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EVALUATION ABSTRACT

The Alternative Energy Resources Project is a
collaborative effort 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
0il, to reduce 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 removal 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/Information Projects

Small gasifiers and film solar collector projects
achieved technical objectives and appear ready for
commercialization under other AID initiatives. Demonstration
of 100 KW gasifier to be initiateu soon; recommendations made
to enhance usefulness of project. Energy modeling project
provides useful tool for energy policy analysis. Low-head
hydro project seriously lagging: immediate action required.
Thin film solar materials project ongoing; dissemination
should be initiated. Focus of Energy Efficiency project not

quite appropriate. Biomass production project initiated
recently.
Lessons
° Role and objectives of technologies
invest.gated should be clearly defined.
® Cloge monitoring of projects needed,
° Dissemination/interaction with private sector

should be expanded.

® Coordinate field activity with institutional
neadn,
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SUMMARY OF EVALUATICN FINDINGS, CONCLUSIONS
AND RECOMMENDATIONS

Purpose of Activities Evaluated

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

The ultimate goals of the project were to reduce India's
dependence 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 as the late arrival of equipment
or late start. A technical review is specified in the
proposal and the submitted draft report of 30 January 1987
fulfills that requirement. Each project was visited and a
series of questions was asked of each principal investigator
and his staff, Basically, the responses revealed a proper
selection of criteria and objectives, some constraints, the
level of management and the degree of completion., Seeing the
physical state of the projects and combining that with the
discussion, provided the team with a sense of commercial
potential or the need for further research,.

Findings and Conclusions

Coal Conversion = Research and Development

Only one prcject is nearing commercial application, the
fluidized bed combustion system. The approved design of the
30 MWe AFBC represents the next step in the development
sequence. Smaller sizes, up to about 15 MWe, are already used
commercially. Near term developments are the pressurized
combustion unit and the solids recycle system where improved
combustion is expected. Another near term system is the
operation of a high temperature/high pressure vessel for the
removal of particulate matter from a product gas stream,
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The other projects in this overall coal utilization
program are of long range or academic interest -- densc media
cyclones, the preparation of coal-water mixtures and cold gas
clean-up. These might be considered under a technology
development program both as a research project or an incubator
for new ideas.

Biomass Production, Biomass Conversion, Energy Efficiency and
Information Exchange

The biomass production project was designed to provide
the research and development (R&D) support for the
implementation of reforestation projects by reinforcing the
R&D capabilities of two biomass centers, the National
Botanical Research Institute (NBRI) and the Madurai-Kamraj
University/Bharathidasan University (MKU/BU). As the scope of
work was developed, the objectives of the project evolved from
their original intent to short-term, fleld oriented, support
for reforestation to longer term, academically oriented, basic
research on species selection, plant stress, and others. The
project was finally initiated in early 1987, with the current
emphasis on fundamental research, it is feared that the
on=going reforestation projects will not benefit much from the
planned research activities,

The biomass conversion component included three
subprojects dealing with the design, contruction and field
testing of small (5 HP about) qasifier =-- engine-pump sets
ained at replacing diesel operat 1 units providing irrigation.
The projects were completed on schedule and have achieved
their technical objectives. The e~conomic analyses conducted
as part of the projects are preliminary; the availability of
diesel fuel and electricity at subsidized prices and the
scarceness and cost of biomass fuels suggest that, in the
present economic context, this technology will not be
competitive for the application considered. 1If these economic
issues can be resolved, the technology could be
commercialized; several manufacturers are, or could be,
interested in commercializing small ganifiers.

The enerqgy efficiency component was designed to promote
various aspects of energy efficliency in industry through
interactive workshops and visits involving representatives
from Indian and U.S§. industries. The project is on schedule
and will be concluded in the near futura., Tha project has
beun successful in establishing contacts between Indian and
U.5. industries involved in energy managament, It is,
howaver, felt that the U.8, experience in providing complete
enorgy efficlency services by specialized companies and ite
potential translation in the Indian energy/economic context
has not been explored sufficiently.
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The information exchange component included a variety of
projects. Two subprojects dealt with the construction and
testing of thin-film solar collectors based on the Brookhaven
National Laboratories (BNL) concept. Potentially, this
concept could result in higher performance and lower cost for
flat plate solar collectors. These projects are on schedule
and have, so far, achieved their technical objectives. 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 work have been disappointing.
Although current tests are encouraging, the technology is not
quite ready for commercialization.

