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EVALUATION ABSTRACT 

The Alternative Energy Resources Project is a 
collaborative e ffort between the U.S. Agency for International 
Development and the Government of India. Four main components 
of the project included Biomass Production, Biomass and Coal 
Conversion, Energy Efficiency and Information Exchange. 
Ultimate goals are to reduce Indian dependence on imported 
oil, to reauce deforestation and to increase energy efficiency 
in industry and transportation. Many of the goals were met 
but most of the more promising ones require continuing 
support. 

Coal Research and Development 

The most advanced projects concern the fluidized bed 
combustion of high ash coals and the =emoval of fly ash while 
the gas is still hot and under pressure. This clean gas is 
then ready for conversion to electricity or used for process 
steam generation . Design and operability of the hot gas 
clean-up system will be of value to fabricators of these 
specialized vessels. Feeding coal in the form of a water 
slurry is also part of this six part coal development program. 
Most of the program will continue with or without USAID 
support. 

Biomass/Efficiency/Informa tion Projects 

Small gasifiers and film solar collector projects 
achieved teohnical objectives and appear ready for 
commercialization under other AID '~itiativee. Demonstration 
of 100 KW gasifier to be initiate~ soonl recommendations made 
to enhance usefulness of project. Energy modeling project 
provides useful teol for energy policy analysis. Low-head 
hydro project seriously lagging: immediate action required. 
Thin fi lm solar materials project ongoing I dissemination 
should be initiated. Focus of Energy Effioiency project not 
quite appropriate. Biomass production project initiated 
recently. 

Loslons 

• Role and objectiveo of technologies 
invoot~oJated ohould be cl arly defined. 

• Clol e monitoring of projects need d . 

• Diooemination/in teraotion with private noctor 
ohould bo expanded . 

• Coordinate field activity with i n.titutional 
noed~. 



SUMMARY OF EVALUATION FINDINGS, CONCLUSIONS 
AND RECOMMENDATIONS 

Purpose of Activities Evaluated 
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The Alternative Energy Resources Development (AERD) 
project is a collaborative effort bet ween the U.S. Agency for 
International Development (USAID) and the government of India 
(GOI) through its Department of Non-Conventional Energy 
Sources (DNES). The project includes four components: biomass 
production, biomass and coal conversion, energy efficiency and 
information exchange. 

The ultimate goals of the pr oject were to reduce India's 
depende nce on imported oil, to reduce deforestation, and to 
increase industrial efficiency. 

Purpose of the Evaluation and Methodology Used 

Several projects were established under a 1982 proposal 
and most were initiated during the next three years. The 
program ended officially in mid-1986 but was extended until 
1988 for various reasons such 85 the late arrival of equipment 
or late start. A technical review is specified in the 
proposal and the submitted draft r eport of 30 January 1987 
fulfills that requirement. Each project was visited and a 
series of questions was asked of each principal investigator 
and hi s staff . Basically, the responses revealed a proper 
selection of criteria and objectives, some con s traints, the 
level of management and the degree of completion . Seeing the 
physical state of the projects and combining that with the 
discuBsion, provided the team with a sense of commercial 
potential or the need for furthor r osoarch. 

Findings and Conclusions 

Coal Conversion - Rosearch and Dovelopmont 

Only one pro jec t is nearing commercial application , tho 
fluidizod bed combustion system. The approved design of tho 
30 MWo AFBC roprosonts the noxt s tep i n tho dovolopmont 
ooquonco. Smallor sizoo, up to about lS MWo, aro alroady u80d 
commorcially. Noar torm developmonto aro tho prossurizod 
combustion unit and t ho solids rocyclo systom whoro improvod 
combustion I. ~xpoctod. Anothor noar torm oyotom io tho 
oporation of a high tomporaturo/ high pro8suro vo nso l for tho 
romoval of particulato mettor f rom A product gAB st room. 
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The other projer >.s in this overall coal utiliza tion 
program are of long range or academic interest -- den su media 
cyclones, the preparation of coal-water mixtures and cold g~s 
clean-up. These might be considered under a technology 
development program both as 3 research project or an incubator 
for new ideas. 

Biomas s Production, Biomass Conversion, Energy Efficiency and 
Information Exchange 

The bioma s s production proj ect wa s designed to provide 
the r esearch and development (R&D) support for t he 
implementation of refores tation proj ec ts by reinforci ng t he 
R&D capabilities of two biomass centers, the National 
Botanical Research Institute (NBRI) and t he Madurai -Kamraj 
Univcrsity/Bhara t hidasan Univers ity (MKU /SU). As t he scope of 
work was developed, the objectives of the project evolved from 
their original intent to s hor t -term , field oriented, s upport 
for reforestation to longer term, academically orionted , basic 
research on species se lection, plant stress , and othors. The 
projAct ·.'"d finall y initiated in early 19B7, with tho curront 
emphasis on fundamental research, it is feared that tho 
on-going reforestation projects will not benefit much trom the 
planned research activities. 

The bioma ss conversion component i ncluded three 
subprojects dealing with t he design, contruct10n and Held 
testing of omall (5 HP about ) aasifier -- engine-pump aota 
airoed lit replacing diesel opera. l un ito providing irrigation . 
The projecto wero compl eted on sohedule ond have achieved 
their techni"al objectives. Th ·conomio onalysos conduct d 
t.s part of t he projects are preliminary I the availability at 
dieael fuel and lectricity at sublidized prices and tho 
scarceness a nd cost of biomaoa fuah oU9gost that , in tho 
prosent conomic context , t hil toohnology will not b 
compotitive tor the application considerod . If thooo conomio 
iaDues Oa n be relolved, th technOlogy could 0 
commercializedl 0 v r81 manutacturoro ar , Or could . , 
lnt rootod 1n commorcializing amaLl guit! roo 

The n r9Y efficiency component wu d lign d to promot 
varioul aap eta of onor9Y ftici ncy in induotry through 
lnt raotivo work.hupo and vioito invo~vin9 roprol nto iVai 
from Indion and U. 6 . indultd I. Tho projoCl: ia on .ohadul 
and will ba conolud d in th noor futuro . Thn projoc hu 
bo"n IUCc urul in aoeoblhh1nq con IIcta bo w on In~liln ond 
u.s. lndul rl0' involvod 1n onor9Y mon090m nr . 1 11, 
how V r , f It h t tho U. S. HP riMCD ln providing cOftIpl t 
.nor'lY Hici noy lorv10 I by apocial!: d componion ond 1. 
pot n 1~1 ronllA ion in th Indfftn on rqy/ conomic cont H 
hal no b n oHplor d .uletci n ly. 
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The information exchange component included a variety of 
proj~cts. Two subprojects dealt with the construction and 
testing of thin-film solar collectors based on the Brookhaven 
National Laboratories (BNL) concept. Potentially, thl s 
concept could result in higher performance and lower cost for 
flat plate solar collectors . These projects are on schedule 
and have, 00 far, achieved their technical objectiveo. The 
projects however lack a clear view of the market it will or 
could address; marketing studies and dissemination efforts, 
which were part of the scope of "ark have been disappointing. 
Although current tests are encouraging, the technology is not 
quite ready for commercialization. 

The low head hydro project included two subprojects: thp. 
testing of a U.S. made turbine in parallel with some othex· 
turbines and the design, construction and testing of a load 
management controller. The turbine testing project is behind 
schedule but installation of the U.S. made turbine is planned 
for the next six months or so. If successful, this project 
should open the way to generating an appreciable amount of 
electricity from irrigation canals across the country. The 
load management controller project is way behind schedule, 
having been plagued by a variety of administrative, 
organizational and technical problems. The approach is 
conceptually attractive but raises questions regarding its 
economic and practical feasibility. 

The 100 KW gasif ie r project is a worthwhile project 
aiming at evaluating the potential of gasification as a source 
of captive power for. regional industries. Initiation of the 
project has unfortunately been delayed for oeveral years; 
indicat anD are chat final approval for start-up may be 
received shortly. 

The onorgy modeling project was completed on time, and has 
providod a useful tool for enetgy policy analysis. Once the 
data base has been updated to 1985-86, it is hoped t.hat the 
modol will be used to evaluate the economic implications of 
variou. strategies for the use of non-convantional sourccs of 

norgy. 

S v ral project. have suffered from administrativc, 
organizational, monitoring, dissemination and customs-related 
problem.. There is an ~rgent need for improving these aspects 
in ordor to make project~ •• oro offectivo. 

Rocomm nda tiona 

Coal Convorsion Projoct6 

Whon conaiderinq noor tor .. commorcializotion, only ona 
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coal project can qual.ify -- th, - Atmospheric Pressure Fludized 
Bed Combustion system. The USA!D part of this project was to 
study the reactions that take place in the freespace above the 
fluidized bed. USAID will be well advised to maintain close 
contact with this project as well as with its pressurized 
version. 

The next two projects that will be advantageous to U.S. 
technology are the Injection Variations and Combustion of 
Coal-Water-Mixtures and the High Temperature/High Pressure Gas 
Clean-up System now under construction. About three to five 
years will be needed to prove the commercial advantage. 

Other components of this project are of long-term and 
academic intorest. 

Biomass Production,~omas5 Conversion, Energy Efficiency and 
Information Exchan9~ 

The small gasifier, thin film solar collector, energy 
mod~ling and energy efficiency projects are, or will be 
shortly completed. No further support is needed to complete 
these project •• 

The small gaoifier and thin film solar collector projects 
are in sorious need of systems/market (techno-economic) 
analyses tn define their most promising applications within 
the Indian energy context. 

The energy modeling software developed by TERI is 
currently b"ing updated to the years 1985-86 without further 
funding from USAIO. Once this upgrading has been 
accomplished, it is strongly recommended that ONES make full 
use of this . oftware model to analyze and assess the economic 
implications of various renewable energy strategies. 

It is recommended that an energy conservation project be 
undertaken through an Indian institution with the support of a 
U.S. contractor to explore practical approaches to 
conservation within India's context. 

Recommondations for the 100 KW demonstration gasifi~r 
project include, implementatic," of ollorgy conservation in tho 
industrios considerod, involvemont of the U.S. manufacturer of 
tho gasiHer and collection and analysis of comploto 
oporational ~:~a. 

The low-head hydro project ha o boon seriously lagging 1 
immediato nction is required to bring the project on track. A 
15 month, no coot or minimal coot, oxtenoion should bo 
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considered provided a realistic and enforceable schedule is 
agreed upon by all interested parties. 

Ge:'U~ral 

ONES and USAID: 

Although both organizations are obviously dedicated to 
make their joint projects succesGful and good personal re­
lationships have been established between individuals in both 
organizations, there is a need for: 

• Better coordination of the monitoring of 
projects: agreed upon schedules, chart of 
scheduled accomplishments or deliverables (PERT 
charts), periodic (regular) reviews, follow-up 
action by both parties, 

• Better de finition of the objectives of the 
individual projects undertaken: techno­
economic analyses including sensitivity 
analyses, as well as resource and social 
aspects, of the impact of the projects should 
be u,-ed to evaluate and initiate projects , 

• Simplification of 
importing equipment 

customs formalities 
needed for projects, 

for 

• Improvement of dis semination efforts, and 

• Improve 
project 

I.oaBana Learned 

the effect iveness of 
approval and initiation. 

he process of 

For multimillion dollar projects , it i. desirable to have 
someono in-country who can follow the progre ss of the work. 

It is also reasurring to all concerned that their work is 
important and that someone cares. Anothor important focal 
point is an individual who can coord ina to contact between the 
fiold team. and the Government ot India and the USAID 
bureaucracies , not an easy job. 

There is prob.bly equipment in the tiold whoro porsonnel 
are not fully trainod to operate or the equipmont hao only 
limited application. A pre-purchaao ocreening is neodec! by 
oonleone who underotanda t ho projoct roquiromonts. 

Somo opocific pointo includo. 

• Role and objeotivoo of technologios nhould be 
oloarly dofined. 

http:andenforceab.le


• Close monitoring of projects is needed. 

• Dissemination/interaction with private sector 
should be expanded. 

• Coordinate field activities with the institu­
tional context . 

vii 
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1.0 INTRODUCTION 

In 1982 a projec t wa s pl:oposed to expand India' a 
technical capacity to exploit its alternative ene rgy resource. 
and to devAlop selected technologies t o a atage of 
application. So.'eral collaborative subprOJects were d veloped 
to transfer relevant technlcal knowl edge to alt rna t lv n rgy 
development. The goals were to: 

• Reduce I ndian dependence on oi l imports, 

• Reduce deforestat ion. 

• 1ncr(lase onerqy effici ncloa i n the 
portation and induatrial soctor s, 

Those broad goa1& wero approached in th following 
Droas : 

• Dioma .. production and conv rdon , 

• Coal convoraion . 

chnlcel 

• En rqy effici ency i n Induo ry and tranapor­
tation. 

• Information xohang 

Indi. hAl • growing no d for fu 1 auppll a and Cood u 
ito population inoro4001 .nd pov rty reduction la r oU. d. 
Tho Gov rnmont ot Indi. pl.c a a high priori y on thoa g".11 
.nd hOI committod l ubatan tia l funding to hoir Iml)l m n a Ion . 
Doth privet and public. ctor orqanl:. lona will b Involvod 
with the ultimate goal of comm rci.li:ing v lobl tochnologi a . 

Thia report r.coa aomo of h background ct th proj 0 
and ia an evaluation ot itl proqro... Sp oiHca lly. ho 
authon lcok at tho origin. I obj c iv a of ho olt rno Iv 
norgy rOlourC I projoctl . dlacu," h accomplllhmon I and 

ola a. h no d tor futuro work and po.albl [cllow-on 
financing by USAID. 

Roviow of t hll aub-projoc D k OPI in vi w 10m I"'por an 
roloud ottrlbut. hot go oycnd ohnical Accllftlpl ilhm n a . 
I'or exampl • 

• Wero horo conltrainu h. mAy ho~ft Inhibl d 
h A tolnm n ot cb,octiv ., 

• Th lucca •• of Inotl u ion bulldln9 (tor I. 

• Unl od 0 3 o. priv3 0 I 0 or lnvolvomon • 



• Technology transfer from u . s . organizations and 
tho effectivene.s of study tour •. 

• Futuro collabor.tivo tio. with U. S. counter­
p.rts. 

2 

The Government of Indio identifiod aroa. for joint aid 
with tho U.S. Agoncy for International Developmont for tho 
utiliza~ion of coa l and biom... . Poou. wa . primarily on 
.dvanced and Hiciont tochnoloqie8, s ix on co.l conversion 
and threo un biomass . 

Co.l Conversion Projocto 

1. Evaluation ot th I'r aboard Portormanc in a I'lui­
diz d Dod Combu.tor 

2. Seal -up ot APDC 80110ro 

3. Coal-W. r Slurri • 

4. Cool Pr psra Ion 

5 110 COl Cleon-up 

6. Cold C •• Cloan-up 

Oloma •• co~v ral~n Proj C 0 

I. Dovolopm nc 0' • V11109 -1 v 1 col1fior UUlldn9 
Chorr d A9ricul ural R .idu 

2. Ucillu 1011 0 Producer C .. In SI'Ioll 8n91nOll (3-' 
liP) 

1. D volopro n ond 'iold Impl mon 0 ~ lon oC Wood DU~d . 
Glel ior/cn9iftll ay. 1111' C5-l0IlP) 

o hilr orou ot concorn , IIIOrl! broldly rolltod 0 
OboVD , Involvod bloc ••• predua Ion Chaw muah 1. OYAilAbl 
,ub,d u ion) , nnrgy CeLahnay I roduco waoeo) 
Into~o Ion ftxahnn9 lin roduco ho 10 0' ahnoiovy 
.dlp' Ion by indu. ryl. 

ho 
tor 
ond 
Cor 

Th rolo of hI! Uni od II 0 01 wu to proYldo oohniaal 
Oll/h onco , troln Indian onginc u n ho U.S. ond IIquip tho 
cooper. Ing lobor. oriol wi h • A -0(- ho-.rt Ini rumon •• 
To Aacolllpllah hi! OboYII 90010 . agyoul nginflllri Yitl. ad h@ 
Unitod 0 • III 0 gllin tin -hAnd IIporiona@ in tho oPOrll Ion 
ond mAln OMn"o of h@ IIqulpman hill' will roaolvll . Thou 
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professionals also participated in meetinqs concerninq 
equipment desiqn and with experts in their field of interest . 
Other sources of needed information came from technical 
socioty conforonces and, of courso, personal contacts with 
whom correspondence will doubtless continue. BeD ide the U.S. 
laboratories, visiting engineers spent time with vendors who 
are providing equipment for development purposes. In the 
future, these companies may also provide full scale plants . 

Initial budgets for the present cooper~tive 
amounted to SI,I18,200 for coal and S705,800 for 
Proposals have alroady been prepared for solected 
that may be continued under tho presont pr ogram . 

program 
biomass . 
projocts 

http:4.4,44..44
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2.0 BACKGROUND 

2.1 Project Development 

India has extensive reserves of coal and limited reserves 
of oil, gas and hydropower. Coal reserves are estimated to be 
85 billion tons. At the current production rate of 114 
million tona per year and a projected 1990 estimate of 260 
million tons per year, these reserves should l ast about 75 
years. This limited time period could be extended through 
more efficie,nt utilization methods of the resource from mine 
to the busbar to the consumer. 

Current Indian production reported in Oil and Gas Journal 
is 630,000 bpd and 700 million cfd for oil and gas 
r espective ly. A large fraction of the na tural gas goes to 
for tilizor production, ammonia and urea, and new plants are 
undftr construction. To sus tain its goals of economic 
de velopme nt, the Government o f India (GOI) must purchase about 
2 million tons o f crude oil a year, the cost of which consumes 
a signifioant portion of India' s export income. Like many 
other countries, India is searching for indigenous resources 
that might replace tho co.tly imports, albeit in a l ess 
convoniont form . 

Although commercia l forms of energy -- coal, oil, gas, 
hydrooloctric powor pla~ tho major role i n providing 
t nd ia ' y onergy noods , non-commercial forms of energy 
fuo lwood , ngricultural and a nimal wastos -- still constitute 
t ho prima ry f uol for tho cooxing and hoating noeds o f many 
urban and rural housoholds . This situation has r esultod in 
I vor d foroatation and tho divor sion of agricultural and 
animol WftOtOI f r om thoir traditional function of fortilizer 
and loil amendmont agont , t hor e by i ncroasing the dependence on 
fOIBil tunl import • . 

Ovor th yoan , th GOI has ini tia tod a nd l upported a 
numbor of programl aimod at docroaoing tho doponde nco on 
t,nportod oil t hrough t ho (\ovolopmont of altornativo onorgy 
lourcoo -- Bo lar, coal a nd bioma.~. A largo frao tion o f 
India ' . pro v n coal rOI rvo . contains 30 to 50\ aa h. 
Convontional pow r plnnta fi nd difficulty with t hoae coala duo 
to woar, ro.ion and flamo stability. Rocont combustion 
tochnoloqy , . uch 01 fluidizod-bod combultion, has tho 
potential ot u.lnq th 10 low calorific valu coa l o with fowor 
probloma . In h long torm , tOI.il fu ~ lo will b roplacod by 
othor ra.ourc . , ho principal candida to b i n9 biomuo. Por 
biomau to fill hie rolo, a suatain d program of rooourc I 
m nogom nt and rototo.totlon io n cOllory to otop 
d tor .to ion in h n or arm and inour l ufficiont ron wable 
roaour"u in h long torm chrouqh h u.o of rapid qrowinq 
.pooLolI . 

In 1083 , cooporatho oHort -- Tho Al tornotiv Enorgy 
kIIlourcn Davolopm nt Projoct -- b twa n t ho Covornm nt of 
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India and the United States waD approved. The overall 
objective of the project was to expand India's capability of 
exploi ting its energy resources to a at, e of appliea ticn. 
Over a three year period, from about Inld-19B3 to about 
mid-19B6, several collaborative projects were to be developed 
to reduce India I s dependence on oil imports, to reduce the 
rate of deforestation and to increase efficiency in the 
transport and industrial sectors. Through meetings between 
technical experts from both countries, projects were selected 
and means through which a mutual transfer of knowledge could 
take place, were adopted. The project has now been in 
existence for about three years and significant achievements 
have been recorded. 

In the original proposal, an independent evaluation is 
called for. The present report describes the conclusions 
reached by the evaluation team and provides some suggestions 
regarding further activities. 

2.2 Components and Subprojects 

To achieve the goal s of the Alternative Energy Resources 
Development (AERO) Project, several collaborative subprojects 
designed to transfer technical knowledge in the field of 
alternative energy development were conducted in four 
technical areas. 

The four components, or technical areas, selected for the 
AERO proj ec t are, biomass production, biomass and coal 
conversion, energy efficiency, and information exchange. The 
four components, their subprojects and participants are 
briefly reviewed below. Table 2.1 summarizes the 
charaoteristics of the various components and subprojects. 

2. 2 • 1 Biomass Production 

Biomass production is a crucial o lement in India's energy 
futuro. In the short term, it is imperative that measures be 
taken to .top deforestation and to provide sufficient 
quantities of woody biomass to support the neods of the rural 
lind urban users of this nonconventional rosource, while, in 
tho long torm, it is ossontial that sufficiont wood biomass be 
availablo to substitute for and roduce tho neod for imported 
fosoil fuelB. Tho GOI ha s recognized tho key rolo of woody 
biomaoo in tho country's onorgy futuro and has ostabliohod two 
biomass research centors , one at the National Botanical 
Rosoarch Institute (NBRI) in Lucknow and the other ot 
Madurai-Kamra j University (MKU) in Madurai, with the objective 
of promoting result-oriented dovelopment work and of 



Table 2.1 . Saa:w.ry Dac:rlpUoc of the AltemaUn £nerqJ' DC!Yelos;-ent Project. 

I. ProchK:Uca of 
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pol,..,r fn. solar 
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2. Enenn JlDdell lbCJ 
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. Icro-hyde l Sfste. 

4. lOOlW bloqaslfl­

caUoa syste.. 

s. 1bln {11. tecbDology 
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>. TOO UDdta) 
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5. STir (Ind1a) 
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0 . 6 
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acceleraUllg demonstration projects. In addition to the 
activities pursued at these biomass centers, other activities 
include f01:est surveys, estab"lishment of al1 '"Institute of 
Forest Management (IFMJ, research programs at State Forest 
Departments, Agricultural Universities and various institutes 
as well as State social forestry projects. 

The biomass production components of the AERO Project 
will include two subprojects: Production of Woody Biomass on 
Substandard Soils to be conducted at the NBRI and Development 
Studies of Woody Biomass Species on Arid Marginal Lands - Lab 
cum Plantation Approach to be performed by Madurai Kamraj 
University/Bhara thidas.n University (MKU/BU) . These 
subprojects are designed to reinforce the capabilities of the 
two biomass centers '""hrough collaborative activities with u.s. 
t eams and/or individ"~ls . The U.S. collaborative lctivities 
will be coordinated by Win rock International (WI). 

A detailed implementation plan and schedules have 
recently been proposed: the project duration is 36 months 
starting in early 1987. 

2.2 .2 Biomass and Coal Conversion 

This component addresseD t he problems of conversion of 
biomass through t he generation of producer gas (gasification ) 
and the usc of this gas in internal combustion engines and of 
the utilization of low quality Indian coals through fluidized 
bed combuation technology and various methods of coal 
treatment. 

Tho biomass conver.ion par t of this component focusoeu on 
the development and field tasting of small (rango of 3 to S 
KW) gasifier-engine octo designed to provide mechanical powar 
for irrigation. Aq~iculturol machines and captive pow r 
generation consumo 3S to 40 \ o~ the total diose l fuel oil sold 
in India . Thore ~ra about 3.6 million diosel engine-pump oeto 
in India today: thoir oizo ranges from 3.7 to 15 KW. The 
number of units is expect d to incroaso each year. It io 
expected that bionaso guitiero will raplace 0 oignificant 
numb r of eli 00 1 op rat d units, thuo oaviny Dubstantial 
amounts of dioDel fuel. 

The biomau ollblJro j cto included in t his component ore' 

1. 
Agr lcu tura! Ra81a~ 

Thin oubproj.act 
Tochnoloqy (I IT), 
En9in ar inq. 

11 conduc nd 
Now Dolhi, 

G.dHcr Using Ch. rred 

a th 
D pbr 

In(\1on lnatituto of 
m nt of Ch micol 
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2. Utilization of Producer Gas in Small Horsepower Engines 

This subproject aims at improving the performance of 
small (3 to 5 HP) diesel engines operated in a dual-fuel mode. 
In the last phases of the project, subprojects 1 and 2 will be 
combined and field-tested a8 a single gasifier-engine-pump 
set. This subproject is conducted a t the IIT , \lew Delhi, 
Department of Mechanical Engineering. 

J. Development and Field Im)lementation of Small Wood-Based 
Gasifier-EngIne Systems ( to 30 liP) 

This subproject concentrates on the utilization of 
untreated (except for sizing and moisture content ) woody 
biomass. The subproject is conducted at the Jyoti Solar 
Energy Institute (JSEI), now Sardar Patel Renewable Energy 
Research Institute (SPRERI), Vallabh Vidyanagar, Gujarat . The 
subproject. were initiated in April 1984 and are scheduled to 
be completed by the end of 1986. 

The coal conversion part of the component i ncludes the 
six following subprojects: 

1. Coal Beneficiation. 

Indian coals contain a large amount of mino .. "l matter 
tha.. mechanically and economically placo burdens on a 
combustion systom. Methods to roduce the ash content of coal 
nre obviously desirable, but, in addition, improved 
beneficiation can make other coal resources available such as 
re jects from a coal preparation plant. Cyclones are known in 
coal cleaning systems but are uoually for particles larger 
than 28 mesh (0. 6 mm). Indian coals requir~ tiner grinding to 
oeparate the coal from tho non-combustible mineral matter. 
Cyclones provide the centrifuqal force used to concontrate tho 
le88 don so coal. 

This project is unde rway at CFRI, Dhanbad . 

2. Rhoology, Stability and Combustion of Coal-Wator Mixturos 
(CWM) . 

Tho comploxity of non-Nowtonion systoms , wheroin fluid 
flow io influencod by su.pondod eolido , providos a uniquo Dot 
of probl m.. Tho hydrophobic propertios of coa l roquiro tho 
control of odditiv • and tho pr a nco of a r lotiv ly largo 
amount of wotor can intluonoo t ho flomo proportioo whon t h 
cool burn. . lIowov r, a olurry oyot m iu 0 oof and fficiont 
way to eronaport cool. 

Dolio work on thio proj ct io boin., conduct d ot the 
C ntrd Fu 1 R 10llroh Inotitut (Crill) at Ohonbad. Combultion 
t nting will b dono at DIIY.L-Triohy. 
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3A . Evaluation of Freoboard Por fo rmanco in a rluidizod Bod 
Combuotor. 

Parametors to ~o ovolu3t d oro hoot tronltor . dUlt 
loadings. combu stion officloncy ond 90' .UI omlllionl . Tholo 
data will bo tho ba"ia tor h do.19n of 1II1II11 cOmllluchl 
boil~ro . i . o .• up to 30 MWo . 

This rooearch is b in9 dono at Dharot Il ovy &) ctr1col 
Ltd . at Trlchy (OIl&L-TI. 

30 . Atmo.phorlc Fluldl. d Dod Combu.tor (AFDC! Sco)oue . 

A I SO ton of .taam POl' hour unit WOI d d",nod ond tho 
drawlngs . apoclHce 10n • • ond ocolaup do 11118 war proporod . 
Tho final doo19n WO I rovi wad by n9Ln arlo TVA In h U. K. 

Thi o work WOf abo dono 0 BIlEL . Trichy. 

4. IIct Goo Cloanue . 

Tho purpc.a o( h1l projtlct WOl 0 d Ii",n lin" build a 
fully outomotad t a rl", ond 0 voluO h .. por:orl'lllnco of 
high t mp r tur tll CD Cor ha r mavol ot pn lculilto 
mo~ or . Uot laporo 10n will rDlu) in .1",n1tlclln "v in"" j,n 
oquipm nt and r due hoo 101. I . 

Thl . work 1. bing don at h eurporll 
of BilE I. 0 Ilyd rabod (DUEL-III. 

5 • Cold 10n. 

Co ld 901 c ) dnup 1. prl~rLly for ho lorp ion or 
pollutan. In proeon gill atrum. 01 It 11 lID putlcuLiltll 
rl)moVH I . Doth adlorp Lv lind '" ",brAn tllClhnol091u wl11 
\J God . Jldoorp Lon con ek ploe on III rlU. luch n ohAroOAl 

, nilioo 9 1. MambronOI Olin can rol h dl etulion ot qn • 
ocroll pcly", r Cl1", • . 

Thi l r loarch il und cwoy 0 
Loborotory ft Ilyd robod IRIU.-Il l. 

cho Ra910nol R lo.roh 

Th lubproj caw r .. 1nl in ad btl wa n 198Z And 1984 .na 
w r Dch dul d 0 bo eOQPlocod y ho and or 19... Daoou~, or 
untlvoldobl d loyo . 10'" projoc I roc Iv dodd! lonlll tUlld!n9 
tor h lr con Inuo 10n And x onolon . 

Th Pl Ibur",h enarqy T chnol09Y CLn "r (PCTCI und t /I 
Por ioipn In", JIg nay Oorvia A9roa", n (PASAI 11 ~na91n9 

h I blo",no. And cool COOp6tO Iva pro] c./ J. IndiAn 
coun rport 11 hI! 00 PAr IlIOn or /lon-Conv n 10MI Cnorqy 
Sourc I (ONES - GOI I. 

http:lasses.ii
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2.2.3. Energy Efficiency 

The original project paper proposed aU . S. /Indian 
technical exchange program dealing with energy efficiency in 
industry and transportation . Both sectors are heavy users of 
imported commercial fuels and, based on U.S. and Indian 
experience, it was felt that energy efficiency improvements 
were possible, cost effective and could result in short and 
medium term energy sAvings. 

For both sectors, a program of technical collaboration 
was planned with the purpose of comparing experience and 
increasing the awareness of Indian industrial managers of the 
e nergy control, energy management, traffic control, engine 
technology, transportation planning, and other technologies 
available in the United States. 

The Association of Indian Engineering Industries (AIEl) 
-- now renamed the Confederation of Engineering Industries 
(CEI) -- and the National Academy of Sciences (NAS) were 
selected as the Indian and U.S. representatives, respectively, 
for the implementation of this project component. Both 
institutions have wide access to public and private 
ropresentatives of industry in their respective countries and 
it is anticipated that through their collaborative efforts, an 
effective channel for energy efficierlcy technology transfer 
will be established. 

Contract negotiations with NAS were concluded in 1994. 
The aqreed-upon scope of work focussed on energy efficiency in 
industry, the original transportation oubproject being 
abandoned. 

A first visit to India by NAS representatives took place 
in 1995 . During the vis it, an approach of interactive 
wnrkshops wa s defined to achieve tho goals of the program. 
Activitios proposed undor tho program includod throe 
visits/work s hops in India, a visit/workshop in the U.S. and 
the transfer of some software . No formal program plan was 
established for these activitios. Tho sorioo of activitios 
mentioned above will be conoidered GO the subproj('ct pursued 
under the energy efficiency component and will bu tho objoct 
of th roview presentod in Section 4. 

2 .2.4 Information Exchange 

One of tho functions of the Indian Commio.ion tor 
Additional Sourcoo ot Enorgy (CASF.) 1s to provido ~ data bonk 
on all aspoct. of now and ronowablo on rgy aourcOI. The 
purpooe of this data bonk io to di08ominato tochnical 
information and to provido guidanco to potontial u.oro of 
renowabie anergy nyotema . 'I'c achieve t hea objectiveo it Waa 
originally propoDod to d v lop. formalizud link botwoen CASE 
nnd inform.tion sourcoo i n the Unit d StntOD through 
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Department of Energy (DOE) sources, possibly the Solar Energy 
Research Institute (SERI) or other acceptable alternatives. 

