
 

modified liriui :s a polymer filler. The description isincluded in appcndLx E.
 

The request d f::.ding leve l is beyond the scope of this grant and other
 

arrangemen ts fur ndi should be inv sti(ated.
 

The biocau- in Ahmedabad waE also vii,ed. 1K Biocentra is the 

1ead instituti h'ydro carb"a euphuria pr.ducti n andc (iua vestigac­,n-,'l 

tion. They ar v.'o:-y active and have a i arge need for Equip,ea ; vaw.a 

funds and. ,upoi s. The work is exctinq and very inter.sting I);t long. it is 

term. O.the soures funds need to ho ivestigated including other ISAJ/ID 

sources. As a point the stratqy W concieratin of a c,"reii., in ,-i.nms 

for conversion .. coul.d pro''i de a and a spe:i:l cmph;i si oces focus 

importance of Ws work toa ndia ar;d the wrrld.. India's inSsititute W "'c.," o'9.,' 

at Del hi has a broad interest and invn mnt in thn conyersdomost"ated ...

areas includi; ;fication, pyrolysis, alternate fuel engines hi ogas and 



formentation. This work is preceding in several departments including
 

chemical engineering, mechanical engineering and bio-engineering. The ability 

to form strong working groups crossing department lines will provide outstandinq 

team 	for leadershi : in this important area. It will be recommended that 11iY 

Delhi be considered for this role. 

VI!. Conclusions 

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

over harvesting and denuding of her timber resource.
 

2. 	Reforestation is absolutely essential and the progrrJ1 needs
 
the tocal support of all 1n!'dia 
in providing tU?& dighest pri ori.:, 
to this task. This priority has not been iaalized to date.
 

3. 	Crop residues appear to provide a small 
surp.,1 us to be used 

as fA.il , Increased productivity in the residue area can
 

be mult]iplied much quicker than in the foresA sector. 

4. 
The 	charcoal production ssteis will make crop residue more
Mas'lY# used as fuela previdinnrg a Valuable c.nve ri p.....
 

"nr ih 
 vi llages while ,re'ducin sope eAd, o, firewood. 

3. 	 The comercial p:roducer gas pump sets will increase residue 

prod.uction and energy plaritation yields. 
 l.y wil1 decrease 

india's demands for imipor'ted light i;tllatos (ddiisoil).
 
6. 	 Di 9as syste s can ae an inroad iiWto Indjia' llage scene 

aume 	of the
s.UP.. Needed.lAri. jAr cookjir1 n:d ilighting. 

The 	pl ati.:,; p1laners need tc (ides7. 	
.'f1;,i.ti o ,t
 

harvesi,. "nsLs 
desig ed wi thpe end use Properly ,efine, 

and considared. 

8. 	 India nas structured a .w.eli worde" plen with;Mcr~;y considerable 

atteot;iop! given the .ereva e (1:im m ss ectenr.
 

9. 	 The strategy in this paper wi ini providing knowlede 

equipment. rid know 	how to the enenry plan.
 



VIII. Recommendations
 

1. 	 Funding of the village level charred biomass for irrigation 

proposal at a level of $1911000 

2. 	 Funding of the Jyoti Solar Institute biomass gasification 

demonstration at a level of $130,530 

3. 	 Funding of the proposal entitled Proceducer Gas Powered
 

Siall Horse Power Utility Engines for $127,930
 

4. 	 i hnding of the pretreatment by steam explosion of biomass 

at a level of $220,000. 

5. 	 A proposal for plantation harvest planning be solicited fromn 

Gu jarat Energy Development Agency and funded at a later date. 

6- Recommend that an effort he made to cordinatc and fund on 

limited basis the tissue culture work at the National Chemical 

Laboratory at Pune. 

7. 	 Recommend that DST considered naminq !IT Delhi as a 13omas CentLer 

for conversion processes. 