The low head hydro project included two subprojects: the
testing of a U.S. made turbine in parallel with some other
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 gasifier project is a worthwhile project
aiming at evaluating the potential of gasification as a source
of captive power for regional industries. 1Initiation of the
project has unfortunately been delayed for several years;
indicat.ions are ctiat final approval for start-up may be
received shortly.

The energy modeling project was completed on time and has
provided a useful tool for energy policy analysis. Once the
data base has been updated to 1985-86, it is hoped that the
model will be used to evaluate the economic implications of
various strategies for the use of non-convantional sources of
enerqgy.

Several projects have suffered from administrative,
organizational, monitoring, dissemination and customs-related
problems. There is an trgent need for improving these aspects
in order to make projects more effective.

Recommendations

Coal Conversion Projects

When considering near term commercialization, only one




coal project can qualify -- th- Atmospheric Pressure Fludized
Bed Combustion system. The USAID 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 prcject are of long-term and
academic interest.

Biomass Prociuction, Biomass Conversion, Energy Efficiency and
Information Exchange

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

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

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

It is reccmmended 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,

Recommendations for the 100 KW demonstration gasifier
project include: implementation of energy conservation in the
industries considered, involvement of the U.S5. manufacturer of
the gasifier and collection and analysis of complete
operational d:zta,

The low-head hydro project has been seriously lagging;
immediate action is required to bring the project on track. A
15 month, no cost or minimal cost, extension should be




considered provided a realistic and enforceable schedule is
agreed upon by all interested parties.

General

DNES and USAID:

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

o 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 definition 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 uced to evaluate and initiate projects,

° Simplification of customs formalities for
importing equipment needed for projects,

° Improvement of dissemination efforts, and

B Improve the effectiveness of the process of

project approval and initiation,

Lessons Learned

For multimillion dollar projects, it is desirable to have
someone in-country who can follow the progress of the work.

It is also reasurring to all concerned that their work is
important and that someone cares. Another important focal
point is an individual who can coordinate contact between the
field teams and the Government of India and the USAID
bureaucracies, not an easy job.

There is probably equipment in the field where personnel
are not fully trained to operate or the equipment has only
limited application. A pre-purchase screening is needed by
someone who understands the project requirements.

Some specific points include:

° Role and objectives of technologies should be
clearly defined,
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Close monitoring of projects is needed.

Dissemination/interaction with private
should be expanded.

Coordinate field activities with the
tional context.

sector

institu~-
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1.0 INTRODUCTION

In 1982 a project was proposed to expand India's
technical capacity to exploit its alternative energy resources
and to develop selected technologies ¢to a stage of
application. Several collaborative subprojects were developed
to transfer relevant technical knowledge to alternative eneraqy
development. The goals were to:

° Reduce Indian dependence on oil imports,
o Reduce deforestation.
o Increase enerqgy efficiencies in the trans-

portation and industrial sectors,

These broad goals were approached in the following technical
areas:

° Biomass production and conversion.

° Coal conversion,.

k3 Energy efficiency in industry and transpor-
tation,

o Information exchange.

India has a growing need for fuel supplies and food as
its population increases and poverty reduction is realized,
The Government of India places a high priority on these goals
and has committed substantial funding to their implementation.
Both private and public sector organizations will be involved
with the ultimate goal of commercializing viable technologies.

This report traces some of the background of the project
and is an evaluation of its proqress, Specifically, the
authors look at the original objectives of the alternative
energy resources projects, discuss the accomplishments and
assess the need for future work and possible follow-on
financing by USAID,.

Review of the sub-projects keeps in view some important
related attributes that go beyond technical accomplishments,
For example,

b Were there constraints that may have inhibited
the attainment of objectiveas?

- The success of institution building efforts.

- United Btates private sector involvement,




@ Technology transfer from U.S5, organizations and
the effectiveness cf study tours,

s Future collaborative ties with U.S5. counter-
parts,

The Government of India identified areas for joint aid
with the U.S5. Agency for International Development for the
utilization of coal and biomass, Focus was primarily on
advanced and efficient technologies, six on coal conversion
and three on biomass,

Coal Conversion Projects

1% Evaluation of the Freeboard Performance in a Flui-
dized Bed Combustor

2. Scale~up of AFBC Boilers
3. Coal-Water Slurries

4. Coal Preparation

5 Hot Gas Clean-up

6. Cold Gas Clean-up

Biomass Corwversion Projects

1. Development of a Viilage~level Gasifier Utilizing
Charred Agricultural Residue

2. Utilization of Producer Gas in Small Engines (3~-5
i)

| 8 Davelopment and Field Implementation of Wood Based,
Gasifier/Engine Systems (5-J0HP)

Other areas of concern, more broadly related to the
above, involved biomass production (how much is available for
substitution), enerqgy efficiency (reduce waste) and
information exchange (introduce the latest technology for
adaptation by industry).