As the project evolved, the original intent of technical 
data transfer was modified to support five specific 
subprojects. The subprojects included in this component are: 

1. Field Test of Polymer Film Solar Collectors 

This subproject called for the testing of the advanced 
flat plate solar colle ctors developed at Brookhaven National 
Laboratory (BNL) under climatic conditions prevailing in 
India. The BNL design offers the double advantage of high 
performance and potential significant reduction in installed 
cost. Tests were conducted at the Solar Thermal Energy Center 
(STEC) facility at Dundahara, Haryana, with the collaboration 
of BNL. 

2. Development of a National 
Non-conventIonal Energy 

Planning Model for 

This subproject called for the development of a national 
planning mode l which will enable governmen.: policy makers to 
analyze and evaluate the impact of non-~onventional energy 
technologies on the overall economic picture of the country. 
The work was conducted lit the Tata Energy Research Institute 
(TERI), New Delhi, with the collaboratic,n of BNL. 

3. Low-Head lIybrid Micro-System 

This subproject involved the development of a micro 
processor controlling system for automatic and efficient 
management of loads connected to low-head tu ::bine plants, 
training of Indian scientists in electronic load control 
s yotems, setting-up a facility for the design of electronic 
con rollers and the procurement of a low-haad U.S. made 
turbine to the tested, in parallel with othor unit s , at a site 
under devolopmont in Kakro!. Tho Indian invootigator is the 
A1 tornative lIydro Energy Center (AIIEC ), Roorkoe Univoroity, 
Roorkool ita U.S. countorpart ia Boaton Univorsity (BU), 
Boston, MA . 

4. Ono Hundrod Kilowatt Gasification Systom 

Thia oubprojoct oallo for tho i natallation ot a 
domonstration bloma04 gaoification plant of 100 KW capacity 
tor CAptiva powor gonoration. Tho oyotom will bo linkod to 0 
d.iry plant Dnd to an oil mill c"mplox. Tho d monatration 
will take placo at Junogahd, Gujoro~, under tho managomont ot 
tho Gujarot En rgy D volopmont Agoncy (GEDA). 

http:3333.3.i4
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5. Thin Film Technology 

This subproject is a follow-on to the earlier 
collaborative project (see Section 2.2.4.-1 above) between the 
Solar Thermal Energy Center (STEC) and Brookhaven National 
Laboratory (BNL). Its purpose is to develop materials 
characterization capabilities, provide training in systp~s 
deaign capability and evaluate the current and pr o jected 
capability of Indian industry for producing the materials 
required for thin polymer collectors of the BNL design. The 
work will be conducted by STEC with the collaboration of BNL. 

2.3 Evaluation Methodology 

The overall purpose of the evaluation task is to 
determine whether the original objectives of the AERO project 
hava been met, to determine whether some mid-term corrections 
to the original scope of work are warranted, and to assess if 
any of the subprojects merits USAIO further financial support. 

2.3. 1 Approach 

The Scope of Work for the evaluation team calls for a 
review of each of the subprojects included under the tour 
components of the AERu project. For each subprojact, a number 
of a.pects of the subproject will be reviewed and discussad. 
A standard format for reviewing the subprojects will ba 
followad whanover possible. ThiD format io shown in the next 
soction. 

USAIO is currontly implemanting a now six yoar projact, 
the Enargy Research and Enterprise (ERE) project which will 
Dupport selected reoearch and tachnology dovolopmont propoGala 
whilo Doo king to croato an inotitutional onvi~onmon t for 
rolovant tachnology innovation in tho enorgy soctor. Somo ot 
tho 8ubprojocto includod in tho AERO pr?joct could b., 
candidatos for furthor d volopmo nt undar the propouod ERE 
projoct and havo, thoroforo, boon valuat d "'lth thh 
petontial in mind. 

Bofor loaving for I ndin, tho ovaluation t om 
fami liari7.od itaolf with th pr'joc:t, itD compen nta dnd 
aubprojocta , through brio fing. , mao~1n9 1 and convoro~tionn 
with u.s. roprolontativoa invt)lv,. d in tho implamontlltion ot 
th projoct. 

I n India, t ho team attempted to contact u.n. and lndiftn 
r prolontlltivoo involvod in th projoct. Sovarol aite vinita 
to vorioul lubprojoctl woro 0180 undortakon. A li.t ot 
contact. and vinit. modo durin9 tho Qvoluation prooau 10 
ahown o. Appendix A. 
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In India, the evaluation team coordinated its activities 
with those of a World Bank team involved in aaseaaing the 
potential tor commercialization of renewable energy 
technologies. 

2. J. 2 Format for the Evaluation of Subprojects 

The format adopted tor the evaluation of subprojects 
includes t welve headings each covering a particular aspect of 
tho subproject considered; for each topic , some typical 
questions raised during the evaluation arc montioned. 

a . Project Ooucription and soloction Crito~ia 

Briet doscription of project and roalons tor ite • loction. 

• Werc scloct ion critoria r aeonable? 

• Aro eoloction critoria etlll valid? 

• 0001 ~roject addroll I hort/long torm onorgy 
probl ml of India? 

• Could anothor tochnology, at tho IOmo scalo , 
achiove similar rOlult l? 

b. Progrols to Date 

Summary of progross at time of ovaluation . 

c . Attainmont of Objoctivol 

• Woro obj ctivol of subprojoct cloarly d fin d1 

• Wor statod objoctiv • of eubproj Ct achLovod1 

• Woro objoc i vo. of componon achiovod hrouqh 
hil lubprojoot? 

• Wore ovorall objootivo. of projoct Aohievod 
hrough this lubprojoc ? 

d . oorriors and Constraints 

• WOrCl horn bardon/con rlinCi wh ich prevontod 
a ainmont ot objoo ivao? 

• W r Action. tok n 
con raint.? 

., ovorcomo borri rAt 

• Could othar lie ion. havo boan ak n 0 ovorcomo 
barrior./con roln ., 



e . Procuramon t E t!or'~ 

• Did subproject co11 for transfer of oquipment 
(data . software ,) ? 

• Did trans! r toke ploce? 

• ware here problems/deloys in transfer? 

• R o.ons for probloms/deloys. 

• What octionll woro token to OV rcomc problem./ 
delays? 

f. MAnagoment EHoctl','onoaa 

• W ro qoolo and Ichodule. ot subproject clearly 
d tin d? 

• 

• 

• 

WOI .upport providod (budgOt , 
inforlllOtlon . detA . c,r4ininq . 
porlonn 1 . o~c.)? 

Wo. contact maintAinod with 
pononn 1? 

wo . in nction 
• ablhhl)d and 

JUD ifiod? 

with othor 
nc:ouroqod when 

tinoncing . 
opocl61hed 

lubproj ct 

lubprojocts 
noed d lind 

• Old mAnogomont p nonnul follow-up on roquODtD 
for intorvention from h aubproj c ? 

• Will thuo 00 much/too I itt) mOnlg mont 
intorvontion? 

1'h m:.noq m n uHoc tv n II ot OIl£S and of USIIIO wUl 
be rov1 w d, 

g , Err 0 ivanu •• at U,S. Tuc hnology 1'ronafor 

• Did U.S . otg.n110 iona invalvo 
.uacor? 

hu prlvAO 

• II.. hh rolultad in xponding AOOOU to u.s. 
taahnalogy? 

• If 1.11 con aotl/ln IIfoe ion b mo.ln II1nod il'tor 
eencluDion ot pro; etl 

• IIro llcllnoinQ/manutAe urlnQ/ xpor ftqroomoncl 
ILk ly 0 fo.ul Crom achnolollY ronifar 
AoHv J. 1 A 1 
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h. Relevance of Technology Soloctod 

• Is technology appropriate for Indian energy 
sector? 

• Can tochnology be roplicated without USAID 
technicftl/tinanciftl a •• istance? 

• Dooe capability to operate/maintain oxiet? 

• Are thero porcoived barriors to 
commorcializntion (other than oconomic tactors 
considored under j. below) ? 

• Arc approachos availablo to overcome percoivod 
barriors? 

i . Relevance ot Collaborative Effort and Study Tours 

• Wa . U. S . contribution to collaborative Hort 
' subproject) appropriate? too much? tOO 
little? 

• Should another approach have been cholen? 

• Wore Itudy triPI , viaito and training I,n U.S. 
ffectiv,,? too l ittle? tOO much? 

• Woo t here reluctance from U.S. or90nizationl to 
participato in study tripI , vilit_ , etc . ? 

j . economic Viability of Technol09~ 

• Arc data ovailablo to mnk 
ovalua tion? 

valid oconomic 

• Do. d on data available , do • t chnoloqy app ar 
viablo? 

• What furthor dau aro n dod to p rform 
rcliable economic VAluation? 

• Ia conomic •• I riou. barri r to commerciali­
zation? 

• WhA t npproacl, 0 arc ov4il bln 
conomic barri rD? 

o ov rcom 

k . Innl u ion Oulld i ng Effortl 

• Did tho 
clinical 

involvod? 

progcnm rClul in inor 41in9 the 
capability of t h inltitution 
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• Will this inC'roaood capability be mointained 
aftor terminalion of tho program? 

• Will t he incroaaed capability be uled and 
contributo to furthor development in the area 
ot non-conventional enorgy? 

1. Utility and Import.nco of Bttort -- Rocommendations 

• Positivo/negative impacco of projoct without 
tollow-on activitio • . 

• Aro objoctivos atill relevant? 

• Should turther activitios be supportod? 

• Rocommendation. for furthor involvement. 

15 
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3. 0 PROJECT ASSESSMENT 

This choptor presents dotoilod as.ossmonts ot the various 
subprojects ac~lvoly ur.~eQ Ot ~hc doto ot this evaluation. 

3 . 1 Siomass Productlon -
Into motion rogarding this project could only be obtainod 

a fow days botoro the nd ot tho stay In Indla . Tho 
valuation la baaed on converaation. with Dr. O. P. Vim41 , 

ONES, and Dr . C. R. lIatch , USAID, and on a rev lew of the 
progum plan lubmittod in Octobor 1~8 \1 by lIinrock 
Int rnotional , tho U. S. contractor soloctod. 

a. Projoct Do.crip ion and 5 loction Critorla 

Tho orlginol intent , ~pr II d by th GOI and AID , ~a. to 
roinforce the capability of two biomol. rOloorch contorl , NORI 
and MKU/OU , to provide .upport for the on-going rofor .totion 
projecta Le . provido re.earch l upport tor ahort-torm 
objoct ivo • . 

A. tho projoct volved , and 10rg ly b caulo ot tho 
acadomlc ponp ctlv ot th inltitution. involvod, tho projoct 

volv d into a tundam ntol ro.'.~ch projoct addro'Ding voriou. 
OIpOC • ot torootry (nunory op ration. , plant Itr II , Otc. ) . 
Tho.o probl m. mUD c rtoinly bo oddre •• od but thoy oro 
lonq-t rm objoctivol which do not oddre.1 h immodlato nood. 
ot curront .ocio1 toroltry progrom • . 

Ono ot tho major problom. 'ac d in hi. COl i. hat h 
In.titu ion. I~volv d hova Ii Ie contoc • and t w chonnol. to 
Intoroc with Hold p ople angoged in toro.try progrom. , liko 
molt ocad mic r .oorch In. i ucion. , ho two Indian 
In. itutlon. lnvolvlld hoy 11 tl intoro. in pUrAulng tho 
practical lmplico Ion. of thoir roooorch tfor , . 

Proqro.. to 00 0 

Tho proj Ct WA I initla d r c n Iy 
ao Lvi i • ot [ndi.n por.onn 1 hAvg be n lnl 10 

o. I 

And 
ad, 

ninln9 

In I • ourron 
or191nAI obj 0 lvo. 

torm, 
ot " IlRD 

ha projac: 
, . tI A. obov 

will no 
) . oohltlva ch 

d/H. No comm n I A rill n • 
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f. Management Effectiveness 

Projoct 
ocourred in 
transfer of 
formed ONES. 

discus.ions were initiated in 1982. !Jelays 
developing the project, mostly because of the 
the proposed activitios from CIISE to the newly 

The work plan calls for annual progress reports to be 
ioaued by tho two Indian institutions. Based ()n t he 
~xp~rience gained from other projects, it is suggested that 
moro froq uont (quarterly or at loast semi-annual) reports be 
requosted. It is recognized that scientific research Monot 
be kopt on a tight and predictible schedule, but reports 
idontifyinq proqress, probloms, delays, etc . are needed to 
insure offective monitorinq of tho project • . 

q,h,i,j, No eommentQ at present. 

k. Inatitution Building Efforts 

The proj cts shou ld incroase the capability of the 
inotitutions involved for c~nductinq long-term fundamental 
resesrch. Some means s hould bo found to orient this 
capability towardl nearer term objectives. 

1. Utility and Importance of Effort - Recommendation. 

Th ~ is little doubt that tho projoct , as oriqinally 
concoivod , could provido much noodod aupport to oocial 
foroltr y or other roforeotation projects. In its current 
propel d form , with omphasis on lonq-torm rOBoarch, the 
proj ot will not have i ea i ntendod i mpact in tho noar-te rm. 

R commendationl ir.clud , 

I. Improve th propoled monitorinq procoduroo by 
requ Itinq quart rly proqro.. roporto. Thi. 
Ihould be 1nie14ted by WI with tho luppert of 
AID nd ONES. 

2. eaeab1i.h contaota betw on field p oplo (ooc1al 
toreltry qroup , te .) and the resoarch 
inlt1tutiona. The objoctiva ia to ouqqoet 
r ne rch topic I of D fundamental natur which 
could be of immadiot intarest to tho fiold 
pooplo. Thi. in no an attompt at r Btrictinq 
aond mio fr adorn but rothor of focuDoinq 
tundamon 01 rOIDorch on topic I ot imm cliata 
Lnt ro, . Suoh in raction could bo 



established by creating work groups 
periodically to exchange ideas and 
problems. WI should play an active 
this process. 

meeting 
identify 
role in 

18 

3.2 Biomass/Coal Conversion 

The three biomass subprojects are reviewed in Sections 
3.2.1. to 3.2.3 I the reviews of the coal conversion proje"ts 
are presented in Sections 3.2.4 to 3.2.9. Whenever possible, 
the format proposed in Section 2.3.1. will be followed . 

3.2 .1 Develoament of a Village-Level Gasifier Utilizing 
Charre Agricultural Rasldues 

a. Project Description and Selection Criteria 

A prototype system was to be developed wherein charred 
agro-wastes, • gasifier and a 9as clean-up unit are integrated 
into a simple, reliable, field-operated piece of equipment. 
The project called for this system to fuel a 5 HP diesel 
e ngine driving an irrigation pump. 

This subproject was selected for a number of reasons: 
availability of "oubstantial quantities of agricultural ~~ster., 
availability of a technology for converting these wastes into 
charred fuel of reliable quality, increauing /lumber of small 
diese l pumping units indispenBible for noaintainin9 and 
expanding agricultural output, and increasing demand for 
imported f088il fuel by the agricultural sector. Despite the 
recent stabilization of world oil prices which may reduce the 
drain on India's financial re sources in the short-term, the 
long-term focus of the project, i.e., to reduce dopendoncp. on 
imported f uels and switch to indigeneous resources io still 
valid. 

Gasification of wood, charcoal, coal or other materials 
is an old technology which has proven it. usefulnoss , among 
other, during the Second World War in Europe whore hundre ds of 
thousands of units were usod for yearo. The technology has 
limitations, start-up timo , low quality gao , otc., but givon 
t he omphaaio placed in India on the replacement of fo.sil 
f uels , it is a promioing opti,)n for numerouo applications, 
from low powor rural to larger industrial applicationo. Tho 
curront gasification projects, 0 ctions 3.2.1, 3.2.2, 3.2.3 
and 3.4.4, aim at uxp loiting thio alt~rnotivQ tochnology . 

Oth r tochnologioo whic h could achievo the some objective 
of providing diaporaed, omall ocolo , mochan ico 1 power i ncludo 
photovoltaic 00 to or biogoo operotod ogin D . PhotovoltaicG 
appear to b much too oxponoivo in tho forooooablo future to 
be a rcaHotic candidato for thu applic ation considor d. 
Diogoo production from animal wo ot D and ita U80 in on9inoo i. 
a damon utrfttod toch no loqy. Fow rural to m! li G, howo vor , 



19 

appear to own enou'1h cattle to '1enerate enou'1h bio'1as for 
their basic daily needs (li'1htin'1, cookin'1-usually the prime 
objective of bio'1as) and for pumpin'1 power. 

b. Progress to Date 

At the onset of the project, a detailed pro'1ram plan 
includin'1 clearly defined objectives and schedules was 
established. Essentially all the objectives were achieved 
within the time frame proposed. 

A small down-draft '1asifier wao 
the ChelOical En'1ineerin'1 Department 
feed materi.l i s charred biomass. 
considerable flexibility , s uch as, 

developed and operated at 
of ITT, NAW Delhi. The 
The desi'1n incorporates 

• The throat and reduction zone are a sin'1le 
piece for easy replacement and maintenance, 

• Tuyere openings are a t two levels and proper 
adjustment can control tho len'1th of tho fire 
zone, 

• Tho combustion and reduction zones arc 
insulated to maintain '1asifier internal 
temperature, 

• Tho U8e of horizontal and 
eliminates chokin'1 and reduces 

vertical '1rateo 
pre88ure drop, 

• An additional ash removal port i s providod, 

• A shakin'1 grate facilitates ash removal 

The gasifier operates on briquotted and charred biomass. 
About 70 percent replacemont of diosol fuol is possiblo with 
comprossi~n ignition (diosel) on'1inoo. After laboratory 
tosting and improvomonts to remody tho problems noticed, a 
field trial unit was fabricated and integrated with an 
on'1ine-pump set (developed under the second biomass subproject 
- seo Section 3. 2. 2.) and field testod. 

Table 3.1 summarizos the main aohievements of thi. 
s ubpro joct . The technical work is of very '1ood quality and 
wnll documontod throu'1h periodic workshop reports. The field 
unit tested is a laboratory prototyp Idemonstration unit which 
lack . ngineering sophistication. Thh wao illustrated during 
tho .ito visit wh n 80m opor.tional problema occurrod 
100.oning of producer gao inlet pipo from ngino, water 
a epag from cooling towor to ongine . 

Th conomic ovalua tion documont provid d io somowhat 
aimpliotic. Obvicuoly !lct enough data oro availablo for a 
full conomic r viow, but a a neitivity llnolyaia valuating 
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Table 3.1 Biomass Conversion Subproject : Oeve lopmen~of 
Vii lase-Level Gasifier Using Charred 
Agriculture Wastes - Progress to End 1986 

Fuel Specifications . 

Gasifier Design/Development/Oper a tion (Laboratory). 

Fabrication/Testing of Field Trial Unit (Integration with 
engine developed in second biomass subproj ect ). 

Field Operation of Commercial Unit (Gasifier-engina-pump ) . 

• Engine: SHP 

• Cumulated Operating Hours: 120 

• Diesel Replacement: 67 to 72\ 

• Char Consumption (dual mode): 1. 2 Kg/KWH 

• Diese l Consumption (dual mode) I 0.33 l/K\~H 

• Diesol Consumption (diesel only ): 1.1 l/KWH 
(At Rs . 4/1 • Rs . 4.4/kWh • $.33/KWH ) 

• Operator : Local farmer (trained and supervised ) 

Documentation Manual.: 

" Engineet"ing Drowings (not completed ) 

• Operation/Maintenance Procedur08 (not comploted ) 

• Environmental/Safety Procedures (not comp lo ted ) 

• Economic An.lysin (completed ) 

Socio-Economic Impact Anoo.smont (not complot d). 

Training and Vi sits in tho U.S. 

Tran.for of Equipmont f rom tho U. S. 

Yoarly Work.hopn in India. 

Finnl Roport (in pr pnratlon). 
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the impact of the major cost paramete rs (capital costs, 
interest rates, depreciation period, fuel costs) could have 
helped in de fining the range of e conomic viability of the 
system . One assumption is particularly ques tionable: it is 
assumed that agrowastes have zero cost . Agrowa s tc, if truly 
unused, may have zero intrinsic value but they must be 
collecte d and conve r t ed to charcoal . Even if the farmer 
performs these t asks him.elf, the diversion o f his t ime from 
other activities has a cost. 

The unit is operated in a s uga r cane growing area -­
potential rellidues are cane, leaves and/or bagasse - - but i s 
opera t e d on ('harred corncobs. Thi s "mixe d" 01 tua tion results 
from the filet tha t corncobs were used in labora tory 
expe riments and that no ready-made method wa s available for 
charring and br i quett i ng augar cano r os idues . This should bo 
e xplored . 

Although a compreh~nsive final report will be issued 
s hortly (unde r propara tion by A. Talib, Mi tro Corl'oration), 
training a nd other documentation manua l s wor e not prepared. 
These would be useful. 

During the site visit , tho data recordi ng procedures were 
r e viewed with Dr. H.S. Mukunda (IIS-So ngalore ) . Gome 
modifications were s uggested a nd will be implemented: 

• provide a scaln to weight input fuel , 

• provide a f unnel to avoid fuel 1088es during 
l oading, 

• record tota l d iose l f uel oonsumytion from 
beginninq to end of each pump fIg p riod 
(in tegrated value ), 

• improve wator oeol to avoid leakB to ongine , 
a nd 

• repair/improve flexib!o joint bl'twe n gasifior 
and engine . 

Th overall 
poaitiv ond th 
in obv iouo. 

impr lsion 
decHcation 

conveyod by th 
and onthulium 

c. Attainm nt of Objectivel 

l ubpro joct t. very 
of tho participant. 

Th l ubpro j ct hod clearly doHn d obj otiv 0 and , with 
minor exo ptiono , t h 10 objoctivoa w ro 40hi vou within th 
tIm fram ollocated for th pro joot. 

Th 8ubproj at contributed 0 aehi vin; th obj c ivon of 
t ho oompon nt -- biomou oonv rdon -- in that it providod on 
apparontly viobl mothod for r plaeom n of di nol fu 1 by 
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re newable waBte materials . The oubproject 0100 contrlbu od to 
Qchiev ing thll oVllrllll ol>joetLvos of tl>o AERD proj""'~ by 
providing a moo n tor roducing dapondonc on importod ruole 
wh ilo providing lin oltornAtive tor gonerll ing ho mochanicol 
powor needed for irrigation . 

d. Barriers and Constraints 

No major barrien prevontod th projoot trom Achieving 
ita objoctiv08 . Some minor probl ma WOr rocord d, luch GO 
minor delayo in the transfer ot impor od oqull"'l nt tr tho 
US , dolay in aecuring the noeded ln r gao tor oporllting ho 
analytical equlpm nt and 80mo organizaeionftl probl m. dUring 
tho integration of this cubproj ct with tho locond .ubprojoct 
(oco soction 3.2 . 21. IIll tho8e problem. woro Dolved hrough 
th combined ttortl ot th partloo involvod and nono rOlultod 
in noriouo doleys tor tho projoct. 

o. Procur mont Ettort. 

The ~ubproj ct call d tor tho tr nit r ot opochllzod 
quipmont trom he us to Indill 0 rointorc h ,noly lcol 

capabillty of ITT ln analyzing and documon Ing I 0 work. SOQO 
delays war record d ln hlo ran.t r . In r trOlPOC , h 
U.S. contractor roaponaibl tor th tronar r h.d h dl' loult 
toak ot .acuring , shipping lind impor in; opocillihod 
oqulpmon on vnry ahor noticc . HOlt probl III appoor to hlvo 
rosult~d trom long hy and c~pllcotod Impor rogulo 10no. 
Thai wor atrlllghtollOd ou through tho in rvon 10n ot DII£S. 
It cou ld b I U99 Itod ho tor fu ur projoc I , lomo _poc:Lal , 
aimpll!l d import froc duro. .hould bo a up wlch ho 
opproprlAt Author ti I 0 f.cl11. 0 ho imper ' of 
. poci,lIlh d qulpmon~ .. n hl tor tho luca .,Cul oom,f don 
of collaborft tvo projoc •. 

r. Honftgom 'nt Ettoo tv no •• 

Gon rolly .p oklnq, h .ubproj c r colv d AdoqUA 
.upper Crom bo h DilES And USIlID. Hnonoin; oC ho pro,ao , 
or;onlzo ion ot 0 udy ouro , workohcp' and vloi I . And 
1n rv n 10n on .pocl.1 oocoalonl , .uch A, h imper ot 
quipm ~ , waro prov1d d In 1~ ond AI naadod. 

;. r.tfootivon II of U.S. T~ohnol09Y TrAn~r~r 

Tho viii I lind rolnlnq I IIlonn ln hll US 1I1d Involv 
univ ral yond rO.lorch c ntor. Involv d In go.l'io. lcn. In 
con fIJI 0 0 hoc ochnuloql I , luch AI tlu Idil .. d b@d 
CombUI Ion . h ro or rcl. Lvoly ( w prlvo.. n i 10. AC ivoly 

n9l190d in 11'1011 .col 9uIttco Ion of blOA.... I ill hOPild 
hll con lie. • abll.h d dudn; hill prOOf... DO w lin Ind Lan 

r loarch groupi and U. 8 . lI11'111'f 9rCUPI wlll bo ",dn Ain@d . 
110 algnl Cican UCl!nainq Ot m/lnurnc IIri n9 "OI'@!!l"'!n I IIU 

xp 0 d 0 ,olul Crom ho progrAm. 
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h. Relevance of Technology Selected 

The technology selected is capable of providing an 
important fracH,>1l of the energy required for irrigation using 
indigeneous reoources. The technology can probably be 
scaled-up from the basic 3 to 5 HP level common to irrigation 
systems to 10 to 15 or even more HP; at that level, the 
technology could satisfy the basic needs of small communities 
for electricity and mechanical power. 

The unit demonstrated in this subprojE'ct was designed and 
buil t ill India wi th local resources and personnel; there is 
little doubt, therefore that the technology could be 
r eplicated without further technical help from USAID. The 
field operation of the unit was conducted by a farmer, after 
appropriata training and it seems, therefore, that the 
potential exists 'or commercializing the technology. 

The subproject, however, included on l y one experimental 
unU. Before engaging in an extensive di ssemination effort, 
it is recommended that further demonstrlltion, pre cur!lor to 
commerc ialization, be undertaken. Such larqer scale 
demons trations could probably be par t of an Energy, Rebearca, 
and Enterprioe (ERE) project, should some manufacturer be 
interested in the technology, which appears to be the case. 

i. Relevence of Collaborative Effort and Study Tours 

The PETC management, team showed much dedication and 
e nthusia sm for the proj ect. This has been acknowledged on 
numerous occasions by their Indian counterparts. A few 
s upplementary visits by U.S. personnel may have boen useful at 
some critical otages of the projecto, but these were not 
included in the budget. 

Visits and training sessions in the U.S. were well 
organized and effective. U.S. organizations involved in these 
activitios wero vory supportivo of tho projoct and its goals. 

All Indian sciontists i ntorviewed who were involved in 
these oessions expreosed their satisfaction; it wa . mentioned 
that a oomewhat longer stay (1 wook) at the Univeroity of 
California, Dav is (Prof. J. Goss) laboratory would havo boon 
wolcomod in viow of t ho abundanco of intormation to aboorb. 

j. Economic Viabili t y ot tho Tochnology 

Tho prolimin.lry oconomic anolyoh ma" by IIT aug90lu 
that a gaaifier o~lratod 1, 500 hour l /yoar could pay tor itaol! 
in approximatoly two yoars. Thi o apponro optimiatic in view 
o f th~ common to mado ~n Soction 3.2.], b abovo (z ro fu 1 coot 
tor axamplo ) and in viow of t ho fact t ha t sta nda rd irrigation 
n "da appoar to be cloDor to 1000 houro/yoar thon to I, SOO 
nou ru • 



23 

As of now, the economic analyses can only be considere d 
as preliminary because many characteristics of the system are 
not su f ficiently defined and neither are some of the cos ts 
involved. Further data should be ga t hered on useful life of 
the systems, maintenance coste , s pare parts coats, unit cost 
for large scale production, charred f uel costs and its 
regional variation, etc. A large scale demonstration proj ect 
such as was mentioned in Section h above could answer these 
questions . 

k. Institution Building Efforts 

Through this subproject, IIT, Chemical Engineering 
Depar tment, has increased its research capability in the area 
of biomass fuel characterization and ga sifier development. 
The department is i nvolved in other biemass conversien 
projects (steves , char preparation, •.. ) which could also 
benefit f rem the increased analytical capability. The 
scientists trained in the U.S. have now received appointments 
at the University, the reby ensuring that t he experti. gained 
will be maintained in the future . 

1. Utility nnd Import.nce of Effort - Recomm ndations 

The project has demonstrated that a galifier Iystem uaing 
oharred a~rioul tura l wastes oan be etfoctivo in providing 
irrigation power and i n rophcing a significant fraction ef 
the dies"l fuel previously uaed tor this purposo. Pabrication 
and field testing of a unit ha n . hown that the teohnology can 
be implemontod using loca l roaourcoa and por.onnol . 

Tho oxperienco gained 10 tar trom th demonleration unit, 
howevor, is limited, oconomics , i nfraotructuro n ado , ooc14l 
impacts among othars are not cl arly dofined. An Attempt At 
imm diato comm roialization could rosult in 1 sn than optimal 
DUCcan and dhatfaction and Cliaint ral by poton 1ft1 UIOU 
becauso of tho potontial n gativo impact ot IOmO ot th 
unr lo lv d iuuoa . Two tollow-up activitioG aro IU9901tod , 
xt nd fiold to.ting ot tho unit to at lllllt s v ral hundrod 

hOUri And xploro tho probl m of proparation of a .uitablo 
fuel basad on 10co1 Wll8too . Th lattor tuk .hould inoludo 
mot rial and anorgy balanool and uarotu1 rocord oe labor tlmo 
aa doacribod in Choptor 5. 

3.2.2 Utilization ot Produc~r au in Small (l-5I1PI U H.i.ty 
En9!nOl 

,\ftDr a labon ory/d volopmon (lhftlo , hiD projoot WII 
intoqrA d with tho 90aifior dOlcribod In Gootion 3.2 .1 to 
conduct H Id rlala or II e~mplo 0 9111El -"n'lino-pump III • 
III heuoh h wo lubptojuo I war eonduotod 1n wo dlUfltOn 
d par mon a ot lIT, hoir Ivolu 1011 pOl'lIllolad OIeh 0 h!lt 0 II 
loroo ox and And , horoton, lomo 01 ho ('OtM:tln a mAdo i~ 
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evaluating the first subproject apply in the present case. In 
those instances. the reader will be referred to the 
appropriate paragraph of Section 3.2.1. 

a . Project Description and Selection Criteria 

Small compression ignition engines (3- 5 liP diosels) wore 
to be modified for etficient utilization of producor gas. The 
engineering studies evaluated performance . emissions ond 
materials compatibility I standardized procedures for the 
tosting of fuels . gAB and engines and tor modHying engines 
were to be devoloped. II field trial unit to bo integrated 
"ith tho gaoifior d~volopod under subproject 3.2. I was to bo 
built ~nd tostod. 

This projoct was solect~d for oosentially the same 
roo sons as projoct 3.2.1 ( 000 Section 3. 2.1.0 ). 

b. Progress to Dato 

e .. entially all the objectives otated in the original 
dotail d work plan hav bo n ochiov d within the timotramo of 
tho proj ot. 