8. 	 Recosmien.c that the Bicenter consiider solicitinq fu:ids froin the 

new [ID agency account ,ntitled;ScientificTcchnological Coop;.­and 

eration. The solicited funds would provide the Bin:enter res.urces 

to parfo i ti'r 121d role in providinag hy ro':a rhon eUphori a research 

and 	 guayule development. 

9. 	 Recom;mnend tia.-t DOE's Bicmas Enargy Systems Branch Ie requested to 

provide techficil moinitoring nn the funded conversi on and planning 

projects. 



IX. Budget U S.A I D ($) Host Country (Rs.) 

I) Villag level gasi­
fication Charred 
Biomass for Irri­
gation 191,000 11,58,900 

2) Jyoti Solar Institute 130,530 6t22,500 

3) Producer Gas Powered 
Small Horse Power 
Utility Engines 127,930 9,17,500 

4) Pre-treatment 
Explosion 

Steam 
162.000 

5) Gujarat. Energy Develop­
ment F'lantation Harvest 
Planning 40,000 

6) ;OE Technical Monitoring 120,000 

771.460 

,) I"
 



Village Level Gasification Charred Biomass for Irriqation 

USAID DST 

Hardware 1,16,000 

Moni toring Equipment 2,64, 500 

Calibration Gas 40,000 

Consumable MateriDl 1,87,500 

Demonstr-ation Equipment 1 ,40,000 

Staff 4,64;400 

Foreign Travel 3,00,000 

National Travei 
Consultants etc. 5,07,000 

Foreign Consui tants' 

2 trips/yr. 
50 days/yr. 4,65,700 
perdi eril 

53.3% 13,26,200 46.7% 11,58,900 

Inflation 20% 2.,65,7_00 

Contingency 10% 1. 32300 

Total l7_.'.,_ _ 

( 191,000 dollars) 



Jyoti Solar Institute 

USAID DST 

Equipment 

Hardware 

Foreign Travel 

Foreign Consultants 

Staff 

Consuabl es 

Consultants (National) 

Valibration gases 

S9% 

20% Inflation 

1 0% continagency 

-

1,19,000 

1,29,000 

1,50,000 

4,65,700 

4OP00. 

903,700 

i ,3,700 

-90 ,400 

11 ,71 ,700 

41% 

2,70,0O 

1,87,500 

1 ,65,000 

6,22,500 

(= 130,530 dollars) 



Producer Gas Powered Small Horse Power Uti lityEnqines 

LUSAID 	 DST 

Equipment 80,000 

Instrumention 240,000 

Consultations 100,000 

I . Fo'eign travel l0,O0 

Foreign corcui nts 465,700 

885,700 

Operacienal Expense 50,000x3 2,50,000 

Staff 4,,82t4O0 

Consumables 1 ,20,000 

Consui tarts (iational) 5,5000x3 	 1.:65,000 

9,I 7,400 

20% Infiation 177,100 

10% Contingency 8 6,-.0 

1,151,400 	 9,17,400
 

($127,920) 



Steam Delignificati 

Residues [ngineering 


i.I.T Delhi 


USAID(Rs.) 

Hrdware 900,000 

Travel 135,000 

Supplies 135,000 

Perso nn&l 

Othar Expenses 45,000 

Rupees 12,15,000 725) 

Inflation (ION) !,21,500 

Contingency (iGA) 1,21,500 

14,58.,000 

($162,000)
 

n of Lignocel lulosic 
Research Centre 
(3years)
 

DST(Ps.)
 

200,000
 

20,000
 

80,000
 

135,000 

30,000
 

465,000
 

465,000 (28%) 



Steam Delignification of Lignocellulosic 
Residues Engineering Research Centre 

I.I.T Delhi (3years. 

USAI D( s. ) DST( s.) 