The role of the United SBtates was %o provide technical
as/istance, train Indian engineers in the U,8., and equip the
cooperating laboratories with state-of-the~art instruments.
To accomplish the above goals, several engineers visited the
United States to gain first-hand experience in the operation
and maintenance of the equipment they will receive, These




professionals also participated in meetings concerning
equipment design and with experts in their field of interest.
Other sources of needed information came from technical
society conferences and, of course, personal contacts with
whom correspondence will doubtless continue. Beside 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 cooperative program
amounted to §1,118,200 for coal and §$705,800 for biomass.

Proposals have already been prepared for selected projects
that may be continued under the present program,
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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 tons per year and a projected 1990 estimate of 260
million tons per year, these reserves should last akout 75
years. This limited time period could be extended through
more efficient 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
respectively., A large fraction of the natural gas goes to
fertilizer production, ammonia and urea, and new plants are
under construction. To sustain its goals of economic
development, the Government of India (GOI) must purchase about
2 million tons of crude oil a year, the cost of which consumes
a significant portion of India's export income, Like many
other countries, India is searching for indigenous resources
that might replace the costly imports, albeit in a less
convenient form.

Although commercial forms of energy =-- coal, oil, gas,
hydroelectric power =~ play the major role in providing
India's energy needs, non-commercial forms of energy --
fuelwood, agricultural and animal wastes ~-- still constitute
the primary fuel for the cooking and heating needs of many
urban and rural households. This situation has resulted in
severe deforestation and the diversion of agricultural and
animal wastes from their traditional function of fertilizer
and soil amendment agent, thereby increasing the dependence on
fossil fuel imports,.

Over the years, the GOI has initiated and supported a
number of programs aimed at decreasing the dependence on
jiomported oil through the development of alternative energy
sources =~ solar, coal and biomasc, A large fraction of
India's proven coal reserves contains 30 to 50% ash,
Conventional power plants find difficulty with these coals due
to wear, erosion and flame stability, Recent combustion
technology, such as fluidized-bed combustion, has the
potential of using these low calorific value coals with fewer
problems. In the long term, fossil fudls will be replaced by
other resources, the principal candidate being biomass. For
biomass to fill this role, a sustained program of resources
management and raforestation is necaessary to stop
deforestation in the near term and insure sufficient renewable
resources in the long term chrough the use of rapid growing
spoacies,

In 1983, a cooperative effort == The Alternative Energy
kesources Development Project =~ between tha Government of



India and the United States was approved, The overall
objective of the project was to expand India's capability of
exploiting its energy resources to a st. e of application.
Over a three year period, from about 1id-1983 to about
mid-1986, several collaborative projects were to be developed
to reduce India'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 goals of the Alternative Energy Resources
Develcpment (AERD) 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
AERD project 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
characteristics of the various components and subprojects,

2.2.1 Biomass Production

Biomass production is a crucial element in India's energy
future. In the short term, it is imperative that measures be
taken to stop deforestation and to provide sufficient
quantities of woody biomass to support the needs of the rural
and urban users of this nonconventional resource, while, in
the long term, it is essential that sufficient wood biomass be
available to substitute for and reduce the need for imported
fossil fuels. The GOI has recognized the key role of woody
biomass in the country's energy future and has established two
biomass research centers, one at the National Botanical
Research Institute (NBRI) 4in Lucknow and the other at
Madurai~Kamraj University (MKU) in Madurai, with the objective
of promoting result-oriented development work and of




COMPONENTS :

SUSPROJECTS:

PARTICIPANTS:

FIRDING: *

TINE FRAME:

Biomass Production

1. Productica of
wood biocmass on
sub-standard soils

2. RiD studies of
woody bicmass
species on arid
marginal lands;
lab/plantation
approach

1. N8RI (India)
2. MXU/BU (India)
W1 (Us)

1987-1989%

Biosmass/Coal Conversion

Biomass

1. Gasifier using
charred residues.

2. Producer gas
in small engines

3. Wood-based
gasifier/engine

1. IIT (India)

2. IIT (India)

3. JSEI (India)
PETC (US)

0.9

Apr. B4-End B6

Table 2.1. Sumsary Description of the Altermative Energy Development Project.