T .cing proc dur 0 for tuol. producor gas and ngino w ro 
d v loped. £ngino modifications for convorsion from diosol to 
duol-tuol oporation w ro optimizod and otondordhod and 0 
t ld unit was tost d. untortunot ly. only about 120 hours ot 
actual fiold to.ting w ro loggod. 

Tabl 3.2 oummorizoo ch main ochi v monts of thi. 
oubproj ct . Commonea .1ml1l1r to tho sO mod about Tabla 3 .1 
apply 1n this COlO . 

Data 10 0100 currontly <:I narot d r gordin'i lubricotion 
oil d grodo lon and onglno woor. 

c. II nt ct Objoc ive. 

Sao Soc lon 3.2 .1. c. 

110 indicated obovo , untor uno ely, only obou 120 houn 
at Hold tn a wore ?D.ublo wi hin th 11110£rolllo at he 
project . 1I1thcugh thoao have c1eorly domenocrot d ho thh 
.y. 0111 1.0 villblo . 1cn9Gr p rlod. at eClting ore nacollory co 
tully volutca ho tochnicAl perCorllloneo of ha .y. am . 

d. Dort! r. and Can. rointa 

00 lao 10n 3.2.1 .d. 

g . Procyromon 

000 Ono 10n 3.2 . 1.0. 
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Toble 3 . 2 Diom 08 Convorsion Subprojoct. Utilization of 
Producer Gas in Small Engines - Progress to End 
of 1986. 

Development of Teftt Procedures (fuols. gas. ongino). 

Dovolopmont and Standardization of Engino Modifications 
(intako. fuel system . rcgulation/control). 

Testing/Optimization of Modifiod Enginos (ahort/long torm) . 

Fabricotion/Testing of riold 
modified ngino with ga8ifior 
conversion subproject). 

TriAl Unit Ifntogration of 
dov loped in first biomass 

rield Operation of Demonotration Unit (gasifier-ongin -pump) ' 

Documontar.ion Manuals 

• Engine rIng/A •• mbly Drawings (not compl ted) 

• Retrofit/Operation/Mointenonce Proc dur a (not 
comploted ) 

• Environmental/SlIfo y Proct!duroo (uo~ completcCS) 

• Economic Analyais (.Q projoc 3.2 . 11 

Training/viaita in tho U.S. 

Tron.f r of Equipm nt from th U.S. 

Yearly Work.hop. in Ir.di • . 

Final Roper ( in pr.porotion) 

• Summary Op ratIonal Choroct.rio ioa for th 10 oro ahown in 
Tabla 3. I. 



t. Management E!!ectivonola 

Soo Soction 3. 2.1. !. 

9. e!!ectivenela of U.S. Technology Transfer 

Soo Soctlon 3. 2.1 .9. 

h. Rolevance ot Technology Soloctod 

Sao 5 ction 3. 2.I . h. 

i . Rolevance ot Collaborative effort und Study Tours 

Sao S ction 3.2.1 . 1. 

j. economic Viability of h Technolog~ 

5 S ctlon 3. 2.1 . j. 

k. I nlel til ion Dullding EHorta 

25 

Through the collaborotivo ffort . liT . D partmont of 
M chonico1 En;1no rln; . ha, Incr 00 d itl capability tor 
fuol/ongino tal::ln;. ho diagno.tic aquipmant and training 
rec iv d . combinad with xlltin; to.t onglnal , cr Atod 0 
nucl u. capob1 ot conductlng troctivo ongin -r lat d 
Itudioa . 

1 Ahou1d oliO b notod tho, y bing involvod In fl Id 
trlolo, both ho Doportmont ot Ch lIIicol Enginooring ond tho 
Dopor ilion ot M chonical enginooring havo goJ.nod inl1ght ond 
axporiono in tran,toring t chnology from th ir ocodolllic 
nvironlll nc ° ho rOAI lito nvironmont. 

1. Utili Y And Importanco ot CHor - ".COM ndotlon. 

80 aootion 3.2.1.1. 

At prOIOnt , no Collow-up work il nvillon d excopt 
col1abor.tion wi h ho Ch mica I Englnooring Ooportmant, if 
tollow-up work ia conductod th ro , on on o.-noodad bOli • . 

3. 2. 3 a Wood-
.n no • 0111 ° 

o. Pr01110t Ouorlpelon Ind n I.onlon CElt rio 

WID 
1\ rolla 10 wood-bnaad goaalor ond 911 01 an-up Iya m 
o b dovlllopocl And hI! olMn 941 fod 0 5 And 30 liP 
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compression ignition enginos . Field trials \4ore to be made in 
rural areas. This subproject is meant to capitalize on the 
exporience in gasifier technology accumulated at the Jyoti 
Solar Enorgy Institute (JSEI) over the years. Bosides tho 
technicAl dovelopment, a socio-economic impact assessment wa s 
planned. It would establish a profile of the village selected 
tor the field trial , determine the availability of wood fuel 
in the region and quantify the economic and social benefit. to 
be derived tram tho gasifier/engine set . 

This project wu selected for the same reasons as tho 
othor gasifier project (Sections 3.2 .1. and 3.2.2. ) : 
incroasing numbor of diesel-opc:ated irrigation pumps and 
desire to decreaso the dependence of the agricultural soctor 
on importod fueln. 

In viow of the curront deforestation probloms and of tho 
cHfticulty and cost of obtaining wood fuol in some areas of 
the country, tho soloction of a wood-basod tochnology could bo 
rogarded as unwise. The project must, however, be looked at 
in tho broader context of progressivo substitution of wood for 
toaail fuols through the implomontation of "onorgy fores ts" 
Which, if successful, will provido significant amounts of wood 
fuol . This subproject thus complomonts the lubprojoct. 
conducted under tho Bioma.s Production component of tho 
ovorall AERO projoct. 

Tho work wao conductod at tho JSEI , now r namod Sardar 
Patol Ronowablo Enorgy Rosoarch In8tituto (SPRERI), in Vallabh 
VidyaMgar, Gujarat, and at tho cloao-by sito of Johrl tho 
U.S. counterpart wa D tho PETC toam. 

b. Progrol. to Oato 

A .mall domonstration unit inltalled at tho villago of 
Johr run a a 3.7 kW dielo1 nngine-pump oot . It i. a down-draft 
aYlt m with an output of 12 N cubic motorl/hr. (about 400 
cfh ). Tho combultion :ono oporatol at about 1,100 d09ro 
C ntigrado and tho outlot g •• ia coolod at about 125 d g . C. 
Th cl an d g/18 in tad to a 5 liP Field Harahall ngin that 
operGtOA at 1,500 RPH and hao a pump out,PUt ot 15 1/1 (about 
200 9Pml. 

Th farm r who op rotos thia 9al1£1or- n9in unit wfta 
"rair. d in i • 0P ration and maintonanco by th JSEI and koopl 
a 109 of all inpu I and outputs . Tho ayotom UIO I wood blooks 
(a~~ut 5 cm x 1.5 cm dia.I, moi.turo cont nt about 10 
( stimac al pr parod by tho form r . OVGr 1,000 c umulat d 

'~oura of wall documftntod op ration hav b 011 accumulated . A 
prolimirary conomic annlyli. haG bean p rform d . 

"abl 3.3 oUl1VnuizGt tho mdn aooomplilhm nt. of h 
aubprujoot . 
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Table 3.3 Biomass Conversion Subprojoct. Dovelopment and 
Field Implementation of Small Wood-Basod 
Gasifier Engine System - Progre~. to ~nd of 
1986 . 

Fabrication and Testing of Field Trial Unit . 

Training of Personnel. 

Fiold Operation of Trial Unit 

• Engine. 3.7 KW 

• Commulatod Operating "oura. 1. 100 

• Dieoo l Replacemont, 70' (about) 

• Wood Consumption: 3 .4 kg/hr 

• Dioso l Con.umption (dual 1'00 ). 0.27/hr. 

• Di 801 Consumption (di 801 only) I 0.9 I/hr. 

• Oporator : Local farmor (trainod and . up rvisod ) 

Docum ntation Manuala. 

• Enginooring Drawing •• 

• Opor~tion/Maint nanc Prococlur o . 

• Safoty Proc duro . 

• co.t and economic lin a lyaia 

• Environm nul Impaotl 

Training and Vioita in th U.S. 

Trannfo~ oE Equipm lit from ho U.S. 

Y arly Work.hop. in Indl.4 

Pinal Roper (in pro9ara ion) 
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Tho dev 10pment work in of very good quality and woll 
documentod. The Held unit telted te more onginoorod than 
that tested in the othor programs (Soctionl 3.2.1 and 3.2.2.), 
thte probably reUocte the Hold oxperionce gainod provious ly 
by SI'RIlRI whll conducting a guiHer project undor a Ford 
Foundation grant. Stort-up timo of the unitl wu about 5 to 
lu minutel from th tim ot lighting tho tuel to Iwitching to 
dual-tuol op ration. 

Tho locio-economic docum nt i. 10m what limited in acopo. 
Becaule only ono unlt woe telted. tho impact of quitiers on 
tho loclal .tructuro ot the vlllag cannot roally be 
OV01UllUd . Tho propoul collod for an oVllluation ot wood 
nvallability In tho ar04 whloh io mi.ling . The conomic 
onolYllD. whil toking into Account tu l delivery ond 
pr parll ion cOin. dool not includ II lonlltivity onalyo1o . 
Purthor . th amoun I o'lign d to capitol rocov ry and inter It 
do not oppalr to be corrae (th m thod ot calculation 11 not 
provid d.) 

During h10 vialt. it WDI ogrood to provid tho fArmor 
with a 1001 In ord r to Obtain mor rclioblo fual input dotll. 

Tho original propolol Inc Iud d th dev 10pment ot aYlt ml 
rongin9 trom 5 to obout 25 III' . Duo to bUd9 tory con.trdntl 
th projoo WAI limit d to 5 liP un i •• 

Tho ov rAll imprenlion frol1l h 
CovorAble, h ro II 0 cone rn for 
dodie6 ion ~o h projoot. 

c . 

projoot. 11 v ry 
n91n oring and much 

Tho lubprojoc hod cloor ly dorin d objootlv. , 
ell ntlolly all h ,ohnlcol objeotivol hovo boen ochieved 
ond w 11 docum ntad . Tho loeio- cenomic onolyo1o od9inolly 
plAnnod WII no tully complotod , hiA 11 1101 ly duo to tho 
tAC ho h lubprcjoc Inc Iud d only ono domon.tro ion unit 
Cr~ which it 'I izpoo.lblo 0 dor1v. 119niClcon 0 A iat1cIl 
da • . 

Th lubproj@o con ribu 01 0 Achi vin9 thi obj ceivI' ot 
h cCftpon@n -- bla.A •• conv.rllon -- 1n chi L provldol In 

Ipper.n ly viable mothod tor d apllcln; .l;nitlclne Amoun I ot 
dlOiol (uIIl ehrou;h tho Utll ot A rOMWAblil rOlour:c. 
po on lAlly avdllble in mAny pu. of ho coun cy . Tho 
IU prolocc .110 con rlbueoo co Achiovin; hI! ov@rlll 
objllc IV@1 of ho AllRO projoc by provIdln; D 11'0 hod tor 
roducln dOp9ndonco on impor d Cuoll whllo ottorin; an 
AI IIrn. iva ~ hod (or 9@norA In; h chAnLcal power n@odad 
tot A;ricul ur 1 d~volopmlln. A, no ad obov. chll Cull 
on (1 of ho ochnolo;y will only bo rOAoh d whon 0 rollAb!o 

lupply of wood CUlll can no Allcurod. 
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d . Barriers nd Constraints 

NO malor barriors proventod the projoct fro," achieving 
its technical objectives. Some problems were recorded . such 
4S delays in the transfer of import d equipment from the U. S. 
ThOle probloms were rosolved through thu efforts of the 
parti I Involved without interfering • riously with tho 
outcom ot the projoct. 

Delays w re incurred in obtaining the g08 for 
calibration. Som 8hipments reached th 9ite with some parts 
of th quipmont mift8ing. Th contents wore apparently not 
ch e ked by h precu rom nt Bubcon ractor (chocking would have 
r l ult d in further dolays becaut uf unpacking snd 
r packingl . 

Prncur mont Error B -
Th II tU4tlon WAI ho 04mo Cor hLs prolec 08 was tho 

CAlO for h other lubproJ ct ( I S ct lon 3 . 2 . 1.0 .1. Added 
o hi. wal h roblem of mi.ll ng compon nt l mentioned und r 

d. abov . 

r. Hanaq men ELC ctiv n .1 

Th 10m comm n a h. w r mad in Scion 3.2.1 . £ . • lso 
apply in thll cal . 

9 . EttoOliv no I. of U.S . Technology Tranlt r 

S S c~jon 3. 2.1. 9 . 

h. R s 

Th ahnology J loct d I. cap4bl oC 
Impor an trac ion ot th m chan I cal n rg. 
agrloul ur ( ir<194 ion . Imall milla . c . I 

I a rial y In diDp rl d loc4 ionl. 

providing 
requlr d 

41 well 

an 
in 
4ft 

Tho unl d ~n. rat d In hi. lubprol at wa . d lignod and 
bull In Indio. in rac~ Improv d on provlou.ly d v lop d 
Jndlan ochnoJogy . uling local r loure I and p roonn II h r 
11 IiI' doubt. h roCor. ho h t nh no l og y could b 
r pllea d wi hou Lur har ohnlaal h Ip (rom USIlID. Thn 
unl WAI op to ad by an n hu.lu I" and d dient d form r . 
aC or approprla raining and undor IUP rvillon. aa n d d. 
1 • 1111 h r for hat til po n 131 xln I for 
C:OIM' r( ? jj zn Ion. 

Th .ub ro, c Includ d onlv on xp rim n al unit. 
o@tor!! nqllqlnq In on x !lnliv dllOumlna ' Ion Hor . I in 
t c:oMond d ' ha rur II r d mono rn ion. b c:onduQ dl tl1i1 
aould probnbly b aohi. v II hrou9h Ewe pro'1rnml. 
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Finally, it must be stressed that this technology can be 
considered relevant only if sufficient amounts of wood fuel 
are available; its dissemination should thus occur in parallel 
with an expansion of woody biomass production capability. 

i. Relevance of Collaborative Effort and Study Tours 

See Section 3.2.1.i. 

j. Economic Viability of the Technology 

The preliminary economic analyeis of the performance of 
the demonstration unit indicates that, at curre nt prices for 
wood and diesel fuel (Rs. 0.4/kg and Rs . 3.58/1 respectively), 
operating the engine on wood fuel (dual mode) would cost Rs. 
0.70/KWH of shaft powe r versus Rs . I.07/KWH for diesel fuel 
only. These tlstimates assume a gasifier cost of Rs. 20,000 
amortized over 10 years (1,000 hours of operation per year). 
Gasifier operation does not appear to be competitive with 
electricity , when available , or is only marginally 
competitive. This is because electricity for agricultural 
uses is heavily subsidized. This situation was recognized by 
the farmer operating the experimental gasifier, in that he 
switched to electrical pumping of water when electricity was 
available at attractive prices. 

A simi l ar analysia made by the evaluation team (see 
Appendix C) s uggests that, under the conditions assumed in the 
prllvious analysis , the gasifier will not be competitive with 
diesel fuel. The main difference between the two analyses is 
that t he evaluation team uses a conventional capital recovery 
formula while the project analysis appears to use only a 
yearly int~rest oharge on the capital. 

These preliminary analyses muot be considered with 
caution; many elements of the nnalysio are stil l ill-defined 
-- cost of gasifior undor large scale production conditions , 
cost of wood f uel whon adoquate oupplies will bo available 
through short rotation forestry, actual lifetime of the 
oyotom , maintonanco roquirement. after long p~riods of use , 
ute . Tho analysel' 0100 Buggoate that tho economic viability 
of tho systom io probably quito Bite opocific;' areao where 
loctrioity io available undor current Bupportad ratoe are not 

good candidate. for the teohnology, for examplo . 

k. Institution Build ing Ef fort. 

PriOr to implomonting th projoct undor rovi w, tho J SEl 
had already boon involvod in tho dovolopme nt and oporation of 
9anlti u . Through tho subprojoct , th oapability of t ho aSEl 
hon boon incrMlod hrough tho tranotor ot anolytioal 
quipm nand toohniquaa and thrOUgh t h training r coivod and 
xp ri nc gainod br t ha otoU i nvolvod in t ho projoct . Tho 

J9Rl oon b b r 1 ad upon to provid tfoctiv . upport tor 
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the further development of gasifier technology both in India 
and in other Developing Countries. 

1. Utility and Importance of Effort - Recommendations 

The project has demonstrated that a gasifer system using 
wood fuel can be effective in providing power for irrigation 
and in replacing a significant fraction of the diesel fuel 
previously used for the purpose. Fabrication and field 
testing of the unit has shown that the technology can be 
implemented using local resources and personnel. 

The experience gained so far is very encouraging but is 
limited: economics, infrastructure needs, Bocial impacts, 
among others, are not clearly defined. These data can 
probably be generated through ERE initiativos. 

Most economic studies sho., that wood fuel is a major 
component of operating coots. The cost "r ~:"od for the unit 
teoted is high (about Rs. SOO/motric ton or Rs. O.SO/kg). To 
this cost, transportation costs of Rs. O.Oll/kg and 
proparation (of wood blocks) cost of Rs. O. l2/kg must bo 
added. As performed now, wood preparation is done manually. 
If the technology is to progreso, mechanical or scmi­
mechanical wood preparation processes must be established . It 
is recommonded that a small research effort be undertake along 
these linos. 

Coal Converoion Projects 

As wa. already mentioned, thor are six subprojects 
pursued as part of thio foooil fuel combustion investigation. 
The emphaoio changod littlo from tho projects i n the 1982 
proposal and the overall objectivQ romainod the same , namoly 
that Indio be como self-sufficiont in energy to develop all 
forms of indigenou8 enorgy resources. The USAID/GOI program 
can provido significant support for the ultimate goall, both 
in tochnology tran8for and a oource for oquipmont not 
availablo from local vendor • . 

Whon he fos.il fuol compononts are organizod , tho 
compo.it s how. a rango from th mino to th power plant. TO 
proDorvo th continuity of thought, tho varioun lubprojoctD 
ar di.cuo. od in th logical ardor shown in Figura 1. 

The Central Fucl ReDeorch In . tituto of Dhanbad (CFRI-D) 
11 a diatinguiahod laborotorl with a long hiatory oC 
accompliahmont in all phanaD 0 cool r aoaroh. Much o · thl2 

quApmon i . of rocont vintag and capoblo of maintaining ito 
pOD ~ tlon in cool t ohnology. In froutructuro i. oloo in plAce 
for cool onalydio, p trogrophy , gOI,logy and op racing 
potlonnc.. Enthu nJD . m of tho Itaf! for ita project in obviou. 
ond tho • a tf 10 onxiouo thot con inu d finnnoIal ropore will 
b ovoilabl . 
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Equipment in place was observed and open discussions were 
held in the field . Ultimate ly , the r eview team sat down with 
the principal investigators to go over a set of questions 
derived from the interests of AID personnel. 

Bosides a review o f the two projects unde r t he fORSi l fuel 
program , one of us (MDS) has a long stand ing interest i n the 
conv9rsion of coa l into liquid fuels and chemicals. Bo th 
methods of conversion aro investigated at Dhanbad , direct 
lique faction with hydrogen and i ndi rect liquef ication, the 
catalytic hydrogenation of carbon monoxide. One staff member, 
V.A. Krishnamurthy had vi aited the Pittsburgh Coal Research 
Center sovora l years ago . 

3.2.4 Bco."ficiation of Fine Coolon . Dense Medi um Cyclone 

Project Description and Selection Criteria 

The addition of a fi nely ground sol id to water produces a 
liquid with an apparent density greater than water itaeH , 
about 1. 5 time. heovier in t his work. Thus , cool can be 
aeparated from ash becauAe of their denaity difforence . 
Centri!ugal force to speed t he separation is provided by a 
cyclone eight inchea in diameter. The unique aapect of thio 
program i. that tiner coal is uRed as compared to normal coal 
preparation practice . Indian coalo have a very high aah 
conten~ and fine grinding is being "valuated aa /I means to 
red uce tho aoh content ot the cloan coal beyond t he normal 
methOds . Improvemont in aah removal could make more coking 
coal avaJlable to the oteel industry. 

Administrat i ve approval from the Gover nment of I ndia wo . 
rec i" .... d I.n Soptember 198 4 and t he next yoar Wa D needad to 
acquir equipmont: nnd conatruot: t he pilot plant. Equipment: 
from tho U.S., (on 8 inoh H yt and Pattereon rubb r linod 
oyolon , partiol .iz~ analyDer , and tho Swaoo Dcro ning 
apparatuo ) woro r c iv d lator 80 that t Dting of th 
aquipm nt could not bo at rtad until Pobruary 1986. Tho 
availabl data nro roported in a d toil d CPRl report iuuod 
in Juno 1986, "0 nofichtion of I'ino Cool in Don.o M dium 
Cyc 10no· by II. K. Chnkravorti. A oignif ioont chong" in th 
oquipm nt wna tho roduction 1n h .pood of t ho contrifuga l 
typo circulat in9 pump , horoby r ducing tho porticl .izo 
dogradotion . Boforo Blowing down, th pump roading. hod to bo 
takon quickly botor th aiz di.tribution Of th coal chang d 
ai9niticnnt1y . 

Tho 8 inch II yl Pott raon cyclon with 0 14 d09 . Mgl 
wo o ino 011ed 01 rocoivod from th U.S. At a GIl den.o m dlum 
to coal ratio h Alh wa D roduc d from 33.8 0 II 0 12 . 6\ 
for 9 to 100 mo. h cool . Pinor cool , 7 co 200 m .h wo . d .hod 
o ho um 1 v 1. Thir y pore. " nnll in ho fa d WII ' raducad 

to bou 20 . Tho yi ld of cloon ccol , howovar , w . much 
improv d by fino grinding of be h cool ond h mOV" 1 o . 
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Tin tollo1.Jlng oro TO'penGo. to apeci fic quo.tion. 
regarding the bonoHclltion of tin coal in it d no 111 cli\llll 
cyelono : 

The criteria uoed 0 0 loet tho projoct w ro cornc • 
Cycloneo are a cOllUOorciol pioco ot quiplllon but thil otudy 
extend. tho tochniquo to high-a.h Indian co II . Pin r 
grinding of tho coalO and finor particl olz d IIIogn tit ploc 
thin procoa. in a now rog!III. Low a.h coal. oro in d mand by 
tho stool indu.try . 

Progrel. t~ Dato, Procuremont Effort. 

Ovorall objoctivo8 woro reach d . lopora ion woo 
otfoctivo and tho product could be burnod . AI with many oellcr 
proj ct. . gotting approval tor illlpor 0 COUI d long delay". 
Tho 1111\ otonoo chart in tho CPRI roport IhoWI th t mol of h~ 
uooful dato toklng occurr d in hint t w moneh. of h 
projoct. 

Tochnology TranI! rc R \ vanc and SLudy Taur 

lr..titut!.on buildl.ng oHorta wor wI. h h PI. Ubutgh 
Enorgy Tochnology Con tor (PCTC) . ClOD cooperation WOI 
IIIain ainod wi til tho cool pr poratlon .,ngineor who rood two 
trip' to Dhanbad. Th group load r II Ohonbad ",OdD II trip 0 
th Pi t.burgh 0 otion. 1 i. xpootad hot commarciAll.ao ion 
will b roo Ii. d in tho 1990.. All h IUpport coma rom PETC 
wh -a cool propArotion r .aorch ia 0 0 high laval. 
T chnology ran.tor from th COAl pr poro 10~ group wOI 
ttoctlv. Id 08 for fu ur work volv d trom h6 proqtom end 

o I c~nd cyclon WOI dosignod , built . and put In 0 op to 10n . 
Th G Inch cyc len mor clo.oly 10 latl d holt ncod. of 
£1 xibility. Othor lupportlv oeh"ology includ d tho 
D poration of mogn tl a ond h oil 09910m ro ion ot tlno c~ol 
porticl G. 1n ;ho 09?lomaro ion chniqul , wo Ot l. Ad.orb d 
pr f ntidy on Ih ond 011 on ho co~l por lcl I which thon 
Itick tog h r or 09910m ro s . Mixing co o . 1111 And 0 hllr 
foetor. d rmino h liz and I r n9 h oE th tinol predue • 
uluolly ~ 0)1 wi h 0 higher hUA In9 volu thon ha cool olono 
b CAUl of h added 5 0 7 of 011 . 

Do hONES ond USAJD ptovl.dad luetlci n fIIonA9 m n 0 h 
cyclon proj c. Tha chnol09Y 101 c d iii rol von, 
.p cl011y whan comblned wl h 011 09910m ro Ion A. pAr 0' h 

con 1 u 1I ho Ion aoquonc . Wh r oppropcill. th 
conc n rn 10n )'\ Id. H II'OrO cumm rclAI predue . Conlttoin. 
lnclud thn avnl.1n 111 V Md cou · of oU . opprol>rl ll I "'Arko I 
for h ba or c~AI And u 111:0 10n of hI A.h. 
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Now that the personal ties have been established the 
intercommunication will continue. In anticipation of 
continuing the project, instruments for the dete rmination of 
surface properties and flow rates have been requ~sted. 

Equipment provided for the project was appropriate and 
functioned properly. Although the equipment arrived late in 
the program schedule, experiments were completed a nd anulyzed. 
Data are . vailable in the June 1986 report. 

Environmental impacts are minimal a nd perhaps less than 
those of other coal systems . Coal and magnetite are moved in 
water suspens ion and the water circuits are closed, that io, 
s olids are floucated .nd the cle.r water is recirculated to 
e"tinction. T.ilings and rejects must still be disch.rged , 
oft·.n into nearby streams. Underground dispoBal is possible 
but must take into account other mining activities and the 
po"sibility of aquifer contamination. 

Recommendations 

Cyclone cleaning of Indian coa l a . hould continuo. 
Although an 8 inch cyclone was provided by U5AID, tho noed fer 
• ai x inch cyclone with a different confi9uration wa . needed . 
The ataff took t he initiative and buil t one. Improved cyclono 
desi9n combined with a detailed petr09raphic analysis could 
indicate t he limito of this method of physical cool cloanin9. 

Tho use of a cyclone for cool cleanin9 provido, a ufe! 
and low cost way to handle fi nely 9round coal . Duot formation 
and ito hozarda aro llminotod. Th coo 1 is 0100 a voilablo 
for s.fe transport to a fluidizod bed combuDtor . 

3.2.5 Coal Wa ter MiK ur Fuel ICWM! - CPR! 0 

Project Deacription 

This multifacoted progum WAI d dgl! d to "xomin til 
rh ology , atability and ccmbustion of coolMWotor mixturo. 
fCWM) . Becftu. of ttl compl xity of non-Nowtonion .yatama , 
ap ciollzed inntrum nation La nood d to mOOlurll tho un1quft 
choroet rhtici of cool-wator mixtur G. Cri iod proportiol 
of CWM or viacoDity, par iclo aizo d18 ribu! ion , IUb.l.l1cy, 
Gudace t naion, aurtoco oroo and pll. £qu~pm~n tor tholO 
.tudi a 11 ovoUobl in Indio but aom In. runonu ion WII 
Duppli d by U6hID . 

Equipmon lu1 11'01 or pc porln; Goal por lcl a billow 100 
m Ih with GO Cin r thAn lOO m 'h (50 ...... fII) WOl OV01UA ad. 
Doth run-ot-mln cool ond daminarlllllod Gonll woro tOI d 
b CIlUID oC h way minultl mo or La d luom1Mc d wi hin h 
conl mll ' rix. Chomical d m1norDlho ion , oil il991omorilt!on, 
oYGlon. lind .olvon ox roction mny II nppliod tor CWH 
prop elt ion lind 01 1n; . 
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Ono objoctivo reached wa e to achieve a high concentration 
of cool in tho mixture and still maintain tlowability and 
stability. At a 60\ by weight concontration of Ranigonj tie l d 
coal in water. magnesium l1gnolultate (Ce lex). " sodium salt 
of ~lkyl napthalone sulfonic acid (Lomar D). a coal derived 
stabilizor (CDS) and particle lizo were inveltigated . Thore 
woe an optimum concontration tor each of tho additiv s . 

FlowabiHty ot the Ch""/1 La muoh improved wh n " ''''011 
amount of coal La replaced with a cool d deved Dtobilizor. 
Thore is cyncrgi.tic effect of CDS with Colex or Lemar D whor 
a gol-liko otruoturo dovolop. and tho CII'H dOOD not Dett! • 
1 . 0 •• 3 Itandard rod pon tratol to tho bottom ot tho column. 
Tho l ignificanco oC thil tOlt i. that of tor Itanding in 
otorag or shipm nt . th mo.. in r adi ly r pulpod Or ouapondod 
with littlo agitation . Anothor fo tor in th dovolopmon of a 
stable I Yltom ia t h diotrlbueien oC particl lizo. . Hoximum 
fluidity and high .tahility W~I observod whon a bimodol 
particl Dizo dhtribu ion woo proparod by mixing finor ond 
coonor fraction.. '1'0 th < 50 .... II coo 1 hoy ftddad I 75 to 
150 ..... m fraction. IllIprov d phyaicol proporti I con ba 
oxploinod by h arrong men o£ Unar particloo occupying tho 
intondcOD 1 OIUnq 0 don.or pocking but th ir not oHoct 1r 
o provldo i"provod Huldl ty . "r 10 cd phonOlllCnon ocoure in 

tludizod bod ochnoloqy . 

Hlllion. or toni ot wll hory rOrUIO ftr pollU 1ng tho Gongo 
and DonlodDr Rl.v rI in autorn IndiA. Thll .!.tuleion lIiqht ba 
raMdi d by burnln9 h c bun 1bla tll Unlla in tludhod bod. 
Not. on htlcit oul~ frOlll tho UUlquahonl Rivor La burnod in 
POWltf plAn I in GAnllrn Pllnnrylv.nJo . 

Th Un philO of ho C~K r qulnd II Hiler. UrO laAroh 
And planninv or on ollpull111n d proc dUfa. Thio baekllround 
work raqu inll tho dovolopr!ll!n o C IIdd! 1.v .. , hI! 1l1l11l0tlon or 

heoo ooill ""plal And A II udy ot ho opou in9 porUllltari 
(cool conCiln rl ion, How rllgll1O. . ludlCO proporth. And 
PAr 1010 Iha dh ribll lonl. Coil WI or Ilurl"illll could ba 
prop.rad 1n '0 Kg bA oh a Ln 0111, In9 ftqui n. U8"ID 
provid d h ".ole vlIool1 Clf. 

'011 ing Af@ h@ fo.ponOIl. by > 

quo. 10nl. 
. _ I It( 0 proparad 

Vo Ild I Y SIt DO 11105 Ion Cr t I!f i,. t eonnrlli n II 

alGetlon ofl GrIll IWbUlh d jJ hI! ba91""ing ot thl! 
proj@o WOfO co, ella And no ohanglll W fa r@quit@d. Ob~@o Ivou 
tor ho n II pha.1I hAV@ alr@Ady bo n ou lIn@d. D@oidol 
rOllohln9 h plAnnlld Ob]@O 1 Villi , proll inny @I I wllfa IIIltd@ 
In h 011.11 Uuldhod bllil (/ UII I,," IInl. In hU projo05 
h t WDr no connflln t. "viRoOIlI 'I' II lIIurinq APPUII u~ 

(IIuk I wu In. did and 0 l.don@1I In "anUA I' I'" 1@lvln; 
lultloi n 1111 0 onrry ou th IllIpori n Al roqrA •• 
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Institution Building and Technology Tronster 

Institutional building efforts were primarily within 
India oince little intormation on CWM exist. in the literature 
and propriotary data were not avoileble. There woo an 
expression thet t ho work dono up to now could provido a home 
tor the cOmbuetion i nstitute . an idoa thet havo been around for 
som 1me . Tho argument for establishing the institute at 
CFRl in baa d on the taces that the infrllstructure of coal 
eoi nee and analytical servico are in place and thoro is a 
Coal Surv y OHicl! on alto t,hat could he lp in coal sampling 
and scleetion . A coro 9rouP ot chemical engineers and 
chemiete could be tormed roodily. 