Hardware 900,000 200,OOQ 

Travel 135,000 20,000 

Supplies 135,000 80,000 

Personne'i 135 .,000 

Other Exense 45,000 30000 

465,000 

Rupee 12 ,I5,.000 (M., 465,000 (28Z) 

Pflation W 1 ,2i,500 

Conti:gency (i 0r,) 1,21 ,500 

14 ,E8,000 

($162,000) 

/,
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maiori Al used for construc lion of gasifler and acroonfng cnd 

cooling systm and thn lonq-timn prerfornmance of thr oa'ifiro 

in thiQ resrarch proposal wo intend to use standard
 

small petrol and diesel enoin for irrigation purposns,. Of
 

couroe in ordor to 
u!sn these ennines uith tho gasifiers coma
 

modifrcaLion. will hvcc 
 to ho mado in thoro' Hounver, no 

major modificat.on need be considered. Tho onqine devonopment 

will will he caried out 5y z seprato reaearch prorammo 

.. DhiloUT 

3, RESEARCH fTRIOD AND PFPIODICAL REVIEW 

This rosearch uill b cOTriPd out over a roriod of' threa 
years al .JIT Dohi. "Fh insiallat:ion of ihe two field projects 
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the nd of to :'nscarch urko 

In ordcer to brinq together r,,search uhich is curront2, 

under uay in ndia nnd the UriLr -d Statds ;-. is propnosrd to 

associate wiith this rnsea'rch projoct a q'r:nurp of porsonnol 

who era activ .ly ungaqr~d in rnn.::, arch an dv lopm:,nt on 

cuNJ. 3. c f *1 r ' g Fa syn u;evi
 

ft :.s proooond that 2 "r5sn ch rnvi .
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Prof, TH. oss, of" Aricultin-al Ei i nrcr i.rg 

Prof. O P,, O.in PirtLorn "1.I,T. Uolh!. 

Prof C.So An Educ&,IO!.io08a. AFvj.,,on 

Mij ;s'.' n" 70unnl>.f,Gfnv;t. or UKn&ia~ 

Dr. ,JJ. Finijonr HIniV,,rT::l tvV .f Missojuri. 

Dr. Peter Raorqrs Univ.r," it,:y n OHalvard. 

Dr. 9,1':, Pn :lhl lnjakA!..r-.lctqLf. r'cr. Iriv-rsity. 
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Appendix C
 

Development o Bio-.Mass Gasifiers and Internal Combusiion Enqines: 

An alternative for utilizaLion or bio-mnss is itk qa ification to 

produce a.comh!ustible got which could be used for runi ing an interna 

combustion eoine, whdich in could be coulpled to an electric power genera­

tion system cr to a pump, or could be used for providing power to any 

mechanical device. 

W-m.ss ,sifiers are appropriate in all senses oi th wouv; 

techc1 Y',',ui r.d for far; cation, operation and mai ntenance is simpl. ; 

they g r, MA Y Cs xpensi v they use locally avail all e"souroe.Msi' :. 


they are effiient in small sizes; they do not emit nox"ious pollutants; 

they can u 'i'I ;-o a variety of resources and so on.
 

The sstynm efficiencies of biom.ass jasifier systems compare well 

with other'm s of utilizing bio-mass (Table 2.). On the basis of 

these efficienocies anl estimatd calolific valud of feed material at 

3500 c.,/'g, a pi .mimat.y I 3 kg of input will be ecessary per !.,h 

of power produced. 

It is somatrims argued Liri; any schema for utiii ing loci!, resources 

is bound not to succeed, as these resou rces are not waste in literal 

sense, they being fp to soe use in a sysLerm. For C:):: ii'0e,rice straw 

though yenera;.1! c:on:s idered Ys .a.ie is usnd for that.hing of roofs., Use 

of rice str.., in bio-mi;ss asifi;er; wouId therefore mr it unavailal 

for thatching , Yor '.,hich an imfmediaie sub.stitute is l oca liy available. It 

has however bean shown that the e:tra a iculturol waste production as a 

result increased yield du to Irrigation, and other modern practices 



made possible by availability of power would alone be sufficient to meet 

the requiremants of gasifiers. In addition, if gasifier program is
 

coupled with aforestation, the requirements of bio.s.- gasifiers could
 

be met from additional firewood that would be available.
 