Energy Efficiency
Coal

1. Freeboard
performance

1. Efficiency in
industry

2. Scale-up of
AFBC boilers

3. Hot gas clean-up

4. Cold gas clean-up

5. Coal/water slurry
6. Coal beneficiation

1. BHEL (India) AIEI (now CEI-

2. BHEL (India) India)
3. BHEL (India) NAS (US)
4. RRL (India)
S. CFR1 (India)
6. CFRI (India)
PETC (US)
2.5 0.7
19G3-1986 Sep. B4-Mid B7

®* Funding: Approximate - Millions of U.S. dollars including host country contribution.

Information Exchange

2.

1.
2.
3.
4.
5.

Field Test of

polymer film solar
collector

Energy modelling

Low-head hybrid
micro-hydel system

100KW biogasifi-
cation system

Thin film technology

STEC (India)
TERI (India)
AHEC (India)
GEDA (India)
STEC (India)

1/2/5. BNL (US)
3/4. BU (US)

0.6

1986-1968

°'s




accelerating demonstration projects., In addition to the
activities pursued at these biomass centers, other activities
include forest surveys, establishment of an 1Institute of
Forest Management (IFM), research programs at State Forest
Departments, Agricultural Universities and various institutes
as well as State social forestry projects.

The biomass production components of the AERD 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/Bharathidasan University (MKU/BU) . These
subprojects are designed to reinforce the capabilities of the
two blomass centers “hrough collaborative activities with U.S.
teams and/or individuals., The U.,S, collaborative activities
will be coordinated by Winrock International (WI).

h detailed implementation plan and schedules have

recently been proposed; the project duration is 36 months
starting in early 1987,

e 7 4y Biomass and Coal Conversion

This component addresses the problems of conversion of
biomass through the generation of producer gas (gasification)
and the use of this gas in internal combustion engines and of
the utilization of low quality Indian coals through fluidized
bed combustion technology and various methods of coal
treatment,

The biomass conversion part of this component focusses on
the development and field testing of small (range of 3 to 5
KW) gasifier-engine sets designed to provide mechanical power
for dirrigation. Agvicultural machines and captive power
generation consume 35 to 40% of the total diesel fuel oil sold
in India. fThere are about 3.6 million diesel engine-pump sets
in India today; their size ranges from 3.7 to 15 KW, The
number of units is expected to increase each year, It {is
expected that biomass gasifiers will replace a significant
number of diesel operated units, thus saving pubstantial
amounts of diesel fuel.

The biomass subproijects included in this component are:

1% Development of a Village-Level Gasifier Using Charred
Agricultural Residuen

This subprojact is conducted at the Indian Institute of
Technology (IiT), New Delhd, Department of Chemical
Engineering.




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 as a single gasifier-engine-pump
set. This subproject is conducted at the IIT, New Delhi,
Department of Mechanical Engineering.

3% Development and Field Implementation of Small Wood-Based
Gasifier-Engine Systems (5 to 30 HP)

This subproject concentrates on the wutilization 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, Gujarac. The
subprojects were initiated in April 1984 and are scheduled to
be completed by the end of 1986.

The coal conversion part of the component includes the
six following subprojects:

1% Coal Beneficiation.

Indian coals contain a large amount of mineral matter
that mechanically and economically place burdens on a
combustion system. Methods to reduce the ash content of coal
are obviously desirable, but, in addition, improved
beneficiation can make other coal resources available such as
rejects from a coal preparation plant. Cyclones are known in
coal cleaning systems but are usually for particles larger
than 28 mesh (0.6 mm)., Indian coals require finer grinding to
separate the coal from the non-combustible mineral matter.
Cyclones provide the centrifugal force used to concentrate the
less dense coal.

This project is underway at CFRI, Dhanbad,

2. Rheology, Stability and Combustion of Coal-Water Mixtures

TCWH) .

The complexity of non-Newtonian systems, wherein fluid
flow is influenced by suspended solids, provides a unique set
of problems. The hydrophobic properties of coal require the
control of additives and the presence of a relatively large
amount of water can influence the flame properties when the
coal burns. However, a slurry system is a safe and efficient
way to transport coal.