Sollaborativo Eftorte and Managomont 

U.S. organizationo providod patont literature and 
suppliod umplol ot sUlponeion agonts obtdnod from American 
manutaotur re. T chnology tranltor wa B thuo limited to 
in.trumontation providod by USAIO via Viking 2nginooring. At 
th IOmo imo tho CPR} otaff tolt t hat ONES and USAIO wero 

floctLv in t h it management of t ho program. Dr. Gururojo 
provldod guidan~ and loom d to havo confidonco in the ability 
o~ CPR! invoatiq~tora to corry out thoir work. ONES kopt them 
intormo~ ot workshope. aeminars snd USAIO activitios relating 
o tho CWM projoct . 

Rolovancft ot Solocted Toohnology 

Tho tochnology s looted ie rol vant to tho sate and 
cony nLent tronaportotion ot cool. Coal dUlt/eir mixturoo Aro 
olway. a potontiol explosion hazard. ovon during short 
tronaport dlstoncaa whon 0 atotic di.chorg il possible. 
Othor tochnology involv d ~h ability ot .tabil1zora to 
pravont aottling v n lit no How condi tiona for a long time. 
Tho .ddi ~vaa us d lira organic compounda and probably 
combul iblo in a Hr box . Information on chiD problom WAD 
ob Ainod ftt ho Now T chnoloqioa moetin9 in lIon01ulu (198 51. 
Othor colloborotivo tiOD OItablhhed in th U.S. oro 0100 

xpoctod 0 continuo. 

Al hough he oqulpm n noaded tor t ho proj ct waa 
racoivod lata . i WOI put into larvic effoctively. 0 livery 
dolay wAD 81",11ar ~o that tound i n other projects • 
• poclflcally tho naod tor tho Govornm nt ot Indio to bo 
convincod thlt oqulv61ont oquipmont i. not AVAilable 
dOIllDitico lly . 0 raGloMblo roquOlt . lIowovor. xcou.lvo do lAY' 
in h prQ9talll Ichoduln. CAn roaul bOCAUIO of t ho lllck of a 
knowlodvooblo in ormodiftry . 

Uow 
oquipmon 
lIptlclticl 

hn tho conl-wo or-mixturo projoct ia undnrwny 10m 
11m1. (I ione nro oppor n I ho aquipmunt roeaiv d mot 
ionl ond oporotol proparly. Th dOlirobla oxtonaiQn 
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is the capability to expand the maximum and minimum viscosity 
readings for the second phase of the work. Dased on the 
completed wor~, the proposed project haB four studies: 

1. Develop more effective additive systems that would allow 
higher concentrations of coal, improved fluidity and still 
maintain stability. 

2. Optimize 
distribution, 
etc . 

the physical parameters such 
concentration of additives, 

as particle oize 
milling, mixing, 

3. Design and install a pipe loop to study the flow of CWM 
through a pipeline at anticipated operating conditions. 

4. Design and build a facility for the continuous 
preparation of CWM. The dispersed coal product would be the 
feedstock for combustion and gasification unit •. 

3.2.SA Coal-Water-Mixture Combustion (BHEL-TI 

A normal extension of the slurry-preparation work at the 
CFRI is its pre para tion and combuotion on a large ccale. To 
this end a 0.5 m x 0.5 m fluidized bed combustion unit iA 
under construction at Tiruchiapalli (Trichyl. There is a 
world wide background information on coal-water slurry 
combustion but of ton as an oil substitute and with low ash 
coals. In India the problem to be inveotigated is tho 
combustion of high ash coal and wsahery taIlings that still 
contain carbon. Preliminary tesls reported at the Second 
Annual Workshop proved that the slurries could be burned. 

Factors to be evaluated in tho now 
facilities for bulk proparation of CWM, 
moasuremont, erosion tosting, scalo up factors 
porformanco. A Roparate tost rig will study 
that may bo suitablo for atomizing and burning 
per hour. 

Rocommondation. 

FDC unit oro 
pressuro drop 
and combustion 
nozzlo dodgns 
400 Kg. ot CWS 

Tho Govor.nmont of IncHa is apparontly committod t o tho 
dovolepmont of fluidizod bod combustion technology. Small 
commorcial units oro in oporation and an objaetivo of BHEL io 
to bring this technology to tho powor induotry. It would bo 
ot advantago to USAID to support this activity and be privy to 
commorcial devolopmonts. CWM know-how io an integral part ot 
th combu a tion Dystom. 

3.2.6 Dharat Heavy Eloctrical. Ltd. (DHEL - T! 

DUEL LD a largo integrated corperation and tho oito at 
Tir~ohiropalli haD Dovoral pilet planta. Tho on a ot 
particular intoroot woro th now 1m x 1m atmool'heric prOD Duro 
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fluidized bed combustor (AFDC) and the combustor for 
coal-water-slurries. Design and approvol of 30 !oIWe plant has 
been completed. At the moment they aro waiting tor word from 
AID concerning financial support. Smaller commercial AFBC 
units are in operation, a distillory, polymer pi ,nt, cement 
plant, fertilizer production, paper mills and a sugar plant. 
Others aro under construction tor proc~ss steam, cogeneration 
and power generation. 

3.2.6.1 Evaluation of the Freeboard Porformance in a 
FluIdIzod-Bed combustor and Coar Wator Mixturo 
Combustion (SIIEL - Tl 

Project Description 

An overall objective wa s to dooill"., ~onstruct, commission 
and operate a 1 metor x 1 metor Atmospheric Fluidized-Bod 
Combustor (AFBC) research test facility. To be evaluated wore 
combuotion and heat transfer in tho frooboard region. 
Specific objectiveo woro to: 

a. Gathor performance and hoot trona for do ta . 

b. Determino dust loading and gas composition along the 
froo board longth. 

c. Corrolato tho froeboard porformanco In torma of dosign 
and operating parameters . 

d. r-otain c~mbustion officiency and carbon burnup data ao a 
function of fuol typo and size . 

e . Obtain data on the SOX/NOX reactions in the f~o board and 
thoir effoct on unit emiasiona ond sorbont uti lization. 

This inotrumontod roooorch facility will gonorato 
ongineering and portormanc data for burning Indian coola in 
tho AFDC systom. Enginooring corrolationa provido a baoia tor 
tho dooign, scalo-up and porformanco crit ria of up to 30 MWe 
commercia 1 APDC units. Cost of the project was sharod by DIIEL 
and USIlID. BIIEL dolignod, conatruct d, ond commiuioned tho 
toot focility at a coat of RD. 35 lakho (0350,000). USIlID wo o 
tc provido specializod inatrum ntotion and dato acquiaition 
syotom. at a coat of $300,000. Tho taaka oUblinod abov w ro 
carri d out botwoon January 1984 and Jun 30, 1986. Work woo 
still in progrooa in January 1987. 

A ahabl crow of ongin nand tochnicinno woro raquirod 
to d oign and build tho eombu.tion plant and mor will ho 
nood d to up roto ho ayntom on a round cho clock buiD. Of 
particular inc root to tho USIlID pr09rom 10 t ha .p~eo above 
th fluldizod b d cOllod th frooboord roo lon. In thia volumo 
10lno oombuotlon tokaa place and Dome hoat 1a oDHorbod through 
hoot axchan90 Durfoc D. Thora 11 11110 .om particulate 
ontrllinmont and IlDa phon rooction.. Sine f wor ho Opotl 

http:USbain.BE
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are found in properly operated fluidized bed, the average 
tempera tures are lower and the formula tion of SOX and NOX is 
reduced. Looking through the observation port one can see 
glowing particles flying randomly in the free space. 
Combustion efficiency and carbon burnup are important factors 
in this work. This unit has a well planned data and sample 
dcquioition system. Data is stored in a "ewlett Packard Model 
3054A computer and the gas stream is analyzed automatically by 
a Deckman unitized system for six components. Ultimately, the 
computer will be used for process control as well as data 
acquisition and analysis. 

The present design allows for expansion of the freeboard 
space by adding plenum sections , and changing the fluidized 
bed depth to cover more or less of the horizontal heat 
exchanger tubes in the bed. The rest of the plant will remain 
unchanged. 

A total of 120 tons of finished components for the test 
facility and the subsystems are inntalled at Trichy. 
Inspection and performance testing of the 1ndividual 
comronento was completed as was the curing of the refractory 
and fluidization trialn. Most of the items available in India 
were delivered during the later part of 1985. Some of the 
major pieces of equipment were .olids feeders, fan a and 
blowero , refractory and insulating materials . 

Following is tho summary of responses to the discussion 
'!ueetions relating to the freeboard region of the atmospheric 
pressure fluidized bed combuator, 

Selection Criteria and Progress To Date 

Thero woo no ohange in the objectiveo since the project 
inception in 1982. Tho unit to burn coal in a fluidized bod 
was doaignod, reviewod , approved, conotructod and 
commioaioned. On tho day of the reviow the 1m x 1m unit was 
1n opera tion . 

Darri ra and Con.traint. 

DoUvory of oquipmont by Indian ouppliern wa s slow not 
withstanding tho sPOto of b~d weathor . Expoditing wa a dono by 
th staff who followod up tolox m08oago. and phono calli with 
poraonal viaita in ordor to got import oxomption • . 

Monagomont Effoctiv n aa 

Ono of th t hi ng' d Hciont in mOlt projooto W08 tho 
lock of a coordinator . ,.cquiring of compr lOad gaaoa for 
inotrum nt calibrotion Wa D a good xampl . Cylind ra ahippod 
from tho U.S. vot 01 for 00 Tokyo but could not b loa dod on 
Indian plonOi and woro oubaoquontly r turned to tho u.s. All 
altorna rout wa . work d out ul timatoly. 
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Institution Builainq ana Study Tours 

Inatitution buildinq occurred V10 th combueeor doeign 
reviow . Fivo onqineora spent tour woek u in tho US and viii ted 
sovon placoa Foator Wheolor, EPRI, Babcock and wilcox. 
Combustion Enqineerinq , METe , ORNL and TVA, t ho lottor ploco 
wa s doing tho review of tho plont tor DIIEL-T . 

Tochnology Tronltor 

£ttectivon .. ot U.S. orqonhotiona and technology 
transfer waa apparont trom th I poed with which work woo 
occomplishod and enthus iasm of the qroup tor thio proj ot . 
Input woe rocoivod trom a voral 'OUrcel and oppl1ed to r.he 
doaiqn and operation. Repreaontetive. from ORNL .pont 
conoidorablo tin:~ on .ite to provide continued .upport to th 
on9inoerl and con.truction a r w. 

ONES did not r quiro a poriodic r view but when 
tor aaoistance woro made, ONES wo o there to auht . 
occasion th import duty wo.. waiv d becaule 
intorvantion ONES. 

roquosta 
On ono 

ot th., 

The tochnologi 0 dave l oped provido alternato (00d1n9 
ayatom. and will prove out tho quipm ht arrangomontl such AD 
bod hoiqhtn, hoot tranltor, coml:.ultioll otticloncy, Otc . 

colloborotiv Effortl 

lIero La on COl whoro continu d co l l.,borotlon will ploy 
a major rolo. Thore will bo conlidorobl da ca oxohanqo b tweon 
u.s. agenci I and relotod Indhn ottic I . Typicill would b 
TVA ' . intoroot In a boilor ono Itep oh ad ot thoir pilo plon 
unit. 

The equipment rec i v d wal certllinly approprio e . It WAG 
nor tim ly b caUl ot natural and pollical conotroin • . 
Ov roll, th unit 10 undorway . 

Env ironme ntal Impaot 

On tho nvironmental lido , partiouloto rna or and .uh 
dilpo.ol will continu to b .19nltl0.n probloml . Tho 
follow-on pr09rom mD y Invo.t190to h applloD 10n or • 
baqhoul tiltor. It tho por 101 .ho ot tho Hy iIIh b 
InorOllOd In th POC 'Y' m, turth r Improyomen may ro.ul~. 

Rocommonda ion. 

Tho Dtmo.ph rio proOlure fluldhod bod combun!on Iynom 
ia (·n t ho brink ot oporll 10n DnoS oklnCJ II II op 1n hI! 
dovo lopmont ot a commorciAl powor componan . Wi h ho 
toohnol09Y n twork alroody doyolopod botwoon h u.n, And 
1nd14, it will bo a bond1 0 oon 1nue tillAno101 Jlupport And 
rotain AOO II 0 now doyolopmanu lind 801u 10n to po lin 101 



oporotinq problomD . Thla .olon.ch will load 
tochnoloqy .uch 00 aolida rocyclinq and 
combuation . both ot which will improvo offlcioncy . 

3. 2.6. 2 Cool-Wocn-Slurry Combunion (DIIEL-T) 
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to advancod 
proaourhod 

A plio plont ia undor conlcructlon tor tho combuation of 
cool-wotor-mixturo.. Th 0 . 5m x 0.5m fluldizod bod ia 
tloxlblo in tho tho combuotiblo tood con bo und r-Hrod or 
Cod to tho top ot tho bod . R aidonco tlmo ond bottor oir/tuDI 
mixlnq aro Incroolod by cornor tirod . tonqontlol I condorI' olr 
obov ho Dlurry inlot . 'or hh unit USAID provid d on on 
lino Orooktl ld viacodCII tor . llooko vl.co.llllotor tor 
loboro ory uoo . 0 hUod lphio mixer for olurry oqitotlon In 
h tood onk . 0 Wildon diophrom pump tor .lurry trona for . on 

on lin Koy-Roy don.i I' motor And coromic ip. tor ho 
otomiz ra . Othor quip.. nt ia ovoilobl tor droplot aizo 
moo'ur m n u.lnq dl!ftoc ion ot 0 lo.or balm. 0 hot air tOp . I 
po roqrophlc mlcrolcop ond .urflco onolyzor . Th 'DO llat two 
InltrUllMlnu or u.od 0 oxellino cono.phlrOi ot burnt'd out 
por iclol And ZO l'IIOoaur lurClco oroOl which oro rolated to 
10 Lvi I' ond corbon burn-otf . 

A r loced tocl11 I' 11 b Inq built 0 burn 400 Xq/hr of 
o ahod cool-wo or-Ilurry . Auoclot d oqulpm nt wlll b,U 
11111 ho cool ZO 0 tlno .Izo ond proparo tho cOll-wotor-.lurry 
tor IlcoroqD . Throll : !'P I of 0 ollh n woro doliqn d ond 
fobrlcAtod . On ho dol' ot ho tl ld viii . flow COltU ot ono 
burnor contiquro Ion w r undor wAy. I/o hoot rocovoty h 
plonn d And A.h will oimply coli c In ho combu.tion 
ch.1IIb r . 

,01Iow.1nq on fupanloD 0 tho quu 10no IIkad ot Ach 
projoc I 

hOf WOfO no Tho I 1 cion crillrlo w ra oorr c -­
oh.nqol trom ho orlqlnol propa •• l. Al houqh 
conlcr.in I ha doloy d ho proj 0 obou 
objoo Iv I w f reich d. 

chllea woro uomo 
G aoonch.. ho 

Oaeo i am. wllro pUfoh •• d in IndiA 
oqui on could not be idon iCiad un 11 
und NAY. A IUIII now II or nlllldod tor 
proqf •• hi. b on roquo.tad. 

bu 
tho 
ho 

.0 ot ho 
projoo go 
oxpu llIIIInul 

Al hough 
tho work, 1I 0 
" Jo1pur. 

hllrfl 'In no individuAl lei 0 d 0 coordlnAC 
I I w!lr@ dllvolop!!d w1 h PETe, CrRI Ind hI! RRL 

eell'bpr. Iv r.tror ~ ~nd 9 ydY Tour 

U.I. org.nl •• lono, If loul.rly Viking Bngin@l!finq 
COlllp.ny , w It 0 troc I VI! In procurinq aqulpmon in I .hort 
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t..1eo . HOWI.!VllJ:, nr . Si.tlu)-4-.c.o.lt1 no.L dul...1- ... ·uz: i htlC.A.llJlc- ~par:-L 
approvAl hod no b.,.," nb ft1nrd. At t'r lqh n hi RtH.L pj\ld 

ho hro 10c)(11 lI'~PO ' du )0', tl tlt'Avy bu,dt~n on h,' p r )"C l. 
Excop tor h ,upJlOr frol'l\ vt:c hut Wn . 110 onf~ 0 1n (li rft C' 
W1Lh llnd no on on hi. proj Cl Vi.1 I"d h.· U.S ., mAinly 
b caul no on ,1 1, ;'nown v bH "''O r tnq on C\o, S com.bur-t 1(\" in i'I 

(Iuldlz d , d. 

On rriOlon Cor d lay 
~ho D~f.S oak 0 Alrroy. 
Wftl no cit Ar. 

• drlt~d 
Whi 

~ d' h~ ~ yp r • 
t, t' d."L\y OC:CU I r,'d 

Con tnultd lnvolv m n 

IIppllca Ion 0 1 h~ CIo./I chnoloqy con qo beyond coo. 
t: 'dl(. Th,f, ,1tf' l11nq And .ludq , Sr m It v""r 1 _ou re.,. 

hit conlAln r coY"r" In n. rq)'. Thl' t chnoloqy CAn 1.0 he 
.'ppll d 0 h~ Myl ron"" n Ily occnp Ablt' ... hod o r 
und .1rftblt' ... a. ,. dl.pO •• t luch .1' r t •• ldul' fr OM p r ",111e . 
r fin 11nl or I WAq '~ f. ~~n. G IltlCA 10n IY' MI m4y 01.0 
~n, tl tr o", h~ corn UI 10n r ~. r ch. 

1 1 hop d ha h., pre. n • 1" • .tnd :<no"'l(~dq" o ! ht' 
!1"ld can d y I" co Ioboro IV, I. I. Co.I-.... M-.,Ix u r I 
ar uI"d Co r thn In r odue Ion 0 1 co. In 0 hlqh p r~ .. u r o 
IY' "I And r. Vl0UI cnn f"ro nC' I'1 d(·lcrlh ,·d fOIl. na du 1n .orr 
Indul rl I bollo'(I 1I'lorida I'o .... r .Ind 1.lq Co . I . 

In r for no 0 pro) c: d'IIoYI . h~ procur ·m n o r 
qu I ,,"<1ft w, .. ppropr 10 And I ..... I Y by co I nc Id nc . 

Equip!' n {or h .. pliO pion .. b Inq ... mbl d ond I I 
v iii undu r v Ay WI hln h yd r . II eonl ld r.b l" un o f 
I udy hu 90n In 0 I.u r n r d .... \ln con ! IqurA Ion .nd ma ri o •. 

Cn\' 1 r onf!'! n al conl 1 dh r 1 on. i nd l Cd dI n lin r OY""'"n OV t~ I 
o h r {o r ",. 01 CombUI Ion. Thfl l ow r co .. bul Ion 

IIII' rft l urPI Ihould r duco h~ (o r .. o Ion 0 1 nl lro'l,'n oxl d II 
jI o .. lzo~lon Ihl'uld r •• duc~ h corbon 10 I ond par Icul. " 
to n Ion by h I luldl~ d Iftd .hould ~ Improy d. 

3. 2. 1 RCAI up oC h. II 
CO",bul or 

Iph rl Pr 'Iur Pluldl~od 0 d 

PrOlnc D Icrlpll on 

A UO on 0 I ~ arl P<!t hour AI'IIC ..... d Ilqn d \. 811E!. 
nqin M. And hrou')h USAID. h d olqn wn ruylllw~d by TVA 

unoln. ra ... ho 0 llOr. ,,,,,,II I bu .1 ... 1 lor (luldl. d b d 
c~bul or . ~IYn luq9'" d c:h. n9 I y TVA nqln r. w~r 
Inc:or poro d In h t ln.1 daiion ... h lch hOI now "on.u I d 
(or (undlnl1. Dn "Ih 0 1 h c:h.n9 I w r .11l • ., rl ~d n h 
Third U8AID/GOI Wo rk.hop In 0 C:~Mb t I' d~. 

http:imprioved.7i
http:bekhodnDeebr.95
http:gobeon.co
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The 150 tons per hour unit is a cooperative demonstration 
between USAID, ONES, BItEL and a priva te customer. In the 
design, coal containing 6\ moisture and 32\ ash and about 7000 
BTU/Lb is the basis. USAIO would provide, through several 
U.S. companies, pumps, filters analytical equipment, a 
comput"r control room and an oil fired start up system. 

About 3 years will be required for mechanical design, 
manufacture, commissioning and start up. If no major delays 
occur, data collection can start and steam supply to the 
customer will begin. Output from the unit will depend on the 
heating value o f the fuel wh ich can be as low as 2000 Kcal/Kg 
(3600 Btu/Lb). Ash contents as high .s 70\ are considered 
whon coal wAshery rejects are burned, moisture contents as 
high as 55\ are considered for l i qnite or bagasse combustion. 

Technology Transfer and Study Tours 

This project moved ahead at a steady pace because no 
equipment oupply was involved . 1'echnology transfer from TVA 
was oxtensive; two TVA engineer. visited DUEL and a BUEL 
e nginoor visitod tho TVA plant. TheBo ties will undoubtedly 
continue because these in much interest in both organizations. 

Environmental Impact 

Environmental impacto should be similar or leoo than that 
described tor the AFBC unit. The auh recovery system will be 
cloler te power plant oize and the etficiency ot colloction 
s hould be improved. Fluidized bed combuotion of Indian coals 
minimizes the discharge of oultur an nitrogen oxideo. 

Furth r Activiti • and Continuod Involv mont 

Utllity companios in Indio hove not yot adopted the AFBC 
teohnology although smaller systems oro u8ed in induotry. A 
distillery op rotoo a 12 tph FDC boUer tor cogeneration, a 
polymer plante oro undor 1:.l1otruotion. Ono ot the n w unit . 
will burn woahery r ject8 contoining 6S ash . Other AFDC 
units will burn boqo.s or rico hUlks. 

3.2.0 Dharat Itoavy :l ctrlcslo Ltd. (BIfEL-It! 

Th Corporuto ROloarch and Dovolopm nt laboratorios at 
Ityd rabod ora xt naivo and apparontly ncompa.. a wido 
vorioty of progroml. Hr. R. S. Rongan pro I nt d tho da8i.gn 
too tur lot tho high pr oouro , high t mp ra turo oyltom fo r 
porticuln romovol. Thoro wa o ft qood xchongo ot information 
on tho dolign and pouibl oh mical r ootion.. In tho 
nttornoon w vidtod A pilot plant on th ground. of tho 
n 910n 1 n I aroh Laborotory (IInL-II) whor 0 high prOOftUrO, 
tluidiud b d gaoiti r iR n nrly complotod . Tho hot 9ftO 
01 anup unit wil l b build noxt to t h10 gooifior and a III p 
Gttoam will bo akon 00 fa d to th hot 90D cleonup , yat m. 
Foundationa or boinq dug for tho now qulpmnnt. 

http:Developme.nt
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On the gasifier structul'e is a rig to study solids 
transport and in o.n adjacent building is 0. prototype 
circulation system. It will be about a year before the main 
separation vessel will be available so that the construction 
and commissioning in progress will not delay the testing 
program. There is a good working relationship between the RRL 
and BHEL engineers, both are well supervised and motivated. 

USAID provided the following instrumentation: a data 
acquiaition system - HP3497A1HP7475A, a Deckman Gas analyzer 
for CO, C02, 02, S02, NO and 112 and a Kay-Ray gamma ray level 
monitor. 

3.2.9. lIot Gas Clean-up (DIIEL-liI 

Project Deacription 

There are two main objectives in this pr.oject. One was 
to design and procure a fully instrumented test rig for 
evaluating the performance of some particulate separation 
systems. The other was to acquaint Indian engineers with the 
stato-of-the-art in the U. S . lIot gas cleanup in pulverized 
fuel boilers and combined cycle power pl.nts were visited. 

Besides observing these high temperature and high 
pressure particulate removal systems being developed, the 
engine~rs discussed with their U.S. countorparts, various 
design features. Analysis of the operational datA WAS to 
evalUAte the suitAbility of these hot gao cl~on up concopto 
for Indian coals . These SAme SAme enginoers would pArticipAte 
in the gs s cleaning pilot plants under developmont. 

Project cost ~o tho Government of India (GOl ) WAS 
ostimnt d at $88,000 (1 30 K lakh) for manpower, travel. and 
instrumontation available in India. USAlD wa D to purchAoe 
eight inotrumonts and oomo laboratory oquipmont for data 
acquis ition, gao analyois and 1 vel indication. 

Ma jor tasks were completbd 00 oehoduled . Construction io 
undorw yond should be complotod in 1987. Commiaaioning of 
tho syse m is closoly linknd with tho pre88urizod, fluidizod 
bod guitior. 

Delow aro rooponsas to th routino que, ion I ankad of 
aeh proj ct. 

Sol etion Critoria 

Tho sol ction critoria w ro corr ct and no chong. war 
modo. lIowovor , DIIIlL did xpand th projoct wi t hin thoir own 
programn. Thor will b coop rotiv tOlting of n w quipm~nt 
and inot on d inn rum nt4tion. 
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Institution Building 

As will be explained later, the project came into being 
only in mid-1984 but ha~ progres.ed rapidly. On-line 
monitoring i6 still a prime objective and some good projects 
not included in the original proposal to USAID are of intere6t 
to BIIEL. Typical US1>ID projects are included in the prop06a l 
for continued support , e . g ., advancea filtration method6 , high 
temperature II 5 (hydrogen 6ulfide ) removal , alkali vaper 
contamination &nd s pecialized in6trumentation. Somo of these 
problems and t hose from the AFBC and CWM combu.tion oro good 
candidates for a Combustion In6titute. There is already a 
li6t of worthwhile projects . 

Constraint s and Actions Take n 

The primary constraint on this project was findi ng 
Domeone to fabricate the vessel. Solicitation for bids 
brought only two res pensive replies. The ve6sel is under 
construction in Bombay and is scheduled for delivery i n 
Dncember 198 7 . USATD and the Governmont of India roached 
agreement on this project only in 1984. Dooign work woo bogun 
i n 1985 . Further delay woo cauled by tho changO i n materiall 
of conltruction and some delign modificationl were required. 

Inltitution Building 

Institution building efforts were primarily between 
SUEL-II and RRL-II . DatA trom thiB high temperature, high 
pr aaute service will b of interelt to pewer plantl 
elpeciolly where combin d cycle technology iB appli d. 
Interelt of t he METe monager wa s concentrated on lui fur 
romovol. This alp ct de. not 8eom te b 0 oigniflcont 
probl m in Indi~ unl 01 thoro 10 0 dol toriou. trect of ovo n 
traco quantitios on downltroam oquipm nt. 

Collabora iva Effortl 

Tho Departmont of Energy managor and consultonta to tho 
program ·.ork d hard to make Hoodvo cOntAOCl 1n th U. S . 
Sineo thor ar no governm nt aupportod , rOlat d programn 1n 
th U.S . i n forma ion a nd data War not availablo . Wh n 
nOthing is ava1lobl . th <0 10 nothin9 to b tranotorod . 
lIow v r , thia proj ct hOI 8iqnificont m rit, not only 1n tho 
fiold of portioulftto removal but Gloo ho dov lopmon oC high 
pr BOuro. hi9h t mp ro uro (liP/liT) VOllot dal19n and lolid. 
hAnding. 

Appnc ntly he I Uf( on hiD ho 911u 01 onup pcojoc 
'Jork d in holOtion Crom ONES and 1110. In foot , no OM 
ott ndod t h projoo roviow m oUnq 1n July I 98G . Whlln 
al.l0 onc WO I n d d h I' w nt diroctly to h DOE mon gor or 
vikln9 Enginooring. Ev n baforo USIlID dec1dod to lupport tho 
hot 9/IC cloanup pro] c , DUEL rac09nhod ho I.I~portanco of 
lueh n oppor UI. I Wftl 0110 ItDtod ho von it DNEII Dnd 

http:33,33.33


45 

USAID decide to discontinue their support , the work will 
continue under BIIEL auspices. Not having access to the 
results of this program would mean the 1('8S of useful data on 
the design and operation of dynamic high pressure, high 
temperature dyatoms. 

Collaborative Ties and Study Tours 

Although the collaborative tios ostabU.h.,d up to now 
wore fow , there is continued intorest and the DllfL staff fools 
froo to contact thoso in tho U.S. who may be of assistance. 
TWo of tho enginoors "pont a few weeks at New York University 
whoro rosearch on high temporature solids removal by 
oloctrostatic procepitation is being studied . Trips to 
CalJ.fornia and Illinois we ro al~o uooful i n tho design of tho 
now BilE!. system. At the Institute of Gao Technology 
gasification plant near Chicago, much useful data wore 
provided . Plans arc underway to sond othor enginoors to tho 
U. S . tor training . Specific sitos havo not yet beun solectod . 

A ono yoar do lay ocourrod bocauso ot tho noed to rod08igl1 
tho intorMl parts of tho main prosauro vouol that oporateR 
at 850-900 dog . C and and about 75 pdg. Now bid. wore 
roquirod ovon though the numbor ot potontial Indian 
fab r icatlons io limitod. Only two companio. had facilitio. to 
do tho job. 

Environmontal Impact 

Environmontal imp.cta oro xp c t od to rllOgo trom 
h qligablo to bon ficial. Tho a.h coll ct d would bo comhinod 
with tho largor qua~titi a of ooh trom tho main bolloro on 
oit . Thoro io tho potential for romoval et hlkali v.por from 
tho offluont galoa which ia bon ficial but 0 po.s ibility oxist. 
tor th r action ot alkali vapora , acid gaool and wator vapor 
with tho 2 mm alumi na .ph roo that oiroulato within tho 
aya m. Thoro io no aaeuronc that thaI roactiono will occur, 
but aro notod for h rocord. 

3.2.10 Cold (lao Clean-Up !RRL-II! 

Tho Rogiona 1 Roa aroh Laboratory at lIyd robad 11 
conc rn d primarily with blooh mioAl probl ma Although coal 
convo r aion protocts ouch a. cold ga l cloning and gOli!ioation 
unita or on. to. 

Proj ct DOlorip ion 

Th oo ld gAl cloan-up an~ and I para ion un! i. a .mall 
du 1 (unotion aYlto," oE gOI f dora, flow m ~ra , amaH bor 

ubin; w1 h comprouion Ei tin\ll and t WO D para ion aYltOml . 
Ono of thom 13 An adlorpeion column 127 mm x 700 mm! pookod 
wi t h oocoanut ohor , til 0 h r 10 d r ctongulo r flo pia 
flong eyp hold r or 11 n mlp rmiobl m mbrano inDOre . 



46 

A short visit WAS mAde to Lurqi qAsitier neArby. Thio 
un it has a dAtA acqui.ition computer provided by UNIDO . 

Followi n9 are rosponses to the .erios ot quostiono 
requestod by AI D. 

Seloction CriteriA And ModificAtion 

The originAl c r iteria were modified to oxclude tho 
soparAtion of particulAto mattor . RolAtod work io underway at 
BII EL on A lorgor scale . With approval ot t he METC pr09rom 
manager, t he objoctive waD c hanged to include soparation ot 
acid g8se8 fro.. tho gasifior product stream. The 
Demipermeab l o membrane separutio~ pArt waD unchangod but n 
source 0 r mOlnbrAnc ma terial has not boon found . U.S. 
mAnufacturers declined to pArtir.ipAto in tho pr09ram . 