Devel omant and demorns tration of viahility of gas ifiers compatiblehi 

with the propertie.,s of availabie resources Pnd with the requirement.s of 

an area undr consideration, thus becomes very desirable. Jyoti Solar 

Energy Ins-tO ii th thoi r expe.rienlce and conmitment propose to makewtr 


a beg nn ng i is die'cti on by launchi ng a devel opmeni: and da'mSstr'­

tion project for cmass gas'ifiers aid internal col:'JLustion engin,:e 

systc.,2s for use i n-i viliagns. i1 is believed that such a systcl;. 

could gc L lCn way -i overcoming the constraint of availability of 

energy in d:'elopmcat of the:;e villages.
 

In the fol lowing , complete details of the proposed project 

including tech"oloicz and financial requirements are given.
c 

P . Prqrt; ' ( c 

As reai-ud in the pre~ing paragraphs hio-rv:s ga:sificati.on 

and motive pi;r gnf;'"c :: used for giroup set appl ic.thier ih-reof is the 

ber2st SUi G'i. r l:dia's viliagea sc ne. For such rnqino, it is 

desirable to 0eclop a smanil engine to deliver poam <",fiiont for the 

local p"psy.•a,uircints. .t is believed that a E bimis; 'jasi ier 

woul d b; o iuat to mt various n:.!. sf these hilly reqions. The 

objective of thc prg ramn therefore would be 

(i) to develop and demonstrate a 5 hiomass gasifier-cum-internal
 

co;nbus ti on enigihe. 

(C,'i) 

http:ga:sificati.on


2. Proram Stages
 

With the above objective in mind, the program is proposed to 

be divided into undermentioned stages. These stages may or may not
 

bear a separate temporal identit: in which case the division would
 

just underscore the tasks to be carried out: 

1. Design and development of a 5 cpasifier
 

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

by the 5 gasifier. 

3. Trials and laboratory demonstration of the 5 gasifier
 

and internal combustion engine system
 

4. Field demonstration of the 5 hp system
 

5. Design and development of the 5 rice husk gasifier
 

6. Development of 100% gas run engine
 

3. Pro ram M.uanagement: 

The principal investigator for the program will be Dr. R.M. 

Dave, Director of Jyoti Solar Energy Institute . He will be assisted 

.by Dr. B.C. Jain as Technical Adviser 

it is proposoed to hold quarterly con;ul"tativ meetig between 

Jyot' Solar [nergy ins titute and the USAID for review of pr'og'ress. 

j.yt SAr Enery institIut would also submit a quartevly 

report. Thz UVID an the work carried out and the rogress made. 

A.camprehensive report giving the details of uor'k carried
 

out and e,av-i,,.ce gathered will be submitted to the USAil) at the 

end of the program. 

y 
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4. Facilities Avail able at Jyyti Solar EnemryIns.:ttute: 

The Jyoti Solar Energy InstituLe is attached to irla Vishvakarma 

Mahavidyal.ya Engineering Col lege) which cord:1cts lJrida Gradu.tte as 

well as Graduatc p:rograms in Enginrcring. Since its e.t,'.lishrnent in 

1979, Jyoti Solar Energy Institute has undertaken number of research 

pre. ramias, a list of which alonwith funding agencie:s and funds 

received are gien ia Annexure 2. 

Thc W:c2!,'-: equippedi th cr.ni f i c: s r:ecl.:<ar foris ' equi rm. 

mcnsurnmanti.252 K. .... :1 ti ti C*s. As worka1shop euipodQnc O Ci i 

wih ...nu'W.-~tool Ync-ind Ic farctin...fen!jostM 

would h, to eLcaricd out a a part of the pi opoSe esc:rch e-;'::isa, 

In additi'n to .hove, the Collage possesses an upidr -af,!tyne chrco l g ; 

producer coupid W.tta g!;s crgi;,2. Currently, Jte'.:,ts ,e beilng .do 

to Colia;il ss C,i t el jciic', .cr,-C .r uinit.r..e i 


http:Mahavidyal.ya


BUDGET
 

Qyojjijqqr Insti tute Biom~ass Gqqifi cation jpjpQi ystemo-n e irvtratioil 

Year I Yer, 2 -- Year .
 