Basic work on this project is being conducted at the
Central Fuel Research Institute (CFRI) at Dhanbad. Combustion
tenting will be done at BHEL-Trichy.




3A. Evaluation of Freeboard Performance in a Fluidized Bed
Combustor,

Parameters to be evaluated are heat transfer, dust
loadings, combustion efficiency and gase .s emissions. These
data will be the bazis for the design of small commercial
boilers, i.e., up to 30 MWe.

This research is being done at Bharat Heavy Electrical
Ltd, at Trichy (BHEL-T).

3B, Atmospheric Fluidized Bed Combustor (AFBC) Scaleup.

A 150 ton of steam per hour unit was designed and the
drawings, specifications, and scaleup details were prepared,
The final design was reviewed by engineers at TVA in the U.8.

This work was also done at BHEL, Trichy.

4. Hot Gas Cleanup.

The purpose of this project was to design and build a
fully automated test rig and to evaluate the performance of
high temperature filters for the removal of particulate
master. Hot separation will result in significant savings in
equipment and reduce heat losses.

This work is being done at the curporate RLD laboratories
of BHEL at Hyderabad (BHEL-H).

5. Cold Gas Cleanup and Separation.

Cold gas cleanup is primarily for the sorption of
pollutants in process gas streams as well as particulate
removal., DBoth adsorptive and membrane technologies will be
used, Adsorption can take place on materials such as charcoal
'+ silica gel. Membranes can control the diffusion of gases
across polymer films.

This research is underway at the Regional Research
Laboratory at Hyderabad (RRL=H).

The subprojects were initiated between 1982 and 1984 ana
were scheduled to be completed by the end of 1986, Because of
unavoidable delays, some projects received additional funding
for their continuation and extension,

The Pittsburgh Energy Technology Center (PETC) under a
Participating Agency B8Service Agreement (PASBA) s managing
these biomass and coal cooperative projects; its Indian
counterpart is the Department of Non=Conventional Energy
Sources (DNES =~ GOI),
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el devc ke Energy Efficiency

The original project paper proposed a U,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
energy control, energy management, traffic control, engine
technology, transportation planning, and other technologies
available in the United States,

The Association of Indian Engineering Industries (AIEI)
== 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
representatives of industry in their respective countries and
it is anticipated that through their collaborative efforts, an
effective channel for energy efficiericy technology transfer
will be established.

Contract negotiations with NAS were concluded in 1984,
The agreed-upon scope of work focussed on energy efficiency in
industry, the original transportation subproject Dbeing
abandoned.

A first visit to India by NAS representatives took place
in 1985, During the wvisit, an approach of interactive
workshops was defined to achieve the goals of the program,
Activities proposed under the program included three
visits/workshops in India, a visit/workshop in the U.S. and
the transfer of some software., No formal program plan was
established for these activities. The series of activities
mentioned above will be considered as the subproject pursued
under the energy efficiency component and will bu the object
of the review presented in Section 4,

2.2.4 Information Exchange

One of ¢the functions of the Indian Commission for
Additional Sources of Energy (CASE) is to provide a data bank
on all aspects of new and renewable energy sources., The
purpose of this data bank {s to disseminate technical
information and to provide guidance to potential users of
ranewable energy systems. To achleve these objectives it was
originally proposed to develop a formalized link between CASE
and information sources in the United States 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 collectors developed at Brookhaven National
Laboratory (BNL) wunder climatic conditions prevailing in
India. The BNL design offers the double advantage o©f 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 Planning Model for
Non-Conventional Enerqgy

This subproject called for the development of a national
planning model which will enable governmen'; policy makers to
analyze and evaluate the impact of non-conventional energy
technologies on the overall economic picture of the country.
The work was conducted at the Tata Energy Research Institute
(TERI), New Delhi, with the collaboraticon of BNL.

3% Low~Head Hybrid Micro-System

This subproject involved the development of a micro
processor controlling system for automatic and efficient
management of loads connected to low-head ¢tuv.bine plants,
training of Indian scientists in electronic load control
systems, setting-up a facility for the design of electronic
controllers and the procurement of a low-head U.S5. made
turbine to the tested, in parallel with other units, at a site
under development in Kakroi. The Indian investigator is the
Alternative Hydro Energy Center (AHEC), Roorkee University,
Roorkee; its U.S8., counterpart 4is Boston University (BU),
Boston, MA.