Batrium And Constraints 

OvorAll objoctives woro not r Ach d bocauso 
specifications for tho equipmont woro not finalizod until 
September 1985 . No equipmont waD avaHobl until laco in 
1986 . There wa . a problom wi th import licensoft rom tho 
Govornm nt of India who r quirod a .p citic form , in tact , tho 
gan chromat09raph arrivod on tho day of our visit, January 12 , 
1987. 

Institution Building 

Con sid rnbla institution buildin9 W41 ovid nt . Tho 
n9inoorin9 9rouP (3 eh mical "n9in~ ro and 2 m c h,nie:al 
n9ine rl ) and tho oupport etatt woro vory much involved in 

90ttin9 tho equipment on otream. Cooportltlon woo aho 
underway with the BIIEL 'lrouP working on the hi9h pc u ur 
syat m. Tho t wo teohniQu 6 Dr cone: ivably complomontory in 
tho both particulato /. tt r pnd acid 9a.o~ or romoved. 
Whon tho sma 11 bonch ooalo work ia comp'l d w/ th a .yn hotic 
90 . mixturos , a amall 908 otroom tr.om t h Lurgi g08iEior moy 
b proceeDed . An xtonaion ot thi. work could b ho 
puri!icotion of nAcural 9410. contol ning carbon dioxle! and 
hydr09 n oultid • 

~ochnology Tronat rand Hftno 9 m nt £ttoctivon •• 

U.S . orgonho ion. w r h Iptul oncl floc ivo . A lox 
or 1 t r to Vikin9 £n9ina ring or 0 \~fJTC brough a rllpid 
rOlpono. U.ually r quoit d wa. chnical intormu ' ion Or 
tunda tor ocldi tonal motorial . Th RRL-II .toCt woa Oil !It! d 
wi h tho orron90m n. Exiacing ropor • w r provicl d onel lome 
intormacion W41 ovai1obl trom h publlc ,~om.in, howovor, ho 
ad.orption o( 911.0. on charco land 0 hu,· high nurfaco OrOft 
ma oriola i. w 11 known . 
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Effectivo managemont was providod by Viking Enginoering 
Corp while ONES and USAIO acted as ft conduit nd woro awaro ot 
changes in tho proj('ct sta.tu.. For oxamplo. ONES askod for a 
project roviow in July 1)86 and pap~rs wore prosentod at tho 
second and third workshups. Reports wero submitted every six 
months. 

Continued Involvom~nt 

This limitod projoct has a placo in tho ~road subjoct at 
powor gonoration, aW!l1cation to acid goa romova . at 
tomparatur 8 up to 150 C. Past oxperienco with tho coal tired 
turbine a t Morgantown. ca . 1955. is 8uggested as a ro foronco 
to ga8 cloan up problem". 

£2.11aborativo Ettorta nnd Study Toura 

Collaborativo ti. woro octablilhod and attempt. aro 
Btill being mod to acquir~ mombranco. ot ditforont typel tor 
t ating. Inquirios by p rlonnol at Viking and tho Inotituto of 
Gas Tt'chnology hav not yot b lin IUCC "Cul. Only one vidt 
woo mado to tho U.S . on thia projoct. Th coaat-to-coao~ trip 
wal ahort and much ot th lookoO tor data and matorialr wore 
propri tory and unavailabl. Futuro tripa should bo 
proplannod with initial contact. modo locally to as.ure a 
prop r oxchong of data or i ntormation on lamplos . All ot 
th nood d quipmont La finolly on dto. somo it yot to 
018 mbl d and placod on at roam. Continuation ot tho program. 
according to tho now propoaoll ot on to Hve yon. will 
probably r quire additional inatrumentation . 

£nvironm ntol Impact. 

The boat atimato at t hia timo . b toro any x~orimont il 
modo. will bo th" n d tor 90e anolyz u tor corbon "",noxld 
(CO ) and hydrog n Su lHd (II 6). both ot which Ora 
nvironm ntol hazar ds. The hydrogdh lu ltid c.n bo reduced 0 

aultur and water by known proco.a • and th~ Itatt il owor ot 
th pot ntial probl m ot tho di.pofta l ot ad.orbant. and 
m mbr n • . lIigh our tal: area motorld. luch .. octiviatad 
corbonl pr lont a hondling problam 0 provon tir and/or 

xploaion • • 

Rocommondo Hon 

Thl. probl m i. primorily ot ocod mic In Ir I but lt can 
be a worcllwhil Inv I igodon. Til prOiln objective. An 0 
900d Ica rt bu h proj ctD Dhould Ivolv in ~ 0 moro 
loph11 lent d .cudy. 
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3.3 Enorgy Eit! iancy 

a. Projoc~llcription and Suloction Critoria 

'1he original pr-ojact papar fropooed " U. S./lndian 
technical xchango program dealing w th energy eHiciency in 
induotry lind tr3noportotion. A program ot technical 
collaboration w". plannad with tho purpooo ot comparing 
oxp rienooo and increaoin., tho awaranolO of lndian indu.try 
managera of tho tochnologl0' availablo in tho United St~toa . 

During an initlal violt to India, an approach of 
lntorllctlv work., hop. \loa defined by tho Cont deration of 
Pongln orln9 Tnduatrloo (CEI ) Old the National Acadomy ot 
Sci nco. (NilS). th~ lndlon and U. S. in.titution. Delocted to 
conduct the program. 

Energy conaorvation 1a cortainly on ot tho moat 
co.t-o toctiv mothode tor roducting norgy demand and 
d pond nco on foreign impor " lIa haa boon ve ry 8ucoooetully 
d men.tratod in tho U.S. and many othor countrio.. Including 

norgy Hiei ncy aa a compon nt ot tho IIERD program was a 
good choico. 

Tho nead tor nergy ttici ncy ha. boon rocognized by the 
Government ot Indio (GOI) \lhich haa oatobl1.h d .ome limit d 
incentivo. to encourage energy fticlency. Some Indian 
induDtrioa have reoogn1: d the conomic IIdvantageD ot energy 
con. rV4 ion and havo tftk n at p. in that diroction. The 
numb r ot componl oo involved in . uch octivitleo 10 Inoroo.ing , 
but ftt a ra14tLv ly olow poco , con.id ~in9 tho obvlou. 
advant49 0 tho can bo derived trom con.orvation. 

80m r04.0n. for thlo olow proqr .. appoa r to bOI lock 
at oworonolD ot th rool oconomic pot ntiol of con. rvotion 
(generally Ahort turm pay-back , relotivo low capitol. ate. 1 by 
many induatriall.t.. complexity of tho bureaucratic proco .. 
requir d to bon fit tram th Inc ntiva. , natura of the 
incentive. (reduction in lectric con.umption could bring a 
u. r !n a 0 1 •• tovoroblo prlc cotagory , thu. cancellin9 tho 
benofit. of con.nrv tion tor examplo" lock at tocuo on 
conaorvot ion wi hin th GOI (it ia only rocontly -- JlInuary 
H IO? -- hot 0 8 cr tory-lov 1 polition for Enargy 
Conoorvation hu b en crootod ) ond lock ot on in!rutructura 
o£ .pocioliz d ~on.ul ing firma ~opoblo of dolivarinq 
co~p l tv (oudit-impl montotion-monog m nt-tinancing ) 
con.orvotJ.on 0 rvicoo. 

Givan 0 va riaey of fad rol, .toto ond locol poJicl. • ond 
inc ne l v " 00 w 11 01 origin 1 finoncing opprooohou , luch a, 
hlrd party financing , 0 n w lorvic indul ry providing 

compl to con.arvo ion ·pockagol · h4l. morg d in tho U.S. in 
th 101 lOy on. D .pit a toloxo ion of tho /\mllrieon 
ar.ti ud o eowftrd conno:vo ion, cona rva ion aotl.vitio l I ill 
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take plac~, moetly through these consulting firms, because 
industrial managers have roalized the benefits which can 
do rive from conserva t ion. This coordinated approach involving 
the private sector appnarB to be what is missing in India for 
con.ervation to expand. 

It is folt that tho objective of the program would have 
be~n botter served, if the subproject had focused on the 
American Ilxporienco in implementing conservation rather than 
on technical aspects which can easily be mastered by the very 
competent Indian engineers and .cientists. 

b. Progress to Dato 

Tablo J. 4 summarizos tho tasks included in the program 
and thoir eurront status. 

Threo out of four workshops have boen completed, the 
fourth i8 schodulod for early 1988 . 

All workshops woro well -~ttonded by a eron-soction of 
Indian and U. S. onginoors , industry managors, manufacturors, 
govornmont and .tato roprosontatives. 

Th (irot workshop doalt with strategios for improving 
tticioncy in thermal onergy use , low grado fuel, wasto heat 

rocovory, cogeneration, monitoring and controls, static power 
drivos and p080iblo strategio.. This moeting seemed to have 
b lin ROlOowhat acadomic and resultod only in an onumoration of 
genariJl otratogioo , 1. o. , relax governmont regulations, 
lnccl\D-aG' awarono •• , etc . 

Th" oocond workshop addroDOod the problems of improving 
tho ottioiorlcy of oloctricul anorgy U80, impact of POWOI' 
distribution on productivi ty , motor officiency, packaged 
cogonoration systom. and lighting woro consider d. Barriers 
to con.orvation snd pOOliblc stratcgioa WCt· .. roviowed. /\ 
lorg numb r of privat compani 0 attended this workshop anll 
contaota b twoen Indian and U.S. manufacturers woro 

Itablish d. Th.l.a is attaotod by follow-up corr spondcnco 
botwoon U.S. and Indian manufacturers . 

Th work'hopo rocoived wido proal oovoraga and wer 
stt ndod by c ntral and atato governmant roproaontativaa. 

Tho visit by Indian rapr.santativos to tho U.S. includod 
aoma aito viaita 10M plGnt , Popco , ato.I, an audit Gominar , 
ravi w of PURP/\ and n vidt to tho Enargy MDn49 mont 
Toohnology Exhibit in /\ clanta. 

Th roparto provido . hort ~ ulftmDri 0 of pr 0 ntation. Dnd 
diuoullionl -- whioh 10 probably oufficiant , GO lltUo now 
ground Wal brokon. Th roportu 0100 contain unnaa alory 
motorial loamplo, "Tho Un!v rllty IOoorgotown U.I hoa a 
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Table 3.4 - Energy Efficl.ency Subproject 
- Tasks and Status 

Tasks 

Organization meeting 

Workshop on Termal Energy Efficiency 
(January 86 - New Delhi) 

Workshop on Electrical Energy Use 
(May 86 - Bombay, Bangalore) 

Energy Mission to USA 
(October 86 - Washington, DC, 
Atlanta, GAl 

Workshop on Energy Management Sys tems 

Report s 

Status 

completed 

completed 

completed 

completed 

Planned; early 
1988 

completed (for 
completed 
tasks) • 
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sprinkling of ivy-covered halls and is steeped in tradition 
that doted back to a time when cows grazed whe re the U.S. 
capitftl now stands.). 

TaSKS and reportlJ were delivered but the proj tl ct as a 
whole gives an impression of being superficial. 

c. Attainment of Objectives 

The defined objectives cf the project were achieved. 
However, as discussed in Section 3.3.a. the overall objective 
of making India benefit from the U.S.'s experience in 
implementing energy conservation has been missed. Promoting 
U.S./India technology transfers in energy conservation systems 
should occur after channels for implementation have been 
established, i.e. after a conservation market exists. 

d. Barriers and Constraints 

None 

e . Procurement Efforts 

None 

f. Management Effectlveness 

De spite the fact that energy consorvation is not part of 
its mandate, ONES kopt informod and attended the workinq 
oe •• ion. . USAIO's support wa8 recognized. 

g. Effentiveness of U.S. Technology Tran8fer 

Ao mentioned above many contacts between Indian and U.ij. 
manufacturer. wore oot~bl1ohod. Ponsiblo U.S. to India, and 
India to U.S. transfer of .pocific technologioa w ro explorod. 
Th ae contact. , particularly rogarding U.S. to India 
trano foro, will moot pr~bably not b maintainod if th baoic 
io.uo of dovioinq practical ways o f larq leal imp 10m ntat ion 
of conoorvation in India io not l olved. 

h. Relovanco of Tochnology Select d 

Thin a s poot han b on addr OA d in Soction 3.3 .0. 

i. Rol vanc of Collaborativ Effort and Study Tour. 

All activit! A w rc wOll orqanh d and plann d 4ft i. 
illuotrot d by th anlworn to th valuAtion forml circulatod 
by NAS. 'rh formA alao inc Iud ci OU9900tiOn. , by Indian 
participant., for topic. to b diacu .. d, Activit!. to bo 
undorUk n, C. 



Table 3.5 - Field Test of Polymer 
Film Solar Collectors Subproject 

- Scope of Work and Status 

Itoms 

Visit of STEC scientists to U.S. 

Visit of BNL scientists to India 

Procure/deliver/install 

• • 
Collectors 
Diaqnostic equipment 

Tost Collectors 

Evaluation of data 

final roport 

Workshop/ldentify Applications 

Commercialization study 

Status 

completed 

completed 

completed 
completed 

completed 

completed 

Partially 
completed 

Not completed 

completed 

50.1 
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j. Economic Viability o~the Technology 

1Is was demonstrated by nUI1\OrOU D oxampleD , energy 
conservation is probably tho mODt cost-offective method of 
reduoing dependence on fossil fuels . Pay-back period. of t wo 
yeArs or 10S8 Are not unusual. 

k. Institution Building Efforts 

CEI is a private organiz'l, tion represonting about 2 , 000 
engineering industries. Its lunctions include promotion ot 
it. mombers' activities .. ropresentation, lobbying, otc . In 
the absonce of a c loarly identHiable 90vernment body 
res ponsibl e for conservation, tho seloction of CEI was 
reason/.ble: CEI hoa good relations with 90vornmont agencioe , 
cont~ct s with similar i ndustrio l groupe ond 18 i nteroeted i n 
conservation for its mombor industrio.. Although nlltionally 
ropresuntod th rough its rogional otfices , CEl only repr aents 
a narrow segment of the industry and it is not cl ar if , in 
the long run, it 10 t h bout vahicl for promoting 
cons rVlItion. 

Currently, fow institutions ore ngagod in coneervotion 
activitios, tho Na tional Productivity Council and the 
P troleum Conso rvation Research A .. ociation provid audi t 
se rvicos, but no follow-up Dorvic a and 0 few engino ring 
fi rma provide conservation engineering sorvice.. 

Could on option bo to induce on institu auoh aa TERI to 
create a Tata Inetitute tor En rgy Eftioi ncy? Such on 
ind p nd nt ina itucion could r pr aen ho 
indu4t rial/commercial eector e in 9 n ral and through hoir 
acco.. to govornment policy-makerl promot conlorvotion 
tf ctivoly . 

1. Utility and Importanco of Ettor - n comm ndationl 

Th project WAI ulotul in that it brou9ht coni rvatlon to 
the attontion ot industrialilts , manufacturora and govornmont 
r pr a ntat l v a . lIow ver, as IUt"d abov , it did not addr .. 
th rea l probl m. 

A d monltration of A conaorvation pr09rAm in 0 chol n 
indultry , id nti tylng tho probloma and con. raintl inhoront to 
tho Indian coneoxt And xplorlng r Allutio pproAohaa , Ihould 
b initlot d . Thl. il di.culaod 1n Chaptac 5 . 

l .4 Informat ion !xchang 

Th h lac ion d acribn8 h Itatu. 01 a 
lubproj ct. lncludod 1n ho lntormation EMOhAnV 
t ho AERD proj ct . 

var ioty oC 
Componan ' ot 
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3.4. 1 Plold TQ_t of Polymer film Solar Collector_ 

o . Project Do.celption 

Tho lubproject coil d tor the toatin; of odvoncod not 
pleto _olor colluctor. . developod at Brookhovon Notionol 
LAboratory (ONLI. undor climoti~ conditione provoil!n; in 
Indio . 

Tho DNL do.i9n offoro h double odvonto;o of hi;h 
por ormonco end po ont101 IiqnHi ont roduction in inetolled 
COl (ypicolly . the instoll d COlt ot a coli ctor of 'tandord 
doei;n In th u.s. 11 ebout $30 " r oquoro toot. while tho 
o.tlmated co.t of collecton of improvod dod;n 10 About $5 
por aquAr Cootl. Eefici ncy and project d cooto ot the film 
coli ctoro era lIIoro tilvorobl then thOle of current 
Indl.on-mildo coUucton . Succoutul d volopmon ot thia n w 
t chnoloqy could h rotoro he p 9rOO ly tho Indian lolo r 
Indu.try . 

The tal D w"r conduc d ot ho So14r TheL"lllol Enor9Y 
Con or IIiTECI ooill y 0 Jundohoro . lIoryona. with tho 
colloboro ion ot D:lL. Th proj ct WOl initio od in mid 1983 
ond conc iud d In Docolllb r 1984 . 

Subloqu ntly 
o lpoclel I udy 
colloc OU . 

ho proj e WOI xtondod in 1985 to oupport 
on co ... .moroielhotion at polym r tUm 

b. Proqr II . 0 Dote 

Tobl 3.S ahowo h It 1111 in,lud d In ho ocopo of work 
ond th Ie du,! JO of complotion. 

1100 tlchnlool !lIP eta ot II provrom w ro cOlllplot d . 
ONL colloQ or t a I Indlcoco ho oftloionoy 1a ebout Il\ 
hi'lhor hon chit o( ov rDV call cton at Indion doaivn 
dOlpi 0 tho heroh nvironlllOnt . por Iculerly h evy du.t. which 
I wn !oerod . could hovo roduc d portormono du to radon 
at h (11m lurtoc •• 

Binco h nd of ho pro) ot . ~h coli oton hoyo boon 
k p oxpo.ad to ho onvlron", nt nd or., tOlt d ov ry I1x 
II'On hi tor obou ono w@Ok ooch 1m . So till: . IIttar llbouc wo 
VUrt of 10nOllv! y • inv (rOUI: xporiJian I I. 0 d vradotion 
or obou Z ot th orloJnol por(ormonclI h'" boon notad . 

AI II spi n-ot( or hu lubpro; o . ho STEC ulIH hOI 
do.Jon d II hln tl1~ col1 e or bot d on h DNL concapt uI1n9 
only mo rlol. ~Adft In Indl, Prol1~lnory Olt. indicot t het 
thh d 119n 18 obout' mor fUel n hon tho DIlL colloatol: . 
1I0;or imp roy ~Iln 8 inolud b cor Inluh Ion oe hll book lind 
IidOi ot h colloa or lind II call e COf pili hllYing bo t r 
Oow lind h II rAn. tat ohoroo arilHol. 
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A .ununary report covering bout 2 months 0 teotlng was 
prepar d In h form of pap r p."80n 0<1 ho U. S. -Ind13 
DIMtional Symposium workshop on Solar En rgy Research and 
Applications . Notional Selene rounda ion - ONES , Roorkcc . 
Augu.t 1985. A fins I roport and techno-economic feasibility 
analy.i. ot potential applic~tlon. , callod for In the scopo of 
work , were only partially completed. The tlnal roport is 
tronkly dilappolntlnq . The 80 pag report contain_ 30 page. of 
copies of oquipment manufacturora pamphleta. The training 
rocoived by tho Indian .clentht lover about 3 week., io 
de.cribod In • one pago listing of hi. Activities . About 2S 
pagos deol with Introduction , generalltioa , photo. and data 
print-outs . About 12 ot th remaining pago. ar devoted to a 
luper fic:ia 1 elh:uuion ot applications for solar _ystom 
(Including cooling systoms ' anel to th conclusions. A total 
of about 12 pagos describes tho accomplishments ot 18 months 
ot work: no attempt 10 made at delcrlbing methodologios , 
probl m. , dlfficulti s , elata proc a.ing tochniques or tho 
Improv d capability of STEC a. a ro_aarch laboratory . 

An add ndum to tho final report dovoc d to tho 
conunarcialization of tho DNL coil ctor indicato. that contacts 
hav boon s obliahael onel puraued wi h an Indian company 
Interalt d in th concopt . A detail d tinel r port would hav 
b n vary valuabl a. a tool tor training new parlonnel and a. 
on instrument for eli ' lomination o( th tochnology. 

Tho .pocial conunorcialization Itudy WaS complotad but i. 
rothor vogu and luporficiAl, th bAckground on U.S. lolor 
indu.-ry could haY boon b tt r documantod, th mothod tor 
survoying Indian so14r .yst m. io not doscribed , tho eltimates 
of payback p rieds ar not document d and , finally , no 
cClMlonta ar modo concerning the Indian munuCacturora 
lnt roat d to ~urchaB nnmplo collectoro (would thoy b 
intcroct d in a ~oint vontur , und r what torma , otc. ' . 

Finally , tho workohop plllnned tor D lhi woo not held. 
It could bll argu d that prooonca ion oC a pop r at anothor 
workohop hOG xpoood th t chnology. 1I01l0vor, a op c1o1 
workohop, wi h invito ion to all monufacturor., would hav hod 
a groator impact. 

c. Attoinm nt of Objoctivo. 

'rh ob joctlv. oC tho pro j Ct II to WAll d tin d . Tho 
t chnical upocte 1I0ro achievod and hav con ributed to h 
objectiv • of incrooainq STEC'. onoly io 1 capabllity /lOd ot 
in reducing Indian Dcienti.cD to a n II apprOach 0 .olor 
t Qhnology. 

Th roporting bnd di .. minaclon anpocto did no cooch 
hair cbjoctlvon . 
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d. Barriers and Constraints 

Better compliance with the objectives might have been 
achieved had a subcontractor specializing in market 
development been selected to conduct the commercialization 
study and organize the planned workshop. 

e. Procurement Efforts 

The project called for the delivery of experimentlll BNL 
collectors and of diagnostic equipment for otandardized 
t~sting of collectors. No problems were encount&red in 
providing and dolivering tho equipmont. 

f. Management Effectiveness 

The goal s of tho projeot were achiovod and schedule8 
adhered to. Being a ONES centor, STEC received all necessary 
8upport from ito sponsor . STEC 0100 acknowledged having 
r c iv d good support from USAIO. 

Doth institution., howover, should have modo sure that all 
ta l ks of th projoct hod beon compl ted. 

9. Effectiveness of U.S. TechnolOgY Trans fer 

The private s ctor was not involved in this subproject .s 
the collector tosted wos a prototype dovelopod by a U.S. 
National Laboratory. Contact. and interactions have boen 
maintain d botwo n STEC and BNL. 

Th commurciolizotion r port 
monufaotur r could be intorosted 
v nturo in I ndio. 

indicateD that 
in otabli. hing 

h. Rol vance of th c hnology Sol cted 

a 
o 

U.S. 
jOint 

Th t chnoloqy 101 c d 10 r L vont to the oHorto of 
STEe to dovalop anel promote solar tochnology fCir fndla . Tho 
quoatlon ot tho rolovanc of oolor on r9Y in 90n ral io mor 
di tflcul 0 0 •• II . 

Th oo loct d 
upon, 00 hO G b on 
support . 

chnology 
olr ody 

con be ropl1cot d ond improv d 
.hown by STEC , wi hout UBAIU 

i. Rolovonc Of CoLlaborativo Eftor and Study Toure 

Th subprojoc · ca ll d Cor ftxC honq of Ac ianti.t' botween 
STEC and D~L. Mar vJnic l cook ploc from th U.S . a Indio 

han viea -vorl b COUI , 0 h 1ma , ho 1nd1 n t am 1nclud d 
o v ry Umi d numb r of .ciontiutl. Th. oxchan9111 w ~ 
v ry r~ui lui and aHac iv .. 10 indica ad by 1 tCliln 
Kchan90d b w tn ONI, and Otl~1I I.n mid 1984. 
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j. Economic Vi ability of th~ Technology 

Exporienco in soveral countrice , 1n particular in the 
U. S., has s hown that the economics of solar domestic hot 
water or space heat ing are at best margin~l. For this reason, 
most commer.cialization programs needed government subsidies 
and incentives to penetrate the marke t. SimilArly, At 
present , the Government of India trie. to encourage the 
in sta llation of solar dome.t ic hot wat e r system. through 
subs idies ranging f rom 30 to 80\ of the cost , depending on the 
end-uBors. 

Curront price. for . 0lAr family hot ,'ater s ystems sta rt 
_, a bout Rs. 5, 500 (quote by manufacturer - Danfoss (Indial 
Ltd.1 Thls oys t em (1001 input/outp~ t temperatures: 
17/606CI will provide about 50 \ of a tnmily'. need, or the 
equi va l nt of about 890 KWll/year . Financud at 12\ over 5 
yoars , tho syotem will COSt the fnmily about Rs . l,470/year. 
For tho family to break e von in 5 yoars, electricity should 
coat Rs . 1.64/KIW (Rs . 1468/894 KWII) , whic h is we ll above the 
current price of oloctricity to residential cus t omors. 
Through tho thin film technology , STEC projects, that t he cost 
of oimilar family s ystem could bo brought down to about S300 
or uoy R.. 3,800 , and maybo leos . At that price , under tho 
same osoumptions as abova, the 5-ynar broak-ov n cost of 
electricity '~ould be RI . 1.1 3/KWII, much c l oler to the current 
price for electricity. 

Thls "back of t ho nvolop" analy.h doe. point to the 
fact that much coot reduction and/or porformanco improvemonts 
or n d d for tho technolOgy to b oconomically attractive on 
itl own .,orlto . 

Look d upon on 0 moro global W3Y, vory KW of l ectricity 
dilplacod by a aolor ayotom , roduc a tho demand for now 
9 n rating capacity , lin I m nt whic h ahould b takon into 
account . 

TO furthor voluato th villbll1ty of th tochnology, 
roalhtic Ci ld data .hould b co li otod by monitoring thtl 
WatOr and 1 ctricity con.umption. of fa l.l1iol with and 
without .o lor .YltOm. . Such ao ivi io. . hould probably b 
undertok n by an int r Itad manufaoturer 110 port of hi. 
markotlng strllt 9Y , porhop. undar 0 now USAIO InitiAtlv • 

k. Innl u ion Dul.ldinq I!fforta 

Th projoc t hOI lncr 01 d h cApablli y of STfC (or 
purauin9 .olar-r 1 tod roao t e h by providing STEC with 0 lolor 
coIl 0 or oltinq a A ion no vollAbl pr vioualy. "ur hor, 

h proj c ho. in1 iot d ro.ooroh Activiti • in ho fi ld of 
hln-tilm coll Il or oh nol09Y , h r"b~' I bl.1Ih1n9 STBC AD 0 

forward lookinq i n. i u Lon in th ti td . 



56 

Had the dissemination efforts (report /workshop) been 
fully completed. they would have enhanced the status of STEC 
among the Indian solar community. 

1 . ytllity and Importance of Effort - Recon~endations 

The thin film collector has the potential of seriously 
improving the techno-economic pr os pects for solar thermal 
energy generation. The project has brought STEC in 6 position 
to conduct quality research and ha s confirmed the hopes 
placod in the ONL design. 

Attompts s hould be modo to componsato for t he lack o ft 
dissomination efforts during th is program by i ncroasing s uch 
offorts during tho follow-up program. 

3.4. 2 Oov lopma nt of a Notional Planning Modal for 
Non-Convonf ional Enorg~ 

d . Project OOlc"iption and Sal ction Critori~ 

Th obj ct lvo of t he aubproj ct wa" to dav lop on 
analytica l planning mod 1 for non-convontional anorgy in India 
capabl of ass ISing th mutual i nteractions b tw on n rgy 
and conomic varlabl s . Tho modol is meant to nabl e th 
Govornmont of India to plan tor n rgy uso i n d ifferent 
oectors and va lua c tho impact ot var i ous norgy policios . 

lit h 1m t h proj ct woo i nitift tad . n rc;y policy 
ana lyo1o ·.os conducted sporadica lly by various committ 01 and 
th r wftl a n od tor a comproh nliva mod 1 of th Indian 
n rgy s ctor wharaby norgy policias coul d b avaluot d 

within t ho frllm work of tho ov rall conomic dovolopmont ot 
h country . 

Th 
Inati u 
Nationa 1 

proj ct wu conducted by th To a 
(TER Il wi h ha col l aborlltion oC 

L bora ory (ONL) . 

b. Progrol. to Oa 0 

En rqy ROlaorch 
h Drookhov n 

Thft proj c WaD ini lated in 1~ 8l and conolud d tn 1985 . 
Ourin9 thio p dod . TER! d v lopad I • ITIlRll En rgy Economy 
Simulation and Evoluo ion Mod I (TEIIS£ ) baud on tho 
OrCIOkhav n Energy Economy A .. ollmOnt Hodol (DEIlM). TIlIlSE 
Includ a limpHHod muh mil ical xr-ro .. iona for ho ftnorgy 
flow. I n he conomy and 41C:COlln • tor 101101 and convoraion 
and nd-u. t lcl nci I wi hin ho ov rnll rromawork o( tho 
tnpu IOu pu modol Cor h Indian conomy . 

Th mod I 101110 • abl1.h d tor h bOla YI! r 1"8-1919. 
Curr n ly . 'I'IlRl . und r h au.plc I of he Adv1l0ry Boord on 
En rqy (Anll) . La updo ing 'h modol a h 1 98~-8S porlod and 
In roducln!} Aom toHn m n I Aueh All dl1099r 941 lon of 10rno 
.aotorl in .ub-clal.. . divi.lon oC nd-uoor. by Inc:om 
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categories, etc. Examination or preliminary runs of this 
updated verBion shows that the impact of some oil policies 
(level of import/export, tull/partial use of domestic 
refineries for example) on the overall economics can bo 
quantified. Under the current agreement between TERI and the 
ABE, results from the ongoing 1984-85 analysis cannot be 
relea sed without the ABE's approval. It io probable that once 
the updated model is operational, ONES could request runs of 
specific cases to evaluate the il.pact of non-conventional 
energy policies. 

TERT aloo supports 
inotitutions in developing 

the efforts ot five 
regional energy models. 

independent 

All tasks included in the program -- data gathering, 
training , modeling, sample cases and final report -- have been 
completed. 

The final report, delivered to ONES but apparent ly not to 
USAIO , describ d tho m~chanio. of tho mod 1 in precise 
mathematical form. It is too rigorous for lay people not 
familiar with the matricinl formulation used. Some 
introductory remarks and goneral commonts about the 
u illzation ot the mod 1 , writt n in practical torms, would 
hov boon uaotul. "pomphl t iasuod by TEEl tills 8omowhat 

hio gap. 

Tho work and tho team reapona1bl convoys an impre .. ion 
oC h19h comp t nco and profo.sionall s m. 

d. Darr! ra and Constraint. 

NO major probl ma 0 m d to havo hindored ho compl tion 
of h .ubproj Ct . olthough som ospocta , r th colloboraLivo 

tfortl did not app or to b compl t ly .otiatactory (uoo 
S C lona 3 .4. 2. 0 and 3 .4. 2. i blow). 