Personnel .
 

2 Technical ,4,, (4O0 2 ,0
 
1 Technical 7,1 7,20n 7,"
 
2 Helper , ,100 " ,' , o 4,8(!0

Senior' Scientific Officers (3-1/4 time) 12,nfo,, 1 0,00 18,,,_
GM
 
Chemist 1,o 12, ,oo)

90, ,00(0 90 ,0[00l9 o 00() 

Chr'ma :;graph (Carle H CO,CO 02 i i 4 ,C2 H 
C.--:- U.S. 

,000 -. -
Filter Ria 10, -..
 
Prcssure Tr,.:ducer ?l. o, , -


The rmocoupl e:. 1-, 0.­
meter "n .Ilow ,. - n .atLul, Inc,.. 1)0. . ­

lii( ' c1 ,19,000 - - -.-
H a d wa''i: 

--

r': 

Units -fur ,uetting or Pelletizing 30,000 -


Gaslf. , 77,000 ­

, VJI-id :o22,Onn 50..
.7 

Labulatroq! 0(jOW I),0,O 1 0'1 
.)( , C 0.(, / ,.)tJrTrvlW utA ,C 1) 

1 
, 001; 

50.011f,; 0 1 0Naioal Ta04t. 

[nivi it(2't /\Iv i :Osr' .1."i 1,y<.;'year .5 9f(). . ", .. ,,)r, ,.' it;!," 

t Office 1 X.. 

Ilati ona 1 -,r'c,' i C'.,,jOt;",i), 2P 900fi)
Payrol i {;'/ n ipl 9 r ( i r ..
 

.off ice I-_: .. ..... ..... . ,,iJ , '.0 ,(0)0 ?>F ,%L
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Appendix E 

Materials Enqineeri q of Lijni n/Cellulose 

Waste [Polymer Scie'ice and Engg Project] 

Objectives :
 

Develop coupling agents/surface modification of Lignin and Cellulosic
 

fillers for use in polymers.
 

Develop technology for turning waste wood (chips, saw dust, bagasse,
 

cereal stocks) into highly engineered wood sheets thait match the size
 

and strength of plywood at a cheaper price.
 

Potential En-uses/applications
 

Fillers and e;'tenders for polymers
 

High quality building materials to be used for making pre-fab home
 

components (walls, floors) furniture etc.
 

Rationale:
 

A variety of cellulosic waste materials with high lignin content (20-25
 

percent) are available in India. The amount of bagasse produced in India
 

in 1977 was 8.5 mi11iM;i tonnes on a dry basis. Ea aass,: contains 45 per­

cent cellulose, 20 perceni lignin, 28 percent pentosan; and rest sugar and
 

minerals. ,aMto ligni n from paper mills is currentl y being dumped causing
 

envir)nmental hazards due to its corrosive characturis tics. Cereal stocks
 

from farms, sugarcane trash etc. are avaii lile in "large quantities which
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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 expl oring chemical modi fi cation routes fol lowed 

by product development by using composite technology. Lignin structure 

has hydroxyl and phenolic groups, and also a few points of unsatur i oa. 

These oFer sites for chemical modificatien via reections with alcohcn s, 

acids and vinyl monomers. A few examples of ihe approacihes are given below: 

a) Wood waste is a naturally occurinq , weak ihre inforced composite. 

If the bonds between the strong, cellulosic fibres and the lignin 

matri x caln be strengtht ed by impregnation with suitable cross­

linking acents follaowd by in--situ polymeri atioil, stronger composites 

co:ld be obtained. Aliphatic and aromatic bicarboxylic acids, carbo;yl 

ended polyester fibre waste, vinyl hohomers and castor oil would be 

tried as crosslinking agents. 