4, One Hundred Kilowatt Gasification System

This subproject calls for the installation of a
demonstration biomass gasification plant of 100 KW capacity
for captive power generation., The system will be linked to a
dairy plant and to an oil mill complex, The demonstration
will take place at Junagahd, Gujarav, under the management of
the Gujarat Energy Development Agency (GEDA),.
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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 systems
design capability and evaluate the current and projected
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 1is to
determine whether the original objectives of the AERD project
have 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 USAID further financial support.

pdyR Jra | Approach

The Scope of Work for the evaluation team calls for a
review of each of the subprojects included under the four
components of the AERL project. For each subproject, a number
of aspects of the subproject will be reviewed and discussed,
A standard format for reviewing the subprojects will be
followed whenever possible. This format is shown in the next
section.

USAID is currently implementing a new six year project,
the Energy Research and Enterprise (ERE) project which will
support selected research and technology development proposals
while seeking to create an institutional enviconment for
relevant technology innovation in the energy sector. Some cf
the subprojects included in the AERD project could ba
candidates for further development under the proposed ERE
project and have, therefore, been evaluated with this
potential in mind,

Before leaving for India, the evaluation team
familiarized itself with the prsject, its components and
subprojects, through briefings, meetings and conversations
with U.S8. representatives invnlvaed in the implementation of
the project,

In India, the team attempted to contact U.S5. and Indian
representatives involved in the project., Saeveral site visits
to various subprojects were also undertaken. A list of
contacts and visits mada during the evaluation process is
shown as Appendix A.
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In India, the evaluation team coordinated its activities
with those of a World Bank team involved in assessing the
potential for commercialization of renewable energy
technologies.

2:3e2 Format for the Evaluation of Subprojects

The format adopted for the evaluation of subprojects
includes twelve headings each covering a particular aspect of
the subproject considered; for each topic, some typical
gquestions raised during the evaluation are mentioned.

a. Project Description and Selection Criteria

Brief description of project and reasons for its selection,

° Were selection criteria reasonable?
5 Are selection criteria still valid?
° Does project address short/long term energy

problems of India?

° Could another technology, at the same scale,
achieve similar results?

D Progress to Date

Summary of progress at time of evaluation.

Co Attainment of Objectives

® Were objectives of subproject clearly defined?
© Were stated objoctives of subproject achieved?
° Were objectives of component achieved through

this subproject?

- Wore overall objectives of project achieved
through this subproject?

d. Barriers and Constraints

- Were there barriers/contraints which prevented
attainment of objectives?

® Were actions taken to overcome Dbarriers/
contrainte?

© Could other actions have been taken to overcome
barriers/contraints?




e, Procurement Efforts

© Did subproject call for transfer of equipment
(data, software,)?

° Did transfer take place?

- Were there problems/delays in transfer?

° Reasons for problems/delays.

° What actions were taken to overcome problems/
delays?

f. Management Effectieness

° Were goals and schedulos of subproject clearly

defined?

s Was support provided (budget, financing,
information, data, “raining, specialized
personnel, etc,)?

B Was contact maintained with subproject
personnel?

2 Was interaction with other subprojects
establishad and encouraged when needed &and
justified?

- Did management personnel follow=up on requests
for intervention from the subproject?

- Was there too much/too little management
intervention?

The management effectivenass of DNES and of USAID will
be reviewed,

q. Effectiveness of U.8, Technology Transfer
. Did U.8, organizations involve the private
sector?
- Has this resulted in expanding access to U.S,
technology?
° Will contacts/interaction be maintained after

conclusion of project?

. Are licensing/manufacturing/export agreements
likely to result from technology transfer
activities?




Relevance of Technology Selected

@ Is technology appropriate for Indian energy
sector?

° Can technology be replicated without USAID
technical/financial assistance?

® Does capability to operate/maintain exist?

© Are there perceived barriers to
commercialization (other than economic factors
considered under 3. below)?

@ Are approaches available to overcome perceived
barriers?

Relevance of Collaborative Effort and Study Tours

° Was U.S5. contribution to collaborative effort
(subproject) appropriate? too much? too
little?

° Should another approach have been chosen?

- Were study trips, visits and training J/n U,S.
effective? too little? too much?

e Was there reluctance from U.S. organizations to
participate in study trips, visits, etc.?