Procuromon 

Tho proj ct call d for h ran. lor of an lUM (. ri a 80 
- 1M bye - hard dlak ) oya am . Som d lay. in procuroment 
OCCUtr d probably due 0 U. S. Dopart.m nt of Commorc 
f09ulotion. ra90rdlnq ha . hlppln9 ot I ctronlc qulpm nt. 
Pur h r , h oqulpm nt did no func lon prop rly wh n 
rocolv d . cr ft in9 d lay. whll • curln9 roplac mont portl. 
Thi. could b du to h rocon in roduc lon of th oqulpmant 
o n h mark • Unlor un Ly , DilL did no Dt h quipm n 
baCor Ihlpmant, nor provid h oppor unl y for h Jndlftn 
ac t n La 0 rllm1l1nrh h r' 1L w1 h h quipm n whllo II 
DNL . 

r. ManAR mant P.f!IIC hon All 

II fdrly d nil d work IllAn wna d volopot.l IIcLy 1n h 
proj c whic h wna ndhoud 0 w1 h minor vn in 10nl. TIln1 
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expressed it s so tis faction for the .upport prov ided by the 
USAID mi.sion during the project . 

g. Effectiveness of U.S. Technology Transfer 

The subproject did not involve the private .~ctor . Only 
BNL and it. a.aociated Intornational Energy Studies group wore 
involved in the collaborative effort. In view of the commonto 
made in Section 3 . 4.2 . 1. , it is improbable that an active 
collaboration will be maintained between BNL nnd TERI. This 
is unfortunate becausc TERI is expanding th.. acope of th 
model be yolh1 DIlL ' . original form and feed-back would have been 
boneCical to BNL or other U.S. re s archo r o . 

h. Relevance of Technology Selected 

Thc s ubpro ject ha . provided a vory u. ~ul tool for norgy 
policy evaluatl.on. Tho TEESE hoo been adoptod by the Advisory 
Doard on Energy lABEl and by tho GO" Authority of India, Ltd., 
aa their model fnr ~conomic onaly,ia . DN~S hoo xprol.ed itft 
intol.don of uoing tho TEESE modol tor it . "aluotion ot non­
conv ntional rosourcea . Although ~he conclu!J.'i; . ~ do rived trom 
moduli aro only 08 good ao t h d.ta aUllmptionl usod 01 
input . , if usod with caution , tho d volopm\3nt oC tho TEESP. 
mod 1 is tlmoly and rei vont for Indio' o nor9Y planning 
ttoru. 

1. of Colloborativ Effort ond Studv Tour. 

Th l ubproj at involved th training ot on Indian 
Ic lantin 0 DNL. Th involv m nt of DNL in thlo ocHvi y woe 
~pp rontly minimal and c rtainly 1 I. han TERI xp ctod. 
Thh could bo du to o v rcommi m nt on th part 0 UNL ' 0 
Principal tnvoatigator IV . HubAyil 0 a vori I' of proj c I . 

j . Eoonomic Viability of th c hnology 

Not AppUc blo. 

k . u ion Building Ettor I 

Th ro 10 no doubt ho h subproj 0 hOi vnhoncQd T8RI · . 
co pobill I' tor valuation or n rgy polioi I ond pr09r.~~ . AA 
lnd lco "d obov , othor lno 1 u 10nl will a lao b n f1 from h 
oOl'obili y. TEnl hOi air ody bull on h ori;in 1 modol and 
ahowl a II in .1 ion. o( purau In; h d v 10pmon 0 t motH 
r tin d mod 10. 

I. 

aIr 
{or 

of etror - Rocomm ndo lonn 

Tho importonco of h lubproj Ot ' . oocompl1.hmon hu 
ody b on I rand , no t o ll ow-up nuppor opp ora n 0 AI ry 
h modo l 0 b un d. 

http:g.ffatvaesofLU.S8
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Enorgy utilization. both conventional and nen-
conventional. doe. raise environmental and social problem.: 
increased ut ilization of low quality coal may result in 
intolorable pollution. increaoed use of tiomaterials for 
ene rgy production could dive rt the resourco from ito 
traditional uoe and creato social/environmental problems. etc. 
It i l l ugges ted that the pOloibility of including environment 
and socia l COlts and benefi to be considored. 

3.4. 3 Low Hoad Ilybrid Micro-Hydel SYltem 

a. Project Descr i ption and Se l ection Critoria 

Thil proj ct was designed to holp develop economically 
viab l o and tochnically foaliblo integrated enorgy syotemo 
using low-h ad hydro lectric turbines a s a primary renewable 

norgy sourco . Th main inputs expected from the AERD program 
i nc ludod tho devolopment of a prot otype microproceuor for 
loctrical lo~j managoment. development of variou l commodity 

producing I ystoml . purchalo and dol ivory of a prototype 
curbino for low hoad applicAtionl and training (the detailed 
.c'pe of work il revi wed bolow - Section 3.4.b). The project 
La conducted by th Alte rnative lIydro Enorgy Con tor (AIlEC) at 
Roark a Univ reiey . Roorkool its U.S. countorpart it Bos ton 
Unl ' r.l y (OU). DOlton. MA. 

A .urv y of India'i hydroolootric potontiol relource8 
DUggolcod chat about 5 . 000 MW o f capacity could be tapped. Of 
hh capacity. about 3 .000 MW AppeArs to bo Availablo at 

low-hOld (lon t han about 3 m drop) altol along irrigation 
canalA . w w- hold . YlcomD cou ld provido electrical powor to 
villAge. locAtod olo ng t ho. Ca nal. for lighting. irrigation. 
"0 or pumping and l ooal indu.trio I but t hoir conomic 
vllbiHty La Hmitod by hi gh Cilpitili. COlts (ott n t~ lcfi that 
ot lar90 hydro . Ylcoma ' lind 0 l ow lood fllcto r (20 to 40 ~ ) du 
to tho low dorund by t ho ond-u . rI . Tho approAch PUrluo(\ by 
ho AilEe:, undor ho .ponlorahlp of ONES , 11 to attempt to 

lowor tho capitAl OOlt t hrough improvod oivil WOrk l doaign. , 
UII of ~It lui ablo turbinal and divoroion of .urpluD pow r, 
" han ovdbblo , 0 IOcondary load. duignod to convort th 
lurp)u. pow~r 0 commodi ia. wh ioh ar nood04 ond con bo lold 
w1 hin ho looal oconomy. 

Tho AIIIIC 18 ourronty di!volopin9 lin irrigAtion conal lito 
" I\"kroi whore. four 100 XII turbinaa wll1 ba t It d in 
paroH i l ona ot t haao wHl bo A U.S. -modo EIIOK curbino 
providod un~or hn AERD projaoc , tho 0 hor. oro on Indian-mlda 
un (D1I1l"', In Au.triAn IVoOl~-A1pino ) un i ond probobly a 
Ow d1.h-mada un! . PO'<or will bo lold 0 h~ grid or 
dil dbu ad to noighbor1ng v1l1 agill. 'I'h U. O. pnrtioipo ion 
In hil proj@CI lIi11 horotoro halp AilEe: 1n ftI IIbllllt1ng a 
valuabll1 da 41 bUi! oom arlng urbin perEormanclI , oporadnq 
.nd mAineonAnol co.t~ and othar 4a 0 n d d 0 perform 
toohno-ooon~10 valu" ion. of fu u a litOI . 
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The other facet of the U.S. contribution involves the 
deve lopment of a micro-controller designed to automatically 
switch surplus power to a variety of "dummy" or secondary 
loads. The secondary loads considered under the project 
include fertilizer synthesis, water distillation, generation 
of hydrogen and oxygen through electrolysis and preparation of 
briquet ted fuel. The choice of these loads is questionable 
I.,ee Section J.4.3.j). 

The U.S. involvement under AERO fitD well with the stated 
goals of AilEe and ONES. 

It should also be noted that an alternative approaoh to 
load management is also considered by AilEe, this would involve 
a low head "ystem providing base load needs, complemented by a 
biomasD gasific.tion unit providing peak dem.nd as needed. 
AilEe h.s developed and is testinq a g.sifior for thiD purpose 
and may in. tall "uch a unit at tho Kakroi aite. 

b. Progress to Date 

Table 3.6 de . cribes the itcme involved in the scope of 
work and indicate their curront status. Tho tabla show. 
clearly that many tasks, or . ubtasko, hava not beon or are 
only parti.lly complated. Wh.t is particularly diotressing i. 
that m.ny of the task. involving technology tran.fer and the 
training of Indian scientist. a .. ociatod with this trans for 
have not beon completed. A number of reOlonl ard ra.ponoible 
for tho laggin7 progress, thoy aro disoua.od in Sootion 
l.4.3.d. bolow. 

Apart from tho dcv lopmont of tho Kakroi oit whioh 
4ppoara to procaad raaoonobly woll , th ramaindor of tho 
proj ct giv a on .mpr 80ion of dis.rr.y and helplolnnoll . 

o. Attainmont of Objaotivel 

Tho obj CtiVOD ot tho project war do fined in rlIther 
IjIftnorol t rmo, ot VOriOUI atogOi ot tho projoct, 10hodul1ng 
chortl OppftAr to hoy b on propel d but th r io no indication 
that tholo Ichodulo. have boon reviowod to account tor doloy. 
and probloma. 

AI indiootad provioully, many at tho It t d objoo ivoa ot 
tho projoct hava not boor. achiavad , lIutLclUlAt ly holO 
involving conltructivo intornction botw on Indian ond U. S. 
GcLanti.ta. 80 tor, tho .ubprojact h.. not can t1bucod 
nigniticontly 0 th ov@tAll objoot[vol oC ha AERD rroj c • 

d. Dardon 

01noo 1 I inc~ption, t ho lubpro]@c hAl baan pld9u@eI by A 
numbor o£ ochnicAl Ane! ndmlnh rA iVA dIlIAy" TAbiD ) . 7 
thowl he! ohronology ot vl!n . ftI hay AP Ar ~o hl v lit. n 
plico linoo ho b 91nlllnv o f hll , u j G ,. elil @I And liven 
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Table 3.7 - Low-Head Hybrid Micro Hydel System 
Subproject. Approximate Sequence of Events 

Oa te (approx.) 

Early 198 2 

Mid 198 2 

Lato 198 2 

Mid 198 3 

Mid 1983 

Mid 198 4 

End 198 4 

Mid 1985 

Mid 1985 

Mid 1985 

~ :0 1985 

LA 1986 

La a 1986 

Lo 0 1986 

End In 
II dy 1987 

early 1901 

Initiation of Low-Hsad project under 
Technologies for the Rural Poor (TRP) 
project. 

Principal Investigo tor le.ves Colorado 
St.te University (CSU) for Bos ton 
University (BU). 

Decision to purch.sc prototype Schneider 
engine . 

Control lor sont to Indi. - sent back to BU 
tor modifications. 

Schneider eng i ne prototype tested in 
CoU fo rni a . 

Controllor 10nt to India - sont back fo r 
modifications/rodosign. 

End of AERO project. 

Extonsion of AERO subpro jont to and 1986. 

AbDndon Schnoidor angina duo to 
un lntiof ctory performanco (tosto by 
Korenn liconleo ) . 

Sta r t civ i l work at Kakroi oito . 

So l ction and ord r of EI.OX turbino. 

Controllor roody for nhipm nt. 

rrotocol of tit' oC con roll r roqu .tod 
by AllEC from DU - no r .pon.o ftI y t . 

Inltnllntion opacifiCAtion for EI. x 
turbino .raq~OIt~(J by I\II~C from DU - no 
r .pon.o 00 y t . 

End of AERD projoot. 

E •• ox urbino dolly rod in Dombay . 

Kakto.!. lito partiAlly r ady I DIIEL 
lnl o11od. Vonl-Alplnll urhillo par 
1n.tolllld . 

urbina 
lolly 
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description may be approximate but they are probably close 
enough to reality to identify the major roadhlocks which 
prevented the subproject from reaching it. objectives. Four 
major roadblocks can be identified: 

• Transfer of the Principal Investigator from 
Colorado State University (CSUI to Boston 
University (BUI. Negotiations of an agreement 
with au under AERO and the w.ove of the 
principal investigator from CSU to BU certainly 
resulted in a les8 than fully productive 
period. In retrospect, it might have been 
proforable to keep the project at CSU and 
a88ign a new principal investigator, parti­
cularly in view of the fact that at the time of 
the transfer BU was not (and probably is no t as 
nowl fully equipped to test the con~roller. 

• selection of the prototype Schneider turbine . 
This syotem was selected on the basis of its 
high claimed efficiency. Testo conducted in 
California indicated that the syntem was not 00 
efficient as claimed and that the dosign had 
flaws. Further toting by the Korean licensee/ 
manufacturer confirmed thia and the system woo 
rightly abandoned in favor of a more conven­
tional , moro relioble , dosign (E .. ex turbine I . 
This situation resultod in 0 doloy of ot loaet 
two y aro in the procurement of a turbine for 
the Kokroi site. It is not cleor how the 
Schneid r turbine Wa D oeleoted orlginally , but 
ito unusally hi!/h olaimed tficiency combin d 
whh len than convlncinq porformanc in 
Cali fornia should hove roioed quos tiona 00 
arly on mid 1983. A amo11 pan 1 of oxportl 

could have bo n co11od in at th timo, which 
probably would havQ advised caution and 
001 ction of a moro roliablo turbine . 
Enthu.1oam for an apparontly rovolutionory 
daal.9n III y hav ov rUk n calltion 1n thb CDiO . 

• Dovolopmont of tho controll r. Th1. olomont of 
th . ubpro j.,ct hu boon .orioualy 14991n9 
throu9hour tho proj ot. Th rODion. for thb 
oro not c .10ar but cou ld b that too many 
IOphiatiCAtod !unotion. woro 1noludod and that 
tha 90011 mAY havo b n lomowha unrooliatlc 
for II t1nt A tompt 0 II proto ypo c:ontrollor. 
On lovotol oooal10nl , ha prototyp WOD tOltod 
lind rojaocad for look of 10 ilClotory 
poctormllnoo. 1\ ollntul rovi w o£ ho 900h 
~ould hAVO boon donn 0 thou HmO!! and 1 1/1 
oOmplllX ollj@o J.VOl daCinCld, whioh, whl.lCl nor 
~lIall •• ftrl1y provLd1nq ft fully dnv@lop d 



prototype, miqht 
concept" of the 
management. 

have p,rovided a ·proof of 
approach of automatic load 

• Interaction and management. In contrast to 
some other projects (qasifier projects for 
example Section 3.2) for which clearly 
defined objectives and timetables were 
established early in the p=ojoct and durinq 
which periodi c reviews of achievements and 
revision of the plans took place throuqh joint 
meetinqs of the U.S. and t06ms involved, this 
project appears to havo lacked this kind of 
constructiva interaction and manaqement. 
Severnl situations (roferrod to above) occured 
whun tho opportunity and the need, for this 
kind of inte action oxistod, but unfortunate ly 
nobody a.sumed the leadership requirod. Thin 
could be due to a lack of dotinition of the 
respecti vo roles 0 f the partios involved . In 
recent month. from about Octobor 1, 1986 on, 
remindo rs t hat tho project woo duo ",0 ond by 
Oecombor 31, 1986 and that proqre.s roports 
were due, woro sent to BU by USAIO and AIIEC. 
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Indopendently of tho work pursued under AERO, tho 
devl'lopmont ot tho Kakroi site, which is necessary for tho 
tostinq of turbinos, is a complex nt rpri"o involvinq A~EC at 
Roorkoe (4 hours by car from the oito ) , Stdte nq'tncios 
ronponsible tor wat rways and powor qoneration and the 
on9 ineor in9 firm dOin9 tho work. All partiol involved havo 
done a vory credibl job but th administrative probloms 

ncountored should bo documont d so 00 to b~ ablo to 
Dtr amlin op rationo whon furth r proj cte oro undertaken. 

Procurom n Effort. 

The lubproj ct called for th trnn.f r of lnboratory and 
ti ld quipm nt (turbine) . Moat of th equipMnt h I boon 
. hipped and recoived . Som pot ntial prohl ma could havo 
occur c\ at customl bOCUU DO tho dOlcription of th quipm nt 
,hipped did not roach Al' tC on timo. 

f. Manag m n Effcotiven 8' 
Tho probl m of manD9amon nnd in araction at the lov 1 of 

tho Indian and U.S. countorpnrtl havo b n clOIcdbacl 1n 
Sootion 3 .4.3.d. abovo , thay oon bo aummorind na a lock of 
Lnithl plnnnLn9 ( uka/lohedul. ), lnok ot periodio raviawa 
and overall lAOk Gf OlOArly ddinocl lGAdorthip . 

TilL. lanclonhJ.p could hnv b n lIuumod by DilES nnd/or 
U8AIO. Untortunotoly , until vory rocon ly, noJ. h r 
or911nian 10n hno takan nllollullrY I PI 0 un Inqlo whnt 0 n 
only bo chnrootorilod ,. /I mo ••• 
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g. Effectiveness of U.S. Technology TranGfer 

II U.S.-made turbine was transfered for comparativo 
testing with Indian and other foroign ullits. So far , no 
direct contact betweon AHEC and the U.S. mallufacturer appear 
to have token place . Dospite requests from AHEC, installation 
specifications and drawing. have not becn sent , wh ich has 
prevented AHEC from preparing the site fo r turbine 
installation . A ·,hit by a U.S. tochnician is rtMnod for the 
installation and commissioning of the turbine which will 
establish a direc t link between the U.S. manufacturer and 
AllEC. Onco the .yotem i. operational, the Indian team is 
quite qualified to oporate the ny.tom. 

Deponding on t he outcome of tho comparative tost., 
further contactl betwe n the U.S. and Indian manufacturers may 
be pursued. 

i . Relevance of Collaborative Effort and Study Tour. 

A civil ngineer r coived training at CSU. This Itay wal 
very succossful and has resultod in tho incorporation of 
improvod designs for tho civil worlll of projoo:ta carriod by 
AHEC. There oro indication a that this conuct will bo 
maintained and relult in fruitful oxchang s of information . 

AI indicated above, littl 1ntoraction appeltrs to havo 
tAko n placo botweon AHEC and IlU during tho do sign and 
dov lopmont of the proto typo controll r. Equipmont Wa & & nt 
to AHEC. but without tho noceooary training. it. usofuln II 11 
limitod. A otudy tour by prof Slor D. Du . which wa . to 
includo controllor dOlign activiti I at BU. provod 
diuppointing bocauoo au' 8 ldbOratory wa G not op rationol at: 
th timo. 

j . P.cunomic viability of tho Tochnology 

Two major application. 4pp or f alibl for tho 
t ehnology. low-land gonoration olong canol. which mol' bo 
within a roftlonabl dbtanco of tho grid and gonor. ion of 
pow r for i.olot d villago, (moltly ln hill.,. 

In tho firlt aOlo. occo •• to th grid . tho low- hood unit 
cauld pl:ovido fr a 01: low co.t loa rieity to a qcoup of 
villaga. ond I 11 th r moindor to ho 10001 powor AU "hority 
o 0 prodotorminod prla. Thi. opcion io bin; conai dor d for 

ho Kokroi proj at whoro tho Stoto Powor Agonal' hoa oHorod to 
purChAlO powor 0 RI. 0.8 /KIII!. It hOI boon orguod thAt 11 
90noro in~ aopoaity oE 0 Eow hundrod KII mor no b of in or It 
to utili 101, howovor. H d IOriU ot ow-hood plan to tirO 
ina 011 d 01an9 0 aan 1 ' ovory 10 to 15 Kill tor oMompll1l . tho 
o .1 copooi y mny rooah Ilvarl) Mil. 0 1 v 1 of o.poolty whiah 

mAY 0' 1n oro, to h~ 100Al Qrld. 
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It is obviously to:> oarly to mako completely roalistic 
projection. of the oconomics of the aystoml indoed , one of the 
main objectives of the Kakroi and other project sites is to 
generate tho data base needod for such analysis. 1I0wever, 
preliminary analyois Isoe Appondix CI suggos ts that, on the 
basis of prices quoted for Kakroi, the return on tho investment 
cou ld be attractivo for an in'/uator lsituation comparable to 
that proj ctod for wind mill farms in Gujaratl. 

The caa ot vill~ge, in hill. is 1088 clear. 
Conceptually, producing commodities saleablo on the local 
markot J.a a good idea . 1I0wov r. tho markot for 80mo of the 
commoditJ. 8 hydrogen/oxyge n, dJ.etlll d watorl i8 limited in 
ilolated r "01 aroas . Furthor, if 8ufficiont bioma88 is 
3vaUoblo to manufacturo briquottos , why not U8e a g08ifior 
which pric" p r KII lllatallod J.e lowor than that of t urbine o. 
Simllarly , the COlt of fortllizor producod from olectricity 
wUl be vory high 128 gr production/J KWIII and roquires a 
.Ollrc or phoephot in tho :>roximity ot th dto. Some moro 
badc "dummy " 10 dl moro appropriato to the villago 

nvironm n may havo to b considor d Iwator pumping storago , 
hot wat r, drl r. , storago ot tood , tc. l. Tho noods moy not 
be luffici nt to ab,orb tho full xtra capacity. Tho 
c~nomic. aro compl x nd unclear and may in fact suggest that 

th cone p ot maximum load uti] j zotion may not bo practical 
In h context con.iderod . 

k . 

Th d ILv ry and plonn d installation and oporotion of 
th euex turbin will contributo to Ailee' , goal of devolopinq 
a doto boa of urbin p [formonc and conomicl which will 
holp 1n tutur dov lopm n of th low-hood hydro ro.ourc in 

ho coun ry. 

Tho oth r hc of h 
dovolopmon , wh1ch .ho~ld havo 
copabil1 y tor h dov lopm nt of 
hal no boon ochi v d. 

L 

progrom, i.o. controllar 
r lult d 1n altobliahinq a 
01 ctronic micro-con rollorl 

-
n vi w 

ncolluoln9 
cor. Alnly rol 

of ho 1~r9a r 10urc 
prallm!lIlCy ocorOllll!: • • 
van • 

ftvallabl and of 
hi. .ubprojoct 

th 
10 

Ohould ho UOAID !nvolv II n atop a hia .tA~ , an 
impocton 01 ~n ~t tho oubpcojoo Col@c ronia con rol l would 
Do minln9 ' A If trom arall In9 A to lln9 of Crul n 10n 
on eh par 0 hI! IndiAn Icion 11 • involv eI, 1 would 11110 
dolAyho oil Ablhhlll!tnc oC lin ll'lpor lin componDn ot AilEe 
r ao roh clpAblll y, 
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followed. A carefully designed ova luation plan ohould be 
l aid-out bofore initiation ot tho project to onsuro that tho 
maximum possible information is gathered . 

d . Barr io r s and Constraints 

Tho project was propooed and approved. in principl e . i n 
1985. Since than severa l difficultios concerni ng tho 
selection and procuremont of tho equi~cnt were ncoun to red . 

• 

• nd of 1985. 

• arly 1986 . 

• Hoy 1986. 

• cnd 1986. 

• orly 1987. 

originally . GBDA propoDod to procu ro 
t h aquipment . 

GEDA ougg~Dted USAID procure t ho 
equipment . 

_pacification. were propar d by a 
U. S. contractor (TVAI 

dcciaion i8 ak n to ~oarch 
negotiated bide for R'D equipment 

GBDA propalel to do the procurement 
exp cting to n gotiat a lowor price 

authorization to procoed i& oxpected 
.hort ly ttom th Indian Dopartmont .) f 
Bconomic Affoir8. 

Ini lG ion or th projact hoo b n d loyed for a numb r 
ot rOOlonl. 

Th attemp at .01 eting a U.S. monufaoturer willing to 
provid oquipm nc r .panding 0 h .pacificAtion. prov d 
frultl," hiD atop could havo boon Avoided by involving 
knowl dgGobl U. S. conlulunt 1n h in1ti41 dloou .. ion. who 
could hoy confirQGd that no U.S . manufacturor 1. propar d 0 
delivor fully ccmmaroial aqulpment in tho hundred KW capacity 
nn90. Tho rETe am ro.pano1blo for ho 9uiti r projectl 
und r AeRO Includ d .uch lpocioli.. . Swi ching back ond 
for h ha roapondbility for procur m n b tW on GEDA !lnd 
USAID olio prov d 1m con.umlng . 

Finally , a. 011 oth r pro; c t , hi~ proj~ct requital ho 
Authorizo ion ot h Indian DapAr~an oC Economic ArtAl:. to 
proc ad . To r qu. thi. ou hodzlI ion , § budget mutt bl 
.ubmi tad which faquh:ao 0 IIr Ullinory (unottiliol ) round of 
bLd. , which IIUI bo followod by a flnol round oC bid. ona thl 
projooc il AU horilod. Tholo proooduro, illpolad by tho Indlon 
90vClrMIIJn CAn probAbly no bll dmplLtilld, but ._ I rooll­
lining ot h prollminory .top. Ihould be conlidoeod . 
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e . Procurement Efforts 

Described in Section 3 .4 .4 . d. above . 

f . Management Effectivaness 

The proposal calls for the creation of a 
committee including representatives and expert. 
partle. involved , i . e . ONES , USAID, GDDC and 
8upervise and review th progress. 

monitoring 
from the 

GROf' ED to 

Clearcut objective8 and sohedul 8 a8 well a8 
responsibilitie8 wIll have to be establi"hed for the committee 
to be effective. 

g . Effectiveness of U. S. T chnology Tranofer 

The gosHi r unit will bo provided 
manutacturer. Apart trom the installation and 
ot th unit, the propoul doe. not indics~e that 
wi th the u. s . manutactur r will be maintained 
3.4.1. blow). 

h. of Technology S locted 

by a U.S. 
commissioning 
turther Hnks 
(s Section 

A. indica od orHer , th technology ppoan prom1l1ng 
tor th context in which it 11 to. cod . Lf th d mon.tntion 
i. conclusivo , it will facilitat comm rClolization. 

i. Rol vane ot Collaborativo Et ort 

Tho foot that th U. S. manu footur r Cftn only prov id ft 
R'D or procolMlorclol guif! r unit au;;.. that th 
manu tao ur r could b n tit from tho dft 4 ; n rfttod during th 
domon. ro ion. Tho propo.al do. no III ntion thi. 
oollftbora iva 41pOC . I h .u09 Itcd hat th manutactur r 
bo involved in h dollgn of th t. ing and do II 9a h rin9 
procoduro. and tho a m choll L.m b •• blhh d wh roby h 
manutoccuror will b kept Informod or h proQU., oC ho 
d mon.tra Lon . 

j . Economio Vioblli y 

foo ho II gOlH1 r .hould provido unintorrup ad 
o h" wo indue r1 • mllY b nough ot ftn conOlllic 

to jUI Hy hll kind of cop Lv powor pinn, Tho 
ot h tu 1 lind high ula; faccor 41.0 AUOO.t hn 
could compocl Lv wi II orLd powor. 

k. In. I.SlIslon Ou{llllnq IlHor II 

A IUClClullCul dllmon. rfti:ion will ro intorCl@ DIIIlS And OCDA'II 
ClApAbll1 Y tor lmplll n A i"9 indull rlAl OA.ltl r AppliClA· 

lonll, 
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It is rocomm"nd"d thot tho proj ct b" pursued, with th 
provioo that cloar ly d tined plan of action and data gathering 
procoduros bo ootobUshed and that tho U. S. manufocturor b 
involv d in tho domonstration. 

3.4.5 Thin Film Colloctor Technology 

A. Project Doacription and 8 1 ction erit £!! 

Tho tirat proj ct dooling with oolar nergy -- Pi ld TOlt 
of Polymor Thin Film Collocton , S ction 3.4.1 -- indica ad 
that tho advancod dooign for flat plato solar colloetor. 
propoo d by DNL hod donnit Ly bottor COI~ lind p t!ormollco 
ohoroet riatico hot the ov roqo coil etoro ourr ntly producod 
in Indio . Tho d velopment and , ultimatoly , commoroia lizotion 
at ho tochnology could hovo vory fftvorobl impact on 
Indio ' . lo lar therm I en rgy indultry . 

Th pr .on proj ct i. a tallow-up or h original 
proj c . Ita obj ctivoa oro to odVAnc ho oohnology ond 
opplicn ion. of hin film coli c or. by .tobli.hin; h 
copobili y of hin tUm ma riala "ing And ot hot \lotor 
aye om d Digning ond by promo lng ho tochnology through 
work.hop. ond information xohong 

b. Progro,. 0 D~ to 

Tobl 3.8 lio. h o.k. inolud d in h .copo or work 
ond indiCA h it dogt 0 or camplo ion. 

Th doull d work pion hu bo n compl0 d. Although 1 
do • no ld n iCy ill' trAm.. for compl on oE ho vuioull 
uk. , it on o .. um 0 ho C d prcpond xehang a ot 

~ei n I, • indiCA od on hn ochndule corr .pond ApproximA tely 
o raining 4nd .0 -up ftC Lvi 10' , h plan ahould p~mi 

compl Ion or h program it .ch dul~. 4r odhgrod to. 
Al hough U8AID hod indo d on quar rly proge .. ropor • in 
1. Rovia d 8 I II' n ot W~rk (JAnUAry 861, no man ion 10 ~AdD 
o( h 10 in ho Work Pilin Jlubllli od And h fl u qUAt lI.rly 
r por du hAl no b on lubIIIL d 0 U8AID. 

Tho proj C WAD In1 io od in AU9uI I'" Ind 1. duo 0 bo 
cOl'lplo od /I ho Clnd 0 flap oll'b r 1987, Wo k it On901n'l on 
III uk., ho I II UIJ roporod In TAbl 1.7 110 bUCld on 
rocord. of corrupondoncCl bl!w on 01'" lind ;'IIAID And on 
cony riA 10na wI h DHGS-G C. 

J tim. 0 , d, And ~ OAnno bD IIVlIlul d A prDllln. 

(. H DA!I~" n JJ.tllc~lvlln!!§II 

01/1111 lind Ollt, hrou9h nu UOUI olllll~ r@qulIlI II , hllv!! 
IIxpr@.lgd oonoorn IlboU hll dlllllV In hI ApprovlIl 9roo@ •• tor 

h ourron projoo (Pho!la Ill, Thh dd y Willi LVII lid by 
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Tablo 3.8 Thin Film Tochnology Subprojoct 
Scope and Curront Status 

Taoka Stotuo 

I. Dotd l d Progrom Pion 

2 . &xp rimontol Toot Facility 
- S t up 

Tr41ning 
To aU 

3 . Do8ign ot 1I0t Wat r By.coma 
- lIardwAr /Soltw"r 
- Training 

Doaign S udl • 

4. Work.hop/lnform" Ion Exoh ngo 

5. £qulpm n Proour m n 

Complotod 

Early 1987 
PLAnned 
Not compl tod 

Early 1~87 
PtAnn d 
Not complot cI 

Not compl t d 

PAr lolly 
compl tod 
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USIIID'. inai atonce on focueeln9 the pyo<jum 011 ob jeetives 
compatibl with BNL' s Qxpertis and compatible with DNES/SEC ' s 
90ah ot promotin9 solar th r mo l onor9Y . In tho 10n9 run , 
tho so dolo'Y~ moy bo bon tical bocauso thoro I. a bott r chanco 
to roach tho objec tives of a well-do fi ned proqram than thos 
ot Q broad, all-oncompa.si nQ projoc . 

I t ms 9, h . ! and i cannot b oVAluot d At pro.on . 

k. 

I f succ:o .. Cully complo d . ho proj c will lor901y 
Incrouo SEC ' S copobiLl y '0 conduct qUAlity r a arch . Th 

i • wi~h BNL will olao bo onhancod . 

Th tul) b n ti ot ho pr09rom . 1. . 0 • abli.h sec as 
a I ad rand Innov tor in .olor tcchnolo"f men" Indi ' s .olar 
communi y , will only bo achl v d ( h tntol'lMtion 
01 •• min3tlon (I ncluding work.hop.) ask la m hoal: d . Thla 
10 0 .. nt I 01 b causa .uch on oppor un I y woe roi .. d In tho 

Ira proqram. 

I. U III X on~mpor anc o( & tor - R commendation. 

re succaa.!u) . h proqra. w 11 provld do 
nob I ONES nd a pan 1 of x r. 0 valUOt 

of hln (11m coli c or. In Indio . 

A which should 
II po on litl 
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4.0 OVERALL PROJECT ACCOMPLISHMENTS 

This chapter attempts to provide an overview of the AERO 
project and its subprojects. The first section deals with 
biomass, energy efficiency and information exchange 
subprojects, the second with coal related subprojects. 