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

ester or amide groups at the free end for using the modified liguin 

in polyestQrs, nylons poloyolefins. 

c) Reactions of ligpin with asphalt will be czp.lnred 

d) Material systems will he developed by mixing the ',ood was:te with 5 

percent resin (urea form',idehyde, phenolic, isocyanate glue) and 

wax followed by curinq of the tlhermesets. 



Once the preferred chemical modification routes are estab­

lished, the kinetics of preparing lhe material s will be investi­

gated for developing economically viahle conversion processes. 

This would involve studies in rheology, foaming, effect of filler 

dispersion on com.posite properties etc.
 

Budqet 

Equipment $400,000 - 400,000 

Foreign Travel $ 2,000 

Perdiem (3 months) $ 7,650 

T o t a l $ 9,650 x 3 - 28,950 

Foreign Consultants 

Travel $ 2,000 

Perdiem (10 day x 85) $ 2,550 

Rate ($192"0) $ 5,760 
$'10,310 x 3 30,930 

459,880 



INSTITUTIONS IN THE U.S. FOR COLLABORATION
 

ON THE LIGNIN-CELLULOSE PROJECT
 

1. 	 Forest Products Laboratory, Nadison, Wisconsin
 

2. 	 Washington State University (Prof. John Talbott)
 

3. 	 Southeastern Forest Experiment Station, Athens,
 
Georgin.
 

4. 	 Purdue University, Lafayette, Indiana
 

5. 	 Empire state paper research institute - (Prof. Leopald, Prof. Dence)
 
and College of Forestry - (Prof. Schuerch, Prof. Smid)
 

6. 	 State University of Now York 

Syracuse, New York 13210. 

*1
 



Appendix F 

Itinerary 

Del hi Ford FoundaLion Dr. PftPor RO(urs 

Delhi I.I.T. Delhi Dr. P.D. Grover 

Ahmedabad Riocen 1.e r Hr. Suresh Pa tel 

Vallab Vidyanagar Jyoti Solar Dr. R.V.Dave 
(Gujarat Institute 

Baroda Jyoti Energy Div. Dr. B. [,iazumdar 

Delhi Ford Foundation Dr. D. Sckc!ler 

Delhi I.I.T. Delhi Dr. H.B. Mathur 

Bombay Khadi 8 Village MIr. V.J. Sharma 
Industries Commission 

Pune National Cheli cal Dr. C. Ramon 
Laborai.xry Dr. R. Mashelkar 

Delhi I.I.T Ielhi Dr. K.S. Gopal Krishnon 

I/ '-'
 



Appendix G 

Figure 1 shows a plot of population versus timle for India. The 

data was plotted from tie 1981 census ireport , paper 1 of 1981. The 

population level 	1 I was recorded 683, '1 pe.) e F_,p]-- itrpo 1a ti ng the 

data to 2000 using first point (191) to 1tsL point (1981) provides 

a 2000 populatio'ns of 880 x 10 pecple usingl the Iw.'o ls t to ilits 

(1971-81) provides a 2000 l.opIlatior of a proxi mi ,eIy 9.,15 million 

people both of the two extrapolation methods :re cc(-ns,,.-vatve becuase 

of the compo.id i 	 g offct pr, vided by the growi ng numlt.rs . Al so s hown 

in fi-g,',e - , 	,.er'oi.c e:amnercia] enersy levels wiLih a first point, to 

last point c:XCl(1r)3! ation. 