Economic Viability of Technology

° Are data available to make valid economic
avaluation?

@ Based on data available, does technology appear
viable?

° What further data are needed to perform
raeliable economic evaluation?

- Is economics a serious barrier to commerciali~-
zation?

- What approacl.es are avallable ¢to overcome

economic barriers?

Institution Building Efforts

- Did the program result in increasing the
technical capability of the institution
involved?

14




Will this increased capability be maintained
after termination of the program?

Will the increased capability be used and
contribute to further development in the area
of non-conventional energy?

1. Utility and Importence of Effort -- Recommendations

Positive/negative impacts of project without
follow-on activities.

Are objectives still relevant?
Should further activities be supported?

Recommendations for further involvement,

15
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3.0 PROJECT ASSESSMENT

This chapter presents detailed assessments of the various
subprojects actively pursued ac Lhe date of this evaluation,

3.1 Biomass Production

Info.mation regarding this project could only be obtained
a few days before the end of the stay in India, The
evaluation is based on conversations with Dr, O.,P., Vimal,
DNES, and Dr. C.R. Hatch, USAID, and on a review of the
program plan submitted in October 1985 by Winrock
International, the U.S5. contractor selected.

a. Project Description and Selection Criterla

The original intent, expressed by the GOI and AID, was to
reinforce the capability of two biomass research centers, NBRI
and MKU/BU, to provide support for the on-going reforestation
projects i.e. provide research support for short-term
objectives,

As the project evolved, and largely because of the
academic perspective of the institutions involved, the project
evolved into a fundamental rescesich project addressing various
aspects of forestry (nursery operations, plant stress, etc,).
These problems must certainly be addressed but they are
long=term objectives which do not address the immediate needs
of current social forestry programs.

One of the major problems faced in this case is that the
institutions irvolved have little contacts and few channels to
interact with field people engaged in forestry programs; like
most academic research institutions, the two Indian
institutions involved have little interest in pursuing the
practical implications of their research efforts,

b, Progress to Date

The project was initiated recently and training
activities of Indian personnel have been initiated.

c, Attainment of Objectives

In its current form, the project will not achieve the
original objectives of AERD (see a., above),

d/a, No comments at present,
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f. Management Effectiveness

Project discussions were initiated in 1982, Delays
occurred in developing the project, mostly because of the
transfer of the proposed activities from CASE to the newly
formed DNES.

The work plan calls for annual progress reports to be
issued by the two Indian institutions. Based on the
experience gained from other projects, it is suggested that
more frequent (quarterly or at least semi-annual) reports be
requested, It is recognized that scientific research cannot
be kept on a tight and predictible schedule, but reports
identifying progress, problems, delays, etc. are needed to
insure effective monitoring of the projects.

g,h,i,3: No comments at present.

Xs Institution Building Efforts

The projects should increase the capability of the
institutions involved for conducting long-term fundamental
research. Some means should be found to orient this
capability towards nearer term objectives.

1, Utility and Importance of Effort - Recommendations

There i3 little doubt that the project, as originally
conceived, could provide much needed support to social
forestry or other reforestation projects. In its current
proposed form, with emphasis on long-term research, the
project will not have ius intended impact in the near-term.

Recommendations include:

1. Improve the proposed monitoring procedures by
requesting quarterly progress reports. This
should be initiated by WI with the support of
AID and DNES.

2, Establish contacts between field people (social
forestry group, etc.) and the research
institutions, The objective is to suggest
resaarch topics of a fundamental nature which
could be of immediate interest to the field
people, This is not an attempt at restricting
academic freedom but rather of focussing
fundamental research on topics of immediate
interest, Such interaction could be




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

3.2 Biomass/Coal Conversion

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

S drp Development of a Village-Level Gasifier Utilizing
Charred Agricultural Pcsidues

a, Project Description and Selection Criteria

A prototype system was to be developed wherein charred
agro-wastes, A gasifier and a gas 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
engine driving an irrigation pump.

This subproject was selected for a number of reasons:
availability of ~ubstantial quantities of agricultural wastes,
availability of a technology for converting these wastes into
charred fuel of reliable quality, increasing rnumber of small
diesel pumping units indispensible for maintaining and
expanding agricultural output, and increasing demand for
imported fossil fuel by the agricultural sector. Despite the
recent stabilization of world oil prices which may reduce the
drain on India's financial resources in the short-term, the
long~-term focus of the project, i.e., to reduce dependence on
imported fuels and switch to indigeneous resources is still
valid.