4.1 Biomass Production Biomass Conversion Ener 
an In ormat on Exc ange SU proJects 

Efficienc 

This subsection attempts to rank the subprojects on the 
basis of fourteen categories: to the twelve categories 
suggested to the evaluation team, a documentationl 
dissemination and environmental. categories were added. The 
purpose is not to .lake comparisons between projects. This 
could be unfair to some projects because of extraneous 
circumstances, but, rather, to provide an overall profile of 
performance of the projects as a whole. It is hoped that this 
review will provide constructive suggestions for improving the 
efficiency of future projects. 

A ranking system from 0 to 5 is used: 

o Not done 
1 Poor 
2 Not Satisfactory 
J Fair/Satisfactory 
4 Good 
5 Very Good 

NA: Not Applicable (project not started or partially 
completed) 

A low ranking indicates problems in the ca togory cons ide rod I 
for instance, a low ranking undor "Barriers" or "Procurement" 
indicates that problems hindered the development of the 
project or prevented satisfactory procurement. 

Table 4.1 presents the summary evaluation of the 
individual project •. 

The foll.wing general comments clIn be madel 

Project Selection : Most projects were well oelected 
prospecto for the technologios, potential impact, Indilln 
capabilities. Two excoptionsl onorgy officiency which does 
not addross the roal problem and hydro load managoment which 
appoars too optimistic and not quite r~aliotic. Dottor 
dofinition of tho projects ohould havo taken place during the 
initiation phaoe o f tho projocts . A third projoct, bioma88 
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production, is also ranked somewhat low; thi. reflects the 
concern by the team that, under its current definition, the 
project may not achieve its original goal of providing the 
near-term research support needed to develop and implement 
short rotation forestry projects. 

- Progress: Most projects have attained the i r stated technical 
objectives, with the exception of the hydrc load management 
project which is seriously lagging, the 100 KW gasifier which 
is not approved as yet and the biomass production project 
which has just been initiated. The reasons for this are 
considered under other headings . 

- Attainment of Objectives : Most projects have attained the 
overall objectives of advancing India'. capability of 
increasing the use of non-conventJ.onal energy to displace 
petroleum derived fuel. (rbnking between parenthesis refer to 
unfinished projects which , if successful, could attain these 
objectiv~s). Energy efficiency hydro load management and 
biomass production in its present form are exceptions. 

Barriers and Constraints: Several projects faced serious 
problems whIch hIndered their progress . The low hend hydro 
projects and the 100 KW gasifier projects suffered from a 
variety of administrative and organizational problems, many of 
which could have been avoided through effective management, 
better background information and a well defined chain of 
responsibilities. The marketing aspecte of the thin film 
collector project could have been better served had a 
s ubcon tractor specializing in market analysis bee n selected. 

- Procurement Efforts: All projects have had to deal with the 
complex and frustrating formalitieo of Indian customs. 
Al though the equipment imported, being for research purposes, 
oheuld not be subjected to the standard inquiries of whethe r 
it can be secured in India or no t , many delayo have resulted 
from the administrative roadblocks that have to be overcome to 
import research equipme nt in the country. 

Most projects encountered procurement problems, poor 
documontotion of s hipmont. , poor documontation of equipmont 
characteriltico , ,nisBing or broken parto, laok of testing of 
equipment prior to ohipment, and others. Some ot these have 
compounded the goneral problom of customs clearance alluded to 
above. 

In levoral CGlGO, it turned out that , Arter dolivery of 
the reo orch equipmo nt, t he roquirod calibration goo08 woro 
not avoilftblo 1n Indio. II sorious ovoroight , which rooulted 
in tho uid quipmont being idlo tor much of tho projoct 
period . The probl m woo turther amplified whon it turned out 
t hat the U.S. carrior lftnding in Indi" rofuo ~ to accept 
ccmpre.Ded qoD bottleo a. troight / a forei~n c~trior had to be 
idontifi d and th nocoo.ary waivers obtained betore the 
calibration 900 0 could b .hippod from tho United StateD. 
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It must be recognized that the U. S. procurement sub­
contractors often have the difficult task of purchasing and 
shipping specialized equipment on short notice. However, some 
of the above mentioned problems could have been avoided had 
some firm purchasing contracts specifying the subcontractor I s 
responsibility -- tinlely documentation, follow-up requests, 
checking/testing before shipment, interface with supplier, 
etc. -- had been established . 

- Management Effectiveness: Some projects received appropriate 
support (1.1 to 1.3, 2.1 and to a certain extend 3.2). Once 
these projects were initiated, the U.S. and/or Indian teams 
involved appear to have "carr.ied the ball" insuring that 
objectives, schedules and budget were respected. In those 
instances the role of ONES/AID was limited to providing the 
financial and general administrative support needed. 

Two projects, thin film collector and energy modelling, 
although successful technically, could have received more 
attention regarding their dissemination. The energy modelling 
project submitted a final report to ONES (apparently not to 
AID) which is too technical for effective dissemination. The 
thin film collector projects did not complete the 
dissemination part of the project: a planned workshop was not 
organized and the reports are of poor quality. USAID made 
attempts to improve the quality of the reports but without 
success . Some means should be found to improve this situation 
-- final payment couid be delayed until all deliverables have 
been received, reviewed and approved by ONES/AID as is 
standard practice with most U.S. government contracts. 

The hydro project (2 subtasks) and the gasifier 
demonstration project give the impression of having been 
initiated and then abandoned to their own fate. Several 
opportunities presented themoelves at which point 
review/reorganization /updated planning of the projects could 
have occurred. Theil. opportunities were not seized. Many of 
the difficulties were of an adminiotrative/organiz .• tion nature 
(structuring of prog .. "m, selection of equipment, procurement, 
etc.), areao in which it is telt ONES/AID should h4ve stepped 
in more forcefully. More pressure should also havo be on 
applied to the U.S. contractor (DU) responaiblc for tho 
hydroprojoct and , retrospoctively, tho decision of 
tranaferring the project from CSU to BU can be questioned. 
Inputa from an independent panel or individual could probably 
have avoided somo delaya. 

Finally, delayo wore oncounterod in initiating the 
follow-up thin film collootor projoct. Thooe d layo r4sultod 
from AID'. desiro to focus the project on well dotinod 
objoctivoo, a good managemont decioion. Somo timo might havo 
boon oavee:! hod AID ototod mora cloorly trom tho otort tho 
framowork within which it would conoic:lor 0 follow-up projoct. 
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U.S. Technoloj1 Transfer: Several projects have resulted 
in el'liCtlve trans er; most of these projects do not involve 
the private sector they are mostly R&D technologies 
developed in universities or laboratories but the links 
established will probably provide feedback to the U.S. 
entities involved. 

Two projects (low-head turbine and gasifer demo) involve 
the U.S. private sector. These are ranked low in the 
evaluation because the plans, as they stand now, indicate 
little involvement of the U. S. companies other than delive~ing 
and commissioning the equipment. An effective feedback 
mechanism to the U. S. private sector should be established. 

Relevance of Technology Sele cted: Most of 
technologIes selected appear to offer good potential 
implementation and for contributing to the goals of the 
project. 

the 
for 

AERO 

The relevance of the load management controller project, 
although conceptually valid, is questionable I the objectives 
appear uomewhat far fetched and unrealistic. As indicated 
before, the energy efficiency project could have addressed 
more relevant aspects of energy conservation. 

Collaborative Efforts and Tours: Very good comments were 
made aboue the collaboration received from the U.S. 
contractors for the small gasifiers, solnr and energy 
efficiency projects. 

The energy modeling effort seems to have s uffered from 
over commitment of the U.S. contractor (DNL already heavily 
committed to the thin film collector project). 

The suppliers 
ohould be brought 
pointed out before. 

of the turbine and gasifier demo unit s 
i nto the collaborative offorts 00 was 

The collaborative oupport received fr~m DU (load 
contreller) has been minimal and raisea again the questions of 
selection of the contractoro and of moni toring of the 
projects. 

Economic Viability, All projecto except load mallagement, 
appear to be reasonably viable economically at pre8ent . Much 
data nuedo to bo collected bllfore more reliable G8soaamont. 
can be modo. 

Inatitution Building Efforta, Several inoHtution. have, 
or will, bonefit from the prnject by having onhanced t h ir 
roooarch capabillty and by aatabllahing thomnolv • a. or dlblo 
reloarch centoro. 
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The energy efficiency project has confirmed CEI' s 
interest in conservation (in general) but it is not clear 
whether CEI is the best vehicle for promoting conservation 
programs (except among its own members). 

Utility and Importance of Effort: Most projects have 
suffered from inappropriate documentation and/or dissemi~ation 
efforts. This reduces the potential benefits of the project, 
particularly regarding the building of institutions. As 
suggested ~bove closer monitoring of this aspect of the 
projects should be provided. 

In an attempt to better monitor projects, AID requestl9:d 
that quarterly progress reports be submitted (thin film 
collector technology). No trace of such report was foundr the 
problem of enforcing the terms of the agreements is raised 
again. 

The gasifier projects, part l.cularly wood 
, issue of overuse of an al.ready scarce 

re source if dis semination is attempted before le l iable sources 
of wood fuel s uch as energy plantations, are established and 
productive. The products of gasification (ash, carbon 
dioxide, water ) have essentially no effect on the environment 
as they are recycled in successive crops of energy 
plantations. 

The other 
implemented, have 

technologies considered, if properly 
little or no impact on the environment. 

Overall, most projects have been reasonably successful. 
The less successful project. point to some problems which 
should bo addrossod (soo Chapter 5). 

4.2 Coal Projects 

4.2.1 Fulfillment of Project Objectives 

Annual workohops, periodic reports and oit vioLto w re 
inotrumental in keoping all projacto moving ~ head and clooo to 
the milopoot schodules estllblishod. Ofriciala from both tho 
United Statoa and India wore oxplicit in their praiao of thia 
program. Tho projects pursued w ro carofully oolocted from 
eovoral posoibiliti 0 to aa . umo both countrioa of mutual 
benofit. 

Saleotion Criteria and Progr II to Oat 

Obj ctivQ8 .tabliah d w ro roach d wit), raU oxcoption 
having to do with import npprovala which takd imo du 0 
ndminiltrativ d laYI . Th U.S. monufautur r. w r prompt in 
making quipmanc ovailabl for ~xport and U.S. xport 
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• approvals were obta,lned quickly. Technology transfer and 
private sector involvement were much in evidence. Personnel 
from each country spent considerable time at facilities of 
interest to them and were able to contribute to each others 
know-how. Study tours were of particular benefit because of 
the variety of facilities made available to the engineers. 
Visits were to government and private f acilities and some 
individuals attended professional meetings. Some of the 
chemists and engineers are members of professional societies 
in the u.S. and some were given the opportunity to attend 
meetings and meet with colleagues. These visits reconfirmed 
old ties and establisherl new ones. A summary of the Coal 
Development Project. is shown in Table 4.2. 

Recommendations 

The USAID/GOI program met most of its goals and some 
se lected part. are poised for continued R , D activity. In 
particular, the large r fluidized-bed combustion unit is r eady 
for operation to prove the experience gained with smaller 
systems in the u.S . a nd in India. The technology seems r eady 
for expansion to larger scale where it will be determined that 
t he e xtrapolated data is a pplicablo or not. Because o f the 
e xperience and background of t he individuals involved, a high 
degree of success is anticipated. 

Accomplishment. of the program are the rODult of 
continuous monitoring and the ability o f the prime con tr~ctor , 
Viking Energy Corporation (VEC) to make appropriate local 
arrangemonto in India. The importanco of tho ability to work 
with local oHicialo cannot be overomph48izod . IIftor c4roful 
roview and analysio it is apparont that parts of t he propolod 
now program , ba lad on past SUCCO IIOS. , io r ady for continuod 
s upport . 

4.2.2 Current Statu. 

Extromo oHorto by tho pononnel at ach location mado 
l'oniblo tho bulk of tho accolHplllhmenta. Long d laya in 
approval of importod quipmont mado compl tion of 10m 
projocts 1mposa1blo or tOltl wor mod In ha lt to domon.trat. 
th cOmmitm nt of thos 1nvolv d to th proj ct. . Extonaion 
on lomo project. ha ft already boon orantocl 10 that work can 
continuo whll th n w funding 11 b 1ng organized. In tho 
calo of DUEL, tho corporation hu continuod tho .upperc. On 
tho day til r vi w t amn vidt d, all projllcto 0 mod to bo 
underway. 

4. 2 . 3 Project Managomon and D0819n 

Tho proDOoftil 01 DOt ou in 1982 wo~o appnron Ly woll 
ecncaivod. Only minor chlln9 0 wuo noodod co fulHll tho 
obloC tv .. rOAch d . UnCortunato1y, in arnal probl I"' , limilar 
to mol Goun rino h. mUI impor muc h ot hoLt 900do , IChc 
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in India too. Some management was exercised locally by ONES 
but acguisition of material and eguipment had to be provicled 
by the contractor (VEC) and by contract monitors ,in the U.S. 
support agency (DOE). Working across several thousand miles 
and with only annual meetings, some delays were unavoidable. 
An exception to this last statement was the consider~ble time 
spent at DUEL-T by a ropresentative from the Oak Ridge 
National Laboratory. 

4.2.4 Technology Readin08s /Applicat lon 

Only one project can bo considored ready for applicatio~. 
Oosign was complotod and ovaluatod tor tho 30 MWo scalo up. 
Thero oro placos whoro this tochnology is applicablo. Concern 
was oxprossod at DIfEL that un loss tho program is continuod, 
the commercial partnur may drop out. On tho other hand 
Bevoral smallor AFDC units '.ro already operating in widely 
dispersod locations in Ind~a and DIfEL seoms committed to 
continue the developmont. 'rho noxt technology will probably 
be the combustion ot coal-wator mixtureo. Burnor dosigns with 
orosion r oistant insorts should be provon out within tho noxt 
two yoars. Significant tosting will be comploted in tho 
burnor toat chambor and in tho At'DC units. Finally, tho high 
prolaure/high tomporature gao cloan up will tollow in about 3 
to 5 yoare . Thoro aro still somo quoationo ot solids 
tt'anaport, otobiHty and vouol dosign that must bo answorod. 

Tho other t hroo projocts aro nowhoro noar application or 
on a scala that h .. no pr,octica l ligniticanco . At loaet two 
ot t horn, coal-wator-mixturos and cold g.. cloan up aro 
ocadomic in naturo. Tho third projoct hO D littlo chanco ot 
SUCC/)88 bocauso oi tho modo of aoh dlltribution in IndiAn 
coal. . Fino grinding dooe not aigniticantly isolat olh trom 
th cool matrix. P trogrophic thin loctions ahould provido 
th onaw r to thi. commont. Somo othor roasonabl approach to 
oah romoval i8 noco8aary , cool pr paration tuchnology Qr acid 
axt action ora probably not t h onaw r. Tho noor at ach rna 
t hat .oams to mako unoo 11 gauHication or combuotion to 
yi Id hot gilD. tor downatroam application dODpito th high 
.,.h burdon. Phn . ora bing conaidotod ror aoh utilhation 
with or without unburn d r aidu . 
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The following present some 
regarding the management of projects 
recommendations concerning individual 

qeneral recommendations 
as well as more specific 
projects. 

5.1.1. General 

As wao pointed out in Chapter 4, Section 4.1, some 
projects have suffered from insufficient management support 
from ONES/AID. Some general suggestions foHe.: 

- Project Desi&n and Initiation: The objectives of the 
projects should 0 clearly defIned on the basis of their 
relevance to the Indian energy situation, economic potential 
and potential for implementation. 

Pro ect 1m l ementation and Monitorin : The first task of 
all pro ects s ou C to est. oh a detailed work plan 
including schedules and deadlines. A good example of this is 
provided by the work plan established for the small gasifier 
projects. Quarterly progress reports arc essential to 
identify problems early. 

I';:ojecta s hould be monitored regularly by ONES and AID. 
It Is recommended thot joint meetings be held regularly 
(quartorlyl to reviow on-going projects. Critical path charts 
should be establishod for oach projoct. Tho objective is to 
mako contractoro accountable and feo l that oomoono is activol 
interestod in thoir progreo8. 

It is felt that somo contractors hovo, willingly or not, 
doolt altornotively with oithor ONES or AID, creating a 
r.onfu8inq oituotion . A cloor chain of communication shou ld bo 
eatobllshod botw on ONES ond AID and controctor.o ohould be 
informed of thia. I~dopond ntly of who tokos th l e ad in tho 
monitoring proc aD (ONES or AIDI, tho othor inotitut.ion should 
roceivQ copio. of all communication to ancl trom the 
contractorD, thio io ossontial if th ONEP/USAIO roviow 
ma tinge aro to b off ctivo . 

AI a laDt raDort , ONES/AID can po.tPO',IO tun"inq until 
10m idontifiad obj ctlvo has boon achiovod by oontractoro . 
Thi n option ha l bo n ~orcioad rocently by USAID in r gard to 

h hydro proj ct (DUll a fOw morc d cisiono of thia typo may 
bo naodod tor ho word to apr od among contuctOrD thot th y 
oro occoun blond mUlt d 11v r . 

[ 11 undou ood thot 
num tOUI unpr die ibla 

011 eaA a ata not eloor-cut and 
vont . con dolay proj eta. Thoro 
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is, however, a need for closer monitoring and more active 
interaction with the projects . 

Documentation and Dissemination: This has been a somewhat 
weak poInt In many projects. Regular workshops, as was the 
case for the coal/biomass conversion projects, is a good idea. 
In the case of the bi omass projects, it is felt that a wider 
audience should have been invited. 

This dissemination function should be carried by DNES 
because, first, their mandate calls for the promotion and 
development of non-conventional energy .sources, and, second, 
these dissemination efforts will contribute to establish DNES 
as an active and forward looking Department. 

Some specific recommendations for DNES and USAID are as 
follo·.s: 

DNES: 

1. Definition of Projects: There is a need for preliminary 
systems analyses before proj ec ts arc launched. These should 
be a preliminary imlllementation plan addressing all aspects of 
a technology: are the resources available (biomass, building 
materials , etc .), at what cost , what incentives are needed to 
market the technology (will the GOI provide the financing, who 
else can , etc.). Such an analysis is obviously subject to 
revisions but it would focus the problems: What arc the uostl 
performance parameters that must be matched, is tho technology 
or the particular application attractive at all, etc. The 
purpose of .\ERO or simHar projects is not to devolop another 
gadget but to try teo promote meaningful non-conventional 
onorgy altornatives for India. 

2. Initiation of. Projects: Launching a project requ.lres 
mUltiplo approvalo from various Indian ministries and 
agoncieo. Atter projects aro dofined, Dee 1. above, ONES 
ohould play the l ead role in get ting the project (s) approved 
by the Indian buroaucracy. An aggresoive and detormined 
approach by ONES can only roinforce its pooition ao a leading 
agency for the promotion of non-conve ntional resources, which, 
ottor all, io its charter. 

Serious delays have beon encountored in tho initiation of 
lome project_ (the 100 KW ganifior projoct i8 a notable 
oxamplo). It is recommonded that ONES 080i9n8 tho 
r oponoibility of carrying individual projncto through the 
odminiotrativo oyntom until approval i. grantod to individual 
mambors of ito ntaft. Sufficient authority and decision 
making poworo ohould b d 1 gatod to tho no otaft mombors for 
thom ~o b off ctive in ace lorating the proeean of approval 
of proj e ta . Aftor tho projocto hovo bo n opprovod, th 80 
lomo nto ff In mboro, who by now will bo tamiH. r with tho 
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projects, would be responsible for day-to-day manaqement of 
the projects and for interactinq with USAID to ensure 
effective monitorinq of the projects (see section 3 below). 

3. Monitoring of Projects: Some projects have suffered frem 
lack of consistent monitoring and critical review: the 
purpose is not have on-going projects, but to have on-going 
projects that are meaningful. Some suqqestions include: 

• Establish a progress chart, with deliverables 
and schedules (in conjunction with USAID) at 
the onset of a project, 

• Establi s h a "chain of conunand", or, rather, a 
"chain of responsibilities", between ONES and 
USAID for each project. Who is leadinq, who is 
in charge, etc., and inform the contractors, so 
no qames can be played. 

• Request quarterly reports from all contractors. 

• 
There should be no exceptions to this, 

lIave quarterly reviews 
appropriate measures if 
is not adhered to. 

with USAID, and 
the or ig ina 1 w.:> rk 

take 
plan 

4. Dissemination and Marketing: Several projeots have not 
fulfilled theIr 06jen·(vo of disseminatinq the technoloqy 
being pursued. It 18 impera tive for ONES to ensure that 
positive aspects of projects arc advertized: further support 
of projects will only happen if the 'power to be' in the U.S. 
leel that their efforts arc recognized a nd appreciated. 
Further, ONES can only es tablioh itself as the "non­
oonvontional ellergy" agency if it shows positive and 
meaningful contributiono to Indian'. energy situation. There 
appears to be somo interoot by Indian induotrieo for somo of 
the technologies developed under AERO and thio intereot should 
be pursued actively all across India. 

s. Customs: Many delays and problemo have resultod from tho 
rigid struoturo of India'. custom regulations. It i. 
imperativQ that ONES negotiateD a oimplication of tho 
prucedure. tor importing U. S. Roooarch and Oovelopment 
oquipmen', nooded by Indian institutions for pursuing AERO or 
oimilar projeots. 

USAl!), --
M.ny of tho ougCJ •• tlons mode for ONES do apply, mutoti . 

mutandi. , for IJSAIO and ohould b impl mont d in parallel aD 
many of t h m r quire t he cooperation ot both og.ncioo . 

1. Oofinition of Project", Th 
meaningful and roaIIatIc goalo hae 
muat inoiot t hat ONES preoonts 

noud to foc uo projocts on 
boen 8troudod abovo. USAIO 
a roaliotic aR80ssmont of 
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projects considered for funding. It may be cost-effective for 
USAID to bring in a consultant in the early phases of project 
discussions to get an outside perspective, to help select 
reliable contractors/suppliers and to set realistic and 
achievable goals. 

2. Initiation of Projects: Once a project has been defined 
and a decision has been taken to implement the project, it 
becomes ONES's responsibility to obtain the necessary 
clearance from the Department of Economic Affairs and any 
other agency involved. USAID must insist that the process of 
approval of projects be carried as effectively as possible. 
USAID could suggest timeframes for th,' approval of projects; 
if these were to be exceeded without serious reasons, such as 
a change of administration for example, the funds earmarked 
for th ~ project would be transfered to other activities. 

3. Monitoring of Projects: USAID should take the lead in 
estabHshing an effective monitoring process as outlined in 
section 3 above . Close monitoring is essential and, in the 
long run, beneficial to all parties involved; a sense of 
urgency for establishing and maintaining effective control of 
the projects must be conveyed by USAID to its Indian 
counterparts. 

4. Dissemination and Marketing: USAID must insist that 
adequate and effectIve dIssemInation of the projects, as well 
as serious attempts at commercialization of the results of the 
projects, be undertaken . This is the ultimate objective of 
the projects sponsored by USAID and it s hould be o!llphas1zod 
and strossed with USAID's countorparts. 

5. Procurement: Independently of customs rogulationo, somo 
problems have been encountered with tho procuremont of 
oquipmont from the U.S.: missing parts, brokon parts, laak of 
documonta tion, otc. USAID should tighton the torms of tho 
agroomonts with U.S. nuppliors of equipmont to minimizo .. ~ch 
probloms . 

6. Staffing. The EnOrgy Specialiot, Mr. S. Padmal1Obhon, hAD 
been oxtroh,ely effoative in getting a variety of pro jocte , 
somo of which appoared to be drifting hopoless ly, undor 
control. The task ot monitoring, r~viewing and mnin toining 
control over the existing proj cte io onormoul; turth r, the 
n w initiativeo, ouch 06 ERE, planned for th noor tutur will 
aloo requiro hiD tochnical oxportiuo. It 10 thoro for tolt 
that t ho appointment of a socond t chnicol xport nhculd 
oeriouoly bo conoiderQ~. Altornotivoly, tho lonq- t rm Duppor t 
of conoultonto ohould bo conoiderod in ord r to ovoid th 
probloms that have plagued aomo of t h AERD proj cto . 
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5.1.2 Individual Projects 

a. Gasification Projeces 

In the course of the evaluation . gasification projecto 
other than those included in the AERO project were obs ervod at 
Roorkee University (5IlP ). Jyoti Ltd. (ma nu facturer - 5 to 10 
liP range) and lIS. Bangalcre (5-10 liP a nd 100 KW). 
Heportedly. there are other groupo actively engaged in 
gasifica tion. 

The units observed ranged from l aboratory demonstration 
unita tested in the field to pre-conunerc~al/commercial unit n 
having reached variable degrees of engineering .ophi.tiaation. 
Some observations wore mado : 

• t horo Bcems to 
i nformation exc ha nge 

be little coordination/ 
between reooarch group • • 

• preliminary economico (sea Appondix C) indicate 
that costs of wood and hour s of utilization are 
critical (ac tors . Cost of unit s io I •• 
critical (although capital availability iD 
"ssential ) • 

• a variety of ftce narioo for uti lizotion or 

• 

consid r d . including irrigotion . v illogo 
loctrificotion. Imo illm dium i ndu DLrio • • 

associatod with a variety of Ie nArioa for (1101 
production . wood wnte briqu ttos . ota •• bu 
fow attemptl have b n modo at ovo luotinq tllo 
f nibiHtyl conomico of cl orly lden ifi d 
Iconarioo or compl t ayot ml from tu 1 
production to nd-ul ( fIS hn mado .uch on 
Dttomp wh ich wa. r viow d by th earn). 

no mOil/anergy balance. hov baan mod 
r 10 Ivo m ri I of charcoal v riU' 

rma 0' rOIOUrC u 11izo ion h •• 
addr II d . 

and h 
wood In 

not boon 

• h r 11 0 n ad Cor lorg IOal0 proc:olNI! roid 
d o::Qn. rn cion. . Such D d mono ration ( 20 
un! a l i. oUrr n ly impl montad by lIB wi h eh 
luppor oC th Knrna aka II. 0 CounaU Cor 
80ionl: lind Too hnology (K8CBT). Th pro~«ta 
involvft§ on@ wook ot rAining inc:lualno 
aAohino vldoo ApOi. Tho ~lIm nllI hu buH · 

II 100 111'/ uni whloh w111 bn II d ohor ly . 

• I v/lf.l IIIllnutlla unn hevo IIXPfllll"d In Of!18 
in commerolAllzlnq Ol.ttlofl. 
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These projects have attained most of their objectives. 
It is understood that field testing and work on briquetting 
charred residues will be pursued for about 6 months with ONES 
support. The teams are capable of pursuing research on their 
own, no further support is recommended. 

SPRERI project 

The proj ect 
well equiped to 
recommended. 

has reached most 
pursue research. 

100 KW Gasifier Project (GEDA) 

of its objectives and is 
No further support is 

As indicated before, it is recommended that this proj ec t 
be implemented. It is due to be authorized and initiated 
shortly. Recommendations are as follows: 

I. The steering committee (ONES, GEOA, GODC, GROFED) should 
appoint an execut ive secretary responsible for daily 
management, monitoring, coordination and review. Similarly, 
GEDA should identify one person responsible for daily 
management data gathering/interpretation, site monitoring, 
etc. Direct channels of communication should be established 
between the AID Energy Specialist and the ONES and GEDA 
rnpre sentatives to insure the regular/effective monitoring. A 
detailed work plan i. essential . 

Periodic , and regular, reviewo 
outside conoultant ohould be considered 

and evaluation 
by USAID. 

by an 

2. Detine an effective data gathering plan including all 
aspects o f the .yotem , fuel transpo,:tation/preparationo, 
maintenance/repair coot. , f uel characterization/preparation/ 
consumption , etc. DeHne anr. l ytical methodo to be ueed for 
interpretation of teohn ical and economic data. Involve the 
gaoitior manufacturer and a conoultant in t hio proceoo . 

3. Eltablhh procedurel by which the manufacturer will be 
informed of progreoe and can interact with the GEDA team. 

4. Mok the GODC-GROPED operationo energy efficient. 
Because of the high capitol coat of alternative technologieo, 
~y.tema uoing th. technologi e ohould be mode energy 
fHoi nt to roduce capitol inv Dtment (in the prosent coDe, 

reduction of lectric consumption by t he fo~!liti~e would 
rOlult in moro pow~r oold to tho grid ). Further, implemonting 
n rgy con.orvoti~n in th se indudtrieB would constitute 

intorooting cOla otuel i 0 to promot conn rvotion . 

http:reduction.,.of
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Conservation should be implemented before gasifier 
operation is started 80 that the benefits of conservation can 
be evaluated with the current source of energy (electricity 
mostly). GEDA should install and document conservation 
measures; this should be a prerequisite for launching the 
project. If needed, USAID could provide the services of a 
U.S. consultant. 

5. The option of waste heat recovery should be considered 
during the energy efficiency analysis suggested in (4). If 
this mak~9 sense, it is recommended that after, say, one year 
of gasificer operation and analysis, the heat recovery system 
be implemented and analyzed for another 6 months to a year. 
This step-wise approach should permit careful analysis of each 
phase of the project without negative impacts on the overall 
management of the project. If justified and feasible, this 
heat recovery phase would enhance the case for energy 
conservation. 

RocommendationG for New Projects 

The review preDon ted above indicates that many activities 
arc ongoing but that there is a lack of interaction between 
groups and a lack of focus on system (fuel, fuel preparation, 
gasifier, end-uses) design and feasibility analysis. More 
usoful data is probably available than is apparent. 

Two new activities arc suggested for AID to remedy this 
situation and promote gasification. 

1. SpenDor a review of Indian gasification projects and 
prospccto. 

This should include: 

Description of ongoing projecto (data .hoets for each) 
Summary of characteristics/performance 
Case studieD - feasibility/economics 
Foreign activities 
Manufacturers . 

Thio .tudy ohould be conducted 
an Indian group and wculd constitute 
di.Domination and planning purpoDeD. 
~ ho'Jld be considered. 

by aU. S. contr4ctor and 
a reference data baDe for 

Compute rizing this data 

Thin otudy would aloo be a uoeful reference documont for 
th evaluation of gooi£i r proposals undor ERE. 

2. Spcnnor a Gasification Works hop 

Thin 0 cond ntop , which could be orgoni~ d by ONES, would 
bring ~ogeth r 411 r 8 aroh 'i/roupn idontified in tho reviow, 

-



state agencies, 
researchers. 

b. Low Head Hyd~o 

end-users, manufacturers 
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and foreign 

This project is late but is relevant. An extension of 12 
months has been requested. Based on the team's observation of 
progress at the Kakroi site and the remaining tasks of 
controller delivery, testing, commissioning and training, it 
is suggested that " period of 15 months be granted. Some 
recommended actions are : 

1. Grant a 15 
supplementary 

months extension 
funding. 

with no, or minimal, 

2. Extension should only be considered if a clear and 
definite commitment is received from au concurning the 
remaining tasks . A cable to t hat effect has been sent by 
USAI O. 

Similarly a 
Kakroi site 
A prop"sed 
provided to 
Roorkee . 

clear scheduling commitment regarding the 
should be demBnded from Roorkee University. 
work schedulc! was supposed to have been 
ONES three days after the team's visit at 

3. Establish effective cha~nels of communication between 
ONES, AID, AHEC and au for coordination/monitoring of the 
project and request quar.terly reports. 

4. Involve the u.S. supplier of the turbine in the data 
gathering and data analyois process. 

5. The option of redefining the objectives of the load 
management controller should be considered. The original 
objective of delivering a rather complex prototype unit 
could be reduced to that of delivering a "proof of 
concept", 1000 sophhticatod unit. This option should 
not bo discussed with au until such time at which i~ is 
rocognized that au will not be capable of delivoring the 
promioed prototypu . Sueh a roadjuotment ohould includo a 
reduced love l of funding. 