Figumre 2 p ots the fiiodoc LIuC: , crop re2sidLIC use and aniinil (dulj 

use vervsus tilme .	 The data (2) rapi-osenL s t h demand for- . fuels 

forning tie nc1 cm;merci al sector. PaT-i suq oetd a lift.wood need 

"by 2000 of 350 	 1 III P1 n. fpoint fiJu)-e theM . !otti this oin 2 ,povide 
extrapol ati oils as , r4. p ii c Ia1 y ,envrest_a c/ 

Convrti1 h cl 1Ic :emns ltOh 
Convering the i!.,0 x 106 It ol)u 1ae ipon usinglh average 0.38 mtcr 

per 	 pe'rscim (2) r"veal s a 2000 iopulation of 

350 ...:- = 21 x 1 po lOx 06 ...... 	 : , tioll 

.383 

Sl ightly be ow the extrapolation .fffiqure I . The suoesLion of 350 ,,10 6 

by 2000 certainly is not a uIreasonable isssumpti on air(1 in fact. is conservative. 

the onl y reason tlie demi.nrd won't l: at t his level is ilh'i[ Llke fei rewood will 

not b:e ava iiale; uniless prm.pt and efFect ire eval'I(ated ICLi oii is begun. 

The lact of f icwood will shift the use to crop r'esidue, and dung 

as they rei, i.n avail alle. 

* Census of India 1981: 
P. Padmianabha "Pro.isi cnl Population Totals"
 
Paper , 1981 Registrar Demand & Census
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Appendix II 

Energy imyac.kAricultual waste - charcoal) 

The use of agricultural residue as a fuel for charcoal could make 

a significant impact on the total enerqy demands. Table 1 provided 

agricultural waste levels at 200,000,000 tonnes for 1975-76 of course 

these quantities have alternates use . [u ust, considering converting 

25% of the residue to charccal would provide: 

=200,900,000 tenns x 1 i' 50,000,000 tonnes 

Ass umo '01 moisture
 
Dry Fr'..
 
50,0(WO X .6 - 30,:00000 tons
 

Mill on tones of coal repi'_lcement,
 

30,OO,000 x .95 = 28.5 mtcr
 

Assume 55% energ convcrsi to charccal
 

28.5 mtcr x .55 - 15.7 mtcry
 

Total non ccmnraercial energy
 

1975-76 194.6 mtcr
 

15.7 X 100
 
194.6
 

50% conversion
 

31 .4 
19.6 x 100 = !6.1% 

The energy impact would be 8.1% of the total non-commercial use in 1976 

using only 251 of the availa lIe residue, uinq 5n% the impact would be 

16,2% of the non*-coie:,Erci a] qa;,ti t:y. 

The oricinal pumset idea suggesLed is really beyond this consideration becau 

the use of the fuel in a pumfp.set to irrigate unirrigatcd land will inci ease the 

yield. Dr. Rogers of the For.d Foundation (Delhi) pr.dicts a 53% yield 

increase required to provide 1500 hours of irrigqation. This ircreases 

(!\
 



seems to be in the real1 of Possihilitv. The Charcn l used woul C be produced 

by the yield increase providing iucreased profits fruwi the crop still leavin, 

l to 

, , 5 00!l ,0O Kctar.S (.Jej(s ted by DlMIby) , r. i r LeCigt 

ass umi 1 .,50 11*" iwa 

•e reaini. q esi!due be used or scild oither as resi due or charcoal. 

of te r/
 
" 0 h x )5 1 C , 0" -1.5
x : 

m, (-•Ix S x 1 a .5year (assuming 16 meter 

lift) (dies,-,! cost of.1833.6/25,000 11 of vater') 

3! 3- ... ... . .... 1 ? ¢,­7... 01. ,I 07T::0 i rar .9 ,, 10 rupees
 

?.2", 1 12 I2
9 
,2-'-- is2 .0 9 liter-s nf diesc 

Using r21.r gas to i ri!te this 1 ont0d 25xl hectares would 

save 7150 bi ll-on' liters of diesel while ei imiLi ug the fuelwooi 

crisis in rIndia. 



Scupe of Wok lec ca monitors) 

Branch will be t e
The Department of Energy, Biomass Energy Systems 

Energy Resources Devaloprmlenttechnical monitors for the USAID al ternative 

(386-0474) as related to Conversions Processes for Biomnass fuels. They
 

will be responsible for 

1) Securii" PP-~iulc-" ns
 

a) stated o:,bjectives 
b) ,proiects ;che.i las 
c) p1 ,cm irates uf expendi tur: 
d) a prepared and approved scope of work for each project 

2) [EL II ' ' 

a) (?(Zl('
 
,) dat. haarinat systems
 
C) Y'1,'
.l pns
 

3) Qual 1 a'sua Pnd l1.y [fptr,9. 

visit for data quality assurance
a) providirng ad initi;l
b) p-reo "i',l! on: Aite WONiL' annua'l ly
 

4) SeCUri:g, ",-i;' sloW.Q 

a) con tria rr'v-r. ;tatus i uaVris (monthly) 
i.a s=t:: pr'rts (monthly)
b) project ni. 


rr,,rt ld technlicd
. a final
c) a cr'ft, , . ,cal 

Mm opch proirr7iC 

1 i ..PWT(VI On A . W....... .... ,) . I1l 


necessar desi 

b) iodol ficLOIs ;er schrdulp over-runs 
resu.ts suqgestinq a project termination 

a) mu 1on pa"datiqes 

C) ,o0difiLat ins,tuchni(:al 

or c. ,, - irectiC)'
ange 

ticn lue to lack of progressd) lteri 


6) evaluatior" 

a) r >,ation of coipnl e,< pro jects re:;ul ts 
direct bioiass gasification!b) comrarison of uirtmp-.'9.lerati n via 

charred biomr;as; gasificatiot 
for project dir rcti on and m]anagement deci sions.c) raco;amIa1ndati on 


o .i.,7) qe irtir,M AI-D _ iias si o 

epo rt to missionl India providing projeact!SIrIi
a) monthly status 

status 

b) montily managemrent report descrihinl schedulinq and budgeting 

percents 



c) draft final report and Final techivicail report 
sumnarizin q the research ,&,fort and its conclusions 
and recoiriiodat iLon. 



Appendix J 

Priorities 

The project priorites were established by 

1) Near term technologies 

2) Ba'lance between conversion technologies 

3) Assessment of the effect on the village level 

4) Probability of SuCCeSS 

5) Project cost
 

6) :asic or applied ,esearch 

Te priorities were assessed by determing the projects response 

to the 6 iteiis. Five gasifiction projects are near term f)ro'oven 

technologies w,,hich re.'quire dem;nstri iion and limted d.vl,pwnent. The 

charring pyrolysis p'roject requires adartaticn to India's crap residues and 

innovative des-ign.s steps for providing a prepared gasifie-r fuel mat..iri al 

Th(e_. probabilty of succes of these prj(-,ecLs suppor.ed by t he 

ericgi na ,ur. ,,.o a b poten ti ial for imel:rn a re-l impact upon India's 

ene ,y ieds ...,d her agricultturl production. 

The hurve,-n tig study is ne ar term ,ork hi 6 alow price Fon coiductinrg 

the ,or-. it will provide gui drili ,,s for lt.er worlk ;rl(] really acts as the 

pilot project in India for his ty.pe of effort. 

The fOer~i..etaiion work v,ae (hl.son .;..y askiig IrfT fur their recormend; ion 

n rja rcs -*..) . v'ork they asses Led to have the highc.St priority Tihi s 

work is ,Iso nearterm iroveo iec hnolo..,' ,,hid ,,:., Iiidi di lonstratilc and 

assessmnt. 

Tihe feriea tation , oi'l" at P1.11l)( hAs i\,ed U.II. sponrisorshi and the 

legnin project was simply to expeiis ive for 1:he limited budget. The 
tissue ulture vwork was suc(lestC'd t., h,1/( th: !iiqfue,;t 1)rior ty 'CL "ut this 

funding ,1 =dS to be coordinated through the bi :ma ss producLion efforts not 

through the conversion consi dera"Li ons. l O~lS 

http:highc.St
http:suppor.ed