Gasification of wood, charcoal, coal or other materials
is an old technology which has proven its usefulness, among
other, during the Second World War in Europe where hundreds of
thousands of units were used for years. The technology has
limitations, start-up time, low quality gas, etc., but given
the emphasis placed in India on the replacement of fossil
fuels, it is a promising option for numerous applications,
from low power rural to larger industrial applications. The
current gasification projects, sections 3.2.1, 3.2.2, 3.2.3
and 3.,4.4, aim at exploiting this alternative technology.

Other technologies which could achieve the same objective
of providing dispersed, small scale, mechanical power include
photovoltaic sets or bilogas operated engines. Photovoitaics
appear to be much too expensive in the foresecable future to
be a realistic candidate for the application considered,
Biogas production from animal wastes and its use in engines is
a demonstrated technology. Few rural families, however,
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appear to own enough cattle to generate enough biogas for
their basic daily needs (lighting, cooking-usually the prime
objective of biogas) and for pumping power,

b. Progress to Date

At the onset of the project, a detailed program plan
including clearly defined objectives and schedules was
established. Essentially all the objectives were achieved
within the timeframe proposed.

A small down-draft gasifier was developed and operated at
the Chemical Engineering Department of ITT, New Delhi. The
feed material .1s charred biomass. The design incorporates
considerabie flexibility, such as,

° The throat and reduction zone are a single
piece for easy replacement and maintenance,

a Tuyere openings are at two levels and proper
adjustment can control the length of the fire
zone,

« The combustion and reduction zones are
insulated to maintain gasifier internal
temperature,

o The use of horizontal and vertical grates
eliminates choking and reduces pressure drop,

e An additional ash removal port is provided,

e A shaking grate facilitates ash removal

The gasifier operates on briquetted and charred biomass.
About 70 percent replacement of diesel fuel is possible with
compressicn ignition (diesel) engines. After laboratory
testing and improvements to remedy the problems noticed, a
field trial unit was fabricated and integrated with an
engine~-pump set (developed under the second biomass subproject
- gee Section 3.2,2,) and field tested,

Table 3.1 summarizes the main achievements of this
subproject, The technical work is of very good quality and
well documented through periodic workshop reports. The field
unit tested is a laboratory prototype/demonstration unit which
lacks engineering sophistication., This was illustrated during
the site visit when some operational problems occurred ==
loosening of producer gas inlet pipe from engine, water
seepage from cooling towar to engine.

The economic evaluation document provided is somewhat
simplistic, Obviously not enough data are avallable for a
full economic review, but a sensitivity analysis evaluating
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Table 3,1 Biomass Conversion Subproject: Development of
Village~Level Gasifier Using Charred
Agriculture Wastes - Progress to End 1986

Fuel Specifications.

Gasifier Design/Development/Operation (Laboratory).

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

Field Operation of Commercial Unit (Gasifier-engine-pump).
° Engine: 5HP
@ Cumulated Operating Hours: 120
° Diesel Replacement: 67 to 72%
@ Char Consumption (dual mode): 1.2 Kg/KWH
° Diesel Consumption (dual mode): 0.33 1/KWH

@ Diesel Consumption (diesel only): 1.1 1/KWH
(At Rs., 4/]1 = Rs, 4.4/kWh = §$,33/KWH)

° Operator: Local farmer (trained and supervised)

Documentation Manuals:

. Engineering Drawings (not completed)

@ Operation/Maintenance Procedures (not completed)
B Environmental/Safety Procedures (not completed)
® Economic Analysis (completed)

Socio=Econcmic Impact Assessment (not completed).
Training and Visits in the U.S.

Transfer of Equipment from the U.,S.

Yearly Workshops in India.

Final Report (in preparation).

B Y
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the impact of the major cost parameters (capital costs,
interest rates, depreciation period, fuel costs) could have
helped in defining the range of economic viability of the
system. One assumption is particularly questionable: it is
assumed that agrowastes have zero cost, Agrowaste, if truly
unused, may have =zero intrinsic value but they must be
collected and converted to charcoal. Even if the farmer
performs these tasks himself, the diversion of his time from
other activities has a cost,

The unit is operated in a sugar cane growing area =--
potential residues are cane, leaves and/or bagasse -~ but is
operated