Rocommondoti"na for Now Projocts 

The to am ha s expreoo d some reoervations concerning the 
economic viability of lew hoad hydro with load managomont in 
the centoxt of isolatod villag a or groups of villagoo . Moat 
quo.Honobla 10 tho na t ure of tho "dummy" loady proposed 
(hydrolyaio , fartilizor , etc .). AlthOugh concoptually 
attrsotive , tho concopt do a no~ aoom to hAV boon thoroughly 
diacunaod. 
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It is recommended that a feasibility analysis of the 
concept of load management for low-head hydro in remote areas 
be undertaken. The purpose is to define the situations in 
which the concept could be viable and identify relevant 
parameters (electricity, hot/cold water, shaft power needs, 
load profile, peak demand, potential for further needs, etc.). 

Topics should includ : 

Definition of representative cases. 
Energy needs (present/future), market for commodities . 
Techno-economic analysis. 
Framework within which the technology is viable. 

The study should be conducted by a U.S. team and an 
Indian team familiar with the problems encountered in isolated 
villages. 

c. Energy Efficiency 

Background 

Some relevant aspects about energy conservation are as 
follows: 

Much information regarding energy cor.gumption and fuel 
usage in various industries and conservation equipment 
available in India is available, notably through the 
National Productivity Council, 

Many industries are more worried about securing reliable 
power than about efficiency, 

The technical merit of conservation is recognized but its 
economic value to industries is not always recognized by 
industrial management spheres, 

The GOI provides some incentiveD for. the installation of 
conservation measures but until recently no single entity 
was mandated to promoto consorvation , 

Several Association of Industries (Textile, Petroleum, 
National Productivity Council, NPC) provIde audit 
.ervices to their members I no support for implementation, 
management or financing io provided, 

A few conoulting firm, offer audita/recommendations to 
ind\.\otry , but nune offer complote consorvotion paokaguo 
00 io th cODe in tho U.S., 

Much could be gained by tranoiatinq 
in conoervotion implemontation to th 

the LI.S. experience 
Ind!3n centoxt, 
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There is a need for successful demonstration of 
conservation in Indian industries. 

A proposal was submitted to USAID by Energy Environmental 
Engineering, Inc. (E3I). As presented, the proposal should 
not be conside red for a number of reasons: 

the first phase -- industry surveys, audits, selection of 
a candidate f or demonstration, etc., -- to be s upported 
by AID does not make use of data already available in 
India and, as a result, is much too expensive and 
lengthy, 

Indian participation is 
conservation devices; no 
Indian infrastructure 
apparent. 

limited to the installation of 
real effort towards building an 
to promote conservation is 

the proj ect pr.oposes to trans fer directly the U.S. 
experience (service company, third party financing, etc.) 
to India. For reasons discussed below, this may not be 
the most effective approach, 

the proposal seems to be more aimed 
business fo: E31 than at resolving India's 

kecomme"dations for the Ongoing Project 

at qenerating 
problems. 

One more workshop will be organized in De thi, probably 
towards t he end of 1987. The tentative s ub ject io energy 
manaqement systems. ThH is probably an appropriate topic 
becau8e it may bring f'lr~ 'al'(\ 80me ot tho procedure8 uoed in 
American industries to achie,.le enerCJY efficiency. 

Recommendation. for New Project. 

It i. recommended that a demonatration 
projoct be implemented in an induotry, toxt!l i. 

conaorvation 
lug90 Q t"d . 

Tho projoct would bo carried by ono of tho T~xtila 
Producare Aoeociation, th eo ao.ociotiun. hovo Itobli.hod 
thoir erodibility omong.t t hoir. mambara, thay already provido 
auditl and thay or 900d vahicl 0 for dillominating t h 
tachnology among th ir man,bara. AU. S. contrnotor fnmilior 
with tho compl t con.arvotion larvic 8 will provido tho 
support n odod to trona! r approacho. ulad in tho u.s. to th 
Indion cont xt. If DUCC IIful , thin proj ct could be 
roplicatod among othar oaoociationa . Tho NPC il 0 privata and 
vary dynamic in.titution mainto1ninq contaot. with tho COl nnd 
all induatriol ocr088 Ind10. Thoy could oct U ootolyut to 
promote conoorvotiun nmonv 1ndultrinl 0"0010 1on • • 
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d. Solar Projects 

Testing of Thin Film Solar Collectors 

Project concluded; following project o"going. 

Thin Film Technology 

Project initiated and on track. 

Monitoring and dissemination must be stressed. 

It is recommended that dissemination of torts bo 
undertakon immediately by ONES . A poss ible approach could be . 

Send information about the encouraging resultl dorivod 
from tho flut project to all manufacturers on record. 
Requost exprsssions ot inte ros t from manu tacture rs . 

Distr i bute sample collectoro (troe or at cost l tor 
tcsting by manutacturers ; comments , ouggostionl, and to" d 
back will be requestod in oxchango. 

This approach would i nvolvo manutacturors at an oarly 
stage of dovelopment, may provido usotul ouggoltione tor 
prodUct dovolopmont and would esUblioh DNES 40 a forward 
looking institution in the tiold ot solar onorgy. 

Recommondation. for New Projects 

rt is racommond d that USAID commioa1one 0 roalhtic 
markot Itudy tor oolar thormol norgy in Indio. Th atudy 
ohould includ • noit i vity OM lya1a rolatod to a rango ot 
port~rmsnco charact riotics and COlt . Th i. would d, tina 
rangos of ooonomic viability tor tho oyat ml coneidorod . T'ho 
otudy would aloo b u.oful in analyzing ERe propoeala d oUng 
with lolar th rmal application • . 

enorgy Hod Ung 

Proj ct compl t d and ongoing. Aftor tho modol hal boon 
01 od ful ly and improvom nt. havo b n complot d, 
nvironmontol cOlt/bonofite r . ulting from norgy poliei • 

• hould bo i nc lud d i n the mod 1. 

5 .1. 3 

Tho following L,. on otlva lilt of pricrieift. Cor 
ini iation/impl m n a ion oC II ~ comm nda ion8 mado obov 
(ror r a abovD laotione for action. racommondod l. 

Imm dla !January- I' brunry 87 1 

1. Low-Iload lIydro 



2. 100 KW Ga.itier Demo (As ooon ao project approvod l 

3. Initisto improvement ot monitoring procedures ao projects 
I and 2 above dove lop. 

Mid-Term (March-July 87 ) 

I. Initiato Energy Con.ervotion Demonstration 
2. Initiate Solar Dissomination Programs 
3. Initiato gasifior/ low-hoad otudioa 
4. Keop improving monitoring procoduros 

~n9-Term (August 87 on) 

I. Insure that dissominotion ot solar projoct occurs 
2. Maintain clo.o monitoring ot projoct. 

5.2 Fo •• il Pu Is 
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About tw nty yoor. ago commo rcial power trcm all .ourcoa 
oxco dod th omoun of on rgy conaumed in tho commercial 
aector. lIew vcr , rocont atotiaticM ahow a continu d tot~l 
enorgy growth but commorc101 uao ineroGied faator thnn th 
demo.tie con.umption. Th por.l.ta~ growth , 0' ceurao , 
incrooa d th d mand on both local and lmpor od tuola wi h tho 
obviou. cona qu nco of mor coat ly impor. ot p troloum, 
dotoro. otlon and gr ator domsnd (or importl of coo l. Stroa. 
on h onorgy c:onomy can bo r duc:od aom what by d v loping 
moro ttioiont way. to apply tho tu 1. tho Sro conuumad . Th 
pr aont cool utilization program con mitigato tho undQ.itobl 
oapocta 0 lrudy d aeribod by d monatrA Ing n w ~otllodl at 
proc aain9 Indion cool. . A good .tatt ho t be n modo 0 opply 
nowoohnology 0 tho plonnod oxponolon ond upqrading or 
on rgy production. Tho Govornm nt ot India hu on olCtonllvo 
program finone d In .moll POrt by tho Unitod 8 0 • • Ot th 
U. S. finone d a09m nta , ho projootl oro lilt d in prlod y 
ord r U vOluot d by h rovi W OMI. 

1/ or Torm 

fluldlzod-bod combul 10n wIll continuo 0 b~ dovolop d in 
wo Dr AI ra9Ardl II at au aid lupport. Puformnnco o( tho 

ir bonrd Oral o( tho A IIIOlpharlc !" .uIdhod-Ood Collbuocor 
(APnC) noodo to b oValun ad 1\1 w1l1 b tho combul ion ot 
cOil l-wator .lurrill' And nonl I Cor Inj CIting alued 0 inco 
c~bul ion ohAmbnrl . Th.o projaoc. provlda ha bA.ia ot 
eClMlorelolly Ihod planu h twill nood major in ocnll Jonll 
oupplloro 0 in.trumontl , COli 1 hllndlin9 uquLpmon , _poolail y 
_ lloil., pUlllp., (Ani, tc:. 

Only ho troobonrd ilrOl 11 baing 'u POl' @d by 
bu h In(orlllA i on gilin d in ho combul Jon lion 
dliohAr90 .y. 'ftlll would AllO ilv.l1Ablo 00 PAt 
ov tnll oyo m OVA lUll lon. rluldll@d b@d combu. lon 

hI! U8AIO 
And hI! 
ot h 

11 cloDi! 
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to commorchlization on a larg6 sca16 . Severa l small units 
aro operatJng sa tis factori ly in plants all ovor India. 

Scale-up do sign ot tho fluidized bed combustor to 30 MWe 
is completed and roady tor implom ntation. The design is 
bosed on oxporienco gained tram .mallor uni ts and t ho 20 MWo 
unit at TVA. Co.ts tor t ho demonstration pllln t wil,l be shDrcd 
by DUEL. ONES. and a publ1c utility cuatomer . Some support by 
USAID is r comm.,ndod 80 thDt tochnical detail. derived trom 
tho projoct will bo avdlablo to u.s. pow r plant dos1gnors 
and equipmont vondors. Contacta with U.S. . uppl iers havo 
alrendy boon mado during the oxocution ot tho projocts just 
compl t d . Some vendor. alroady maintnin otticos i n Indio. 

Similar logic is applicabl to the dovelopmont ot 
combu.tion nOlzl • and conl-wot r mix ur • . 

A 30 MW pewer plant may be .uitablo tor a .mall 
communi y hot nood. pewor tor hou.ohold u. l ighe.. radio 
and rotriqoration . Such a plant mi9ht oliO bo oporotod 
in ormi tontly to provid n rgy only during th dark hour. ot 
h day a. i. don 1n .ov rol port. ot tho world . Experianco 

a th1ft 30 MWo lovol can al.o pr poro tho utility indu.try 1n 
Indio tor 10r90r oy.tom. that can .orv lar90r c~unltlo •. 

I'inonc14l .upport from USIlID tor all oC ha propo.od work 
i. prludly tor (I' . rnlnln9 of Indion on9in00<8 a R'D 
con on in ho U.S . spacioli •• ond con.ulton 0 1n ho U. S. 
can provid tho chnicol inpu I to ho proj cu and 12, a 
bulk ot ho und. ora n~odad tor ho purchu ot 
in.trumon otion and onaly icol oquipman from U.S . lupplion. 
IIrron9amon. Cor rovol . ACCOI' 0 .olact d d men.trotion 
.ltal . precur man and dallv ry ot oqu1pmon oln ba Idaquatoly 
hindI d by he on91n rin9 compony tho ~~nltorod h pr09rom 
rapor ad on horo. Th hood of h10 oOllpony COr. 8alu,0 ) hll 
h ",ueh nlladad conclleta be h 1n Indio ond ha Un1 ad 8 ata. 
o coord1nAta ond monl or h@ x gnd d pr09rAm. 

Indio'. fiMnciol por lcipo 10n wHl bo uaod 0 .uppor 
h@ loeol projoct porlonn 1. fobr10A 10n or hft ca.bultor And 

901 e l on-up IIY' 0111 nnd urchu ot xpondilbl h II' 
Avolloblg doaoo Loolly. 

H diu. Rnnq Po lin iol 

Two pro]oe lora of In orlll in h nuor tu uro. Thll ho 
901 , h19h prll.luro pAr leullltll ra.ovol IYIl CIA 11 oc pArticulAr 
in rOll boeAuIII i rOptlll@n I 0 probla. ot long I Anding. If 
c lOlln hot 9A1 11 oVAllobl co A COl!lbUII 10n urbina. pawo 
9l1nll'I ' lon ,AY bocoao A r@oll y. Only 0 tow por fi r .lllion 
or loUd anough 0 @redo urbln@ bbdlll lind VApor I@d !!III Alii 
oon OOUII! II poi! I ho AC d ~91n9. Tho unl undor 
coni ruo Ion IY Aolvo be h problo",. by con 00 ot h@ rAW 9AI 
w1 "A v1ng!HId o t Alu.1M. 

http:India.30
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The relnted m~dium range project i s the fluidized bed 
combustion uyatem. Ope ration under pressure and applying 
solids recycle can improve the efficiency ~nd the recovery of 
ene rgy tor uteam generation . This project of preuuurized 
combuation is not part ot tho USAID program just completed but 
the problema of treeboard pr,rformance are signi f icant. 

Long-Rang Potontial 

Looking at tho a~al lor aegmonts ot t he program, cyclones, 
CWM proparatlon at CPRI and cold g08 cloanur at RRL-H, one 
aoos 0 mixed picture of rosoarch thot s hould bo pursued but 
with lomo moditicltionl . 

Don.o Modium Cyclone. oro uaod commercia lly but Indian 
coat. wl.th high OIh contonto ond with tho oah distributed 
hrouqhout the porticl I aro not easily c l ooned with thoso 

"V.t ma . Thiu rOlloarch ahould ccnt inu but wi t h emphosis on 
now m hods of di.auocioting the uh from the carbonoceoul 
me t r . Suggeot d GrOat of investigation might inc lude 0 
I udy ot th .udoc prop rtl s of coola and solve nt oction . 
Th objoctivo would bo to d cr alo or Hmlnnte t he coa1- u h 
bond. 10 that dl.p r.antl might induce improved .eporotion. 

Cool-Wa or-Slurrio. . Commorclal odditive. and 0 coo l 
d rlv d motorial w r valuat d or tho proparotion of .tabl o 
IUlponlionl ot cool In wot r. Th 10 l u.pension l ore pumpoble 
and Icablo in 10n9-term notAllo . Wh n h OHEI. group preporod 
.u.p n.lona tor h ir xp rim nta , tho odditiv I valuated at 
CPRl w r no appll d . power plan porlonnal don ' t lik to do 
chomlcal procoI.lng bu he po •• ibil! y of a oimplo treAtmo nt 

o .. aka " cool darlvold oddl ive 0 m. to be on intar .tln9 
4111, rno Ivo . 

Cold GOI Clolnup con bo d I!IOr'.~~o d uling chucoo l ond 
p "ipormLAbla malftbunal . Tho dovalopm n aE .uoh oyatomo hoe 
morl . 110 900 oloonup 111 pc !orobl, tor the proj eta now 
undor ean.ld fotlan bu alOin cold go. moy 01.0 be protocobl 
COf pcoparln9 nL Cov n, hydrovon lind cubon manollld, . GOIOI 
r vad by odlaep Ion and dHCu~Lon IYltam. I!<O otton ocidic 
And hAV II hl9hllf molooulof w ight , In pnrticulor , oorbon 
dl~xld , n1 fovon oxidao And aultuf OXide.. Loool laureaa ot 
Ic iVA ad oorbon And dulvnod IIIOlIIbunOl tar hd 9"0 lIynomo 
undllr conlJdoro Ian would bo of in oral • 

, The ocher pcovum wor hy oC canaidoen Ian La tho 
Cu bu~ lan Ina i U., 8 vorAI o~plnL I ~111 bo Ln fOlcod 1n 
e bUI 10n I udl@, AI r@loc d 0 fluldlt@d bad. nnd Cor burnar 
conEigufA ion ~hlll burqinv hlVh uh aooLD . 'I'h prabloml ora 
unloui! And utd I flliA @d 0 IIqul an prov ldad by U. O. 
{ndul rl., rOllon And oorbon urnau Af(l wa at ha IMny 
pfobI III' "'101 InQ r oolu lan. lIna hor nrDA at raloacoh would 
b, flliA ad 0 bl AlII whloh hu n MAr IIfm tu ur(l In IndlA. 
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These recommendations are an extension of those presented 
at the Third Annual Workshop. They are modified by the 
developments over the subsequent year and reflect the 
considerations of the review team. 
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APPENDIX A - VISITS - CONTACTS 

A. BIOMASS PROJECTS 

Date Organization Individuals Purpose 

Sept. 16. 86 USAID (D.C.) R. lchord. R. Archer 8riefing 

I)et. 3. 86 HITRE Corp. A. 'ralib Biomass Conversion 

Nov. 13. 86 NAS D. Hog Energy Efficioncy 

Dec. 12. 86 US';' JO R. Ichord I R. Archer 8rlefing 

(NAS) D. Hog. F. Nash (Enorgy Efficiency) 

(HITRE) A. Talib (Bioconveralon) 

World Bank Briefing 

Dec 2t. I 86 BNL V. Hubayl Thin Film Colloctor 

Jan. S. 87 USAID 
(No" Dolhl) S. PadUlonabhan Brloflng 

Jon. S. 87 P.W. Aautto 

O. Cylke 

Jan. 6. 87 ONES J. Cururnjn Brhflng 
J.R. Hoann 

Jan. 6. 87 NPC V. Rlighurllmon Hrldlns 

Jan. 6. 87 811£L V.P. Abbl Briefing 

Jan. 1. 81 IlT (D. lhl) P.O. Crov.r O .. Hlor 
II.B. Hothur Englnl (Chor) 
Storr 

liS 11.5. Hukundo 

(ON ES) O.P. VI .. ol 

Jon. 8. 81 lIT (Ol lhl ) P,D. Orover SltI VI.lt 
I1.H. HAthur Englnl (Chor) 
Btoer 



Jan. 8, 81 

Jan. 9, 81 

Jan. 12 , 81 

Jan. 12, 81 

Jnn . 13, 81 

Jan . 14, 81 

Jon. I~. 87 

JAn. 14. 87 

Jon. 1:' , 87 

J.n. IS. 87 

J.n. 16. 87 

JAn. 16. 87 

(ONES) 

(llS) 

DNES 

(115) 

TERI 

GEDA 

Jyotl Ltd. 

SPRERI 
(prov1oully 
JSEI) .nd Site 
Viltt 

CEI (Deihl) 

Solnr Enol'SY 

K.K. Singh 

H.S. Mukunda 

K. K. Slngh 

H.S. Mukunda 

R.K. Pachaur1 
Staff 

K.S. Reo 
S. B. PatU 
K.S. Shah 

A.C. Gupta 
F. Vyarowallo 
B.S. Valdy. 
H.S. Ra=aprasod 

K.M. Dho\ nkto 
C. S. Roo 
M.B. Dursnpralad 

N. Srlnlvn lan 
V. Rnshurnmnn 

S.K. Cupu 

Cantlr - Site N.P. Singh 

Roork •• 
Univon ity 

K.krol 

Moork •• 
Unlvorelty 

Roorke. 
Unlvor. lty 

ONES 

DN£8 

D. 0 .. 

0.0 .. 

Proj oet Sta rr 

D. 0 .. 
J. Curu raja 

D. Ou 
J. Curufljl 
.$to(( 

J. CururAjl 
5.K. Gupu 
J.N. HlinA 

0. 1'. Vi". I 

Cosifier -
Discuss ion 

Energy Modeling 

BrloUng 
100 K1I CasUler 

Gosifier 
Commercializotion 

COl ilier Project 

Energy Efficiency 

Polymor FUm 
Technology 

nlln fU" Tochnolo~y 

Low lIood lIydro 
(Rr1oClng) 

Low lI .. d lIyd r o 

Sito 

Hl cro lIyd.l Sy.t ... 

Hlcro lIydol By ... " 

So lor V,oj •• tl 

BtOllu, l'rodUCt l on 
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Ij 
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Jan. 21, 87 !ERI R.K. Pachauri Energy Modeling 
Stoff 

Jan. 22. 87 IlSe H. S. !-Iukunda Gasifiers Efficient 
Staff Stoves 

Jan. 23, 87 KSCST S, Rajagopalan ~rnatllk4 State 
Programs 

lISe H.S. Hukundo Test8 of Gasifiers 
Stnff n~d Review Train1ng 

Manual 

Jan. 24. 87 Institution of S.C. Ramachandra Energy EfHehney 
Engineers 

IlSe H.S. Hukundn Gasification 

Jan. 27. 87 USAID C.R. Hatch 810m881 Production 



January 1987 
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07 

OB 
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APPENDIX 8 - FOSSIL FUEL PROJECTS 

Itinerary - M. D. Schlesinger 

Arrival at Delhi 

USAID Orientation 

USAID 

ONES 

S. Padmanabhan 
EnerBY Spocl.IIBt 

Or. f. W. Amato 
Chief, De8ig" and 

Ev"lulJclon 

Owen eylk., Coun.elor 

Or. J. CururaJa 
Adv1aor, Ener8Y 

National Productivity Council V. R38hur.man, Diroc tor 
8harat Ifetwy £lactrlcah Ltd. Dr. Y. P. Abbl, HanlSlr 

USAtD 

D.lhl to CAleutto with 
V. Rashur"Mlin 

CAleutro to DhonbAd 
C.ntra l fUll R .... reh 
In.t ltuto 

C.ntrAl Fuol R .... rell 
Inn Ituto 
Olllnbld co ColeuttO 

Or. R. lI.quI , 01 flctor 
Or. H. CII.kraborty, 
Setont llt , Doru,y 
Dlr •• tor 

S •• lr Sin, A •• I.tAnC 
01 rlctor 

10 CAlcuttA to DIlhl 

II (SundAY) Now Oollli 

99 
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12 Delhi to Hyderabod 

Regional Resea rch Laboratory Dr. A. V. Ramo Rao, 
Director 

13 BIIEL , Corpora .. R 6 0 
(BIIEL- II ) 

lIydor.bad to Hod r .. 

13-18 Hodr •• (Ponaol) 

19 HAdr .. t o Tlrucll lr.pa lli 

20 

21-30 

31 

"b 01 

ehor .. IIl1vy EI •• trlcoli Ltd. 
(BII!L-T) 

Ttruchtp.lll to Hodurol 

Hodurot 00 Hodr •• 

Hadr .. to Otlhl 

U8AIO 

D,lhl-Funkfon 

Dr. Y. V. Subba Rao 
Assistant Director 
Dr. - ln8. R. Vafdyesvaran 
Distingui shed Scientist 

(Rot Ired) 

Dr. S. N. Roddy 

N. N. Ram,krf . hnan 
San tor Managor. COil R&D 
S. Chakravarti 
R. S. Ranson 

K. T. U. Hollhh 
C.nar.l Ho""8or 
K. Nllnd.kuaa r 
Dlputy HonAA.r , R , 0 
S. RAJa ... 
Hon'8ar 
Indu.t rJ .1 Pow.r Produ.,. 
Olv l.lon 
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APPENDIX C - ECONOMIC ANALYSIS 

This ~ppendix presents prelimin~ry ~n~lysos of gasifiors 
and low-hedd hydro system. . Theso analysis aro not final but 
are meant to support and illustr~te somo of the points "ade in 
the ev~lu~tion of projects. 

I. Gasifiors 

Tho d~t~ usod was obtained from ~ v~rioty of Indian 
sourC08. 

Asoumpt ions 

Capacity: 3.7 KW (ohaft) 
Capitol costa : gaoifior-dioaol-pump: RD. 19,800-10,000 

Diosol-pump. RD. 7,000 
Motor-pump: Re. 8,000 

Deprociation: straight lino, 10 yoara 
lnt rOlt: nona 
Maintonanco. 5\ capi\,aJ Iyoar 
Oporating hour .. vort~blo 
Wood cost including proparation: vari~blo 
DioDOI coot. RI. 3.S8/1 
Eloctricity •• ubsidizod: Re . 0.88/KWII 

unaubaidizod: R • • 1.3 3/KWII 
Opor~tin9 coau: 1/2 hour par 4 h oporotion , Rs. Ilhour 

(gooilier and diel I) 

R . ult . 

So attaoh d figur . 

Comm nto 

Wood til 1 cODt (including prepara ion) , houro of 
op ration and to a 10100r axt nd capital con. nro tho 
major param r. intlu nclng conomlc • . 

- Manual preparation of wood fu I may account lor about 40\ 
ot tuel co.t , Ii tl conoid ra Ion ha . bo n givon 0 thi. 
probL m. 

- Por m dlum Cu 1 COlt (or R •• 500/MT I, tho gali(ior .hould 
oporata at 1 alt abou 2,000 hour./yoar to be comp Leiva 
wi h cHOIol. VilloQQ, COmm rcial/lndu. riDl application, 
oro more 0 rac iva @cenomicolly han lrrigo 10n (u luolly 
Obou 1,000 hourl/YIlAr). 

http:about,2.00
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Co.t por KWII 11 11111 .on.l tlv to copitol COlt thftn to 
tuol co.t (lr hour. ot oporotion . Roduclng tho coot ot 
tho 90.ltlor unit by holt ro.ult, In 0 10 to 25 
roduction In eC>lt POl' KWII . 

- Compotltlc>n with lubaldllod 1 otrloity 
Impo.,lblo . Compotitlon with unlublldl:lld I 

1D lImon 
ctrlcity 11 
c orclol/ ottr.ctlvo. Thio , A90ln, IU990.t. tho 

Indu. rlol oppl1eotlon. oro pc t • . robl • 

2. Low-Ilood lIydro Projoct 

" .. ump lone 

Rotlld powor. 125 KW 
Inocoll d coot. R • . 25 , OOO/KW 
Pow r Dolivorod. 100 KW 
Powor Sold oc. RI. 0 . 80/KNIt 
lIoura. vllrlobl 
Intor I Roco. vArioblo 

rna 0110 Ion co.t. 11000 Re.! 

Coplenl 
ron In90n1710. 110 I 
In r .t Rot III 
In ornt during Coni rue ion 

TO'I'IIL 

.'!!arly Opeco Ion COl • (1000 R.! 

Rooll 
ion 130 y oral 

ClOp! 01\ 

TO'I'IIL 

YMrly R!lYon" (1000 "a" 
lIoun/yalr 
ROY nUll 

10 
722 -

4,IGO 

10 
139 
lOO 

63 -
502 

2000 
lGO 

3 , 125 
313 

12 
873 -

4,311 

12 
144 
3 .. 

Gl -
5" 

4000 
l20 

14 
1,031 

4,469 

14 
14' 487 
Gl 

&t9 

1100 1000 
UO &40 
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COM ntl 

Cri ico ~ oconomic faetorl inc Iud CApitol COlt, intoro.t, 
oporo Ino houri por yoor ond prlco ot 01 ntri,c!ty . 

- Undor tho condltionl conlidorod , ho IYltom i~ vl ab lo and 
Ihould r turn a proHt tor Intorolt rAtOIl of 10 to 12\. 

-

-

Tho minimum yoarly hOUri ot op rAting to broA~ ovon or 
6, 275 And 7 ,400 tor intor It ro 01 ot 10 and 12 
rOlpoctivoly . tt tho .yot m OPOrAt a 90 percont ot th 

IlIIc, I. . 7, 880 houn por yoor , th -protitoblo· hOUri 
IIIoun 0 1,600 hours (RI . 128 , 000 1 and 480 hOUri (Ra . 

38 , 000 1 tor In or It roto. ot 10 and 12 r Ipoctivo ly. 

rf tho in. 011 d cOot 11 r duood by 10 ( to R • • 
22 . 500/KW1 , oll other hint. baing qual. von at 14 
inc rOI ho aYlt m 0 n broa von. 

rt hit price oC loctricl y 11 roil d by 10 (to R • . 
O. 88/KWII -- ft 111 below ho unlubtid hod price! ot tho 
yridl , 011 o hor hin"" bein9 aqual , ev n A 14 

n or I, h 'Y' III br ok. von. 

- Thh pc Ualnory Anolyd. don IndiCA a hot thoro il 0 
ro n9 ot oondl Ion. (copitol, In un , oporo in9 hourll 
wi hln which 0 oAnol b.oad low-ho.d hydro unit .nving 
vllll'lOO nd h 9rid oon bo oonoriloally vhbla on it. 
own II' rJI . 



APPENDIX 0 - Abbreviations used in this report 

I. ABE 
2. AERD 
3. AFDC 
4. AIIEC 
5. AID 
6. AIEl 
7. BEEIIM 
8. DIIEL 
9. DIIEL-II 
10. DIIEL-T 
11. DNL 
12. DU 
13. CASE 
14. CEl 
15. PRI 
16. CWM 
17. CWS 
18. ONES 
19. ePR! 
20 . ERE 
21 . GDDe 
22. GIlDIl 
23. G01 
24. GROPED 

25. IPM 
26. liS 
27 . lIT 
28. JSEI 
29. METe 
30. MKU/DU 

31. MW 
32. NilS 
33. NORI 
34. PE'I'C 
35. PPDC 
36. Rru.-II 
37. nru.-J 
38 . p, u 
39. BIlC 
40. SERI 
41. SPRIlRI 

42. STEC 
43. T££8£ 
4 •• Tllfti 
U. TVII 
46. USIlID 

.7. WI 

Adviscry Boord on Energy 
Alternat.~ Energy Resources Development Project 
Atmospheric Pressure Fluidized Bed Combustion 
Altcrna~ivo lIydro Energy Center 
Agency for International Development 
Aasodat,ion of Indian Engineering Industries 
Drookhaven Ener.gy Economy Asses8ment Model 
Dharat Heavy Electricals, Ltd. 
BIIEI.. Hyderabad 
DIIEL, Tiruchiapalli (Trichy) 
Brookhaven National Laboratory 
BOlton University 
Commission for Additional Sources of Ener.gy 
ConfederAtion ot Engineoring IJ'.dustries 
Contral Fuel Research I nstitute 
Coal-Water-Mixtures or syno nym 
Coal-Water-Slurry 
o partment ot Non-convontional Energy Sources 
Eloctric Power R search Institute 
Energy Relearch and Ent'Jrprioe 
Gujarat Dairy Dovolop",ont Corpor,.tion 
Cuj:.rot ~norllY Dovolopm6"L I\goncl' 
Gov rnm nt of India 
Cujarat cooporativos Oil-Sood Growors 

Fedoration 
Inltituto of Porolt Managomont 
Indian Inltl ute ot Scionco 
Indian lnatitut of Technology 
Jyoti Solar En rgy Instituta 
Morgantown Enorgy T ehnology C ntor (US DOE) 
Madurai-Kamraj UnivoYsity/Dharathidaoan 

Univ ratty 
Mogawatts Electric (Ou tput ) 
National IIcadcmy of Seieneoo 
NAtional Dotanieal Releareh Inotitute 
Pitt.burgh En rgy 'I' chn~!09Y Centor (US DOE) 
Pro.luri:od Pluidiz d Dod Ccmbuotion 
R gionoi R .oaroh Laboratory a lIyd robad 
RRL lit Jo1pur 
Re.ollreh ond Do elopmont 
Solar Enorgy C ntor 
SolAr Enorgy R • arch In.titu~o 
Sordor Pa 01 R n wabl Enorqy RQIOArch 

lnltitute 
Solar Thormol En rgy Con or . now SEC 
'I' r1 £norgy Economy Simulation ond EVAluation 
'1'0 a Enorgy Ro.ollrah In.~i ut 
'I'onn lao. Vall y lIu hority 
Unltod 0 II 01 119 nay Cor IncornlltionAl 

Dftvolopmon 
Winrook In ornll 10nal 
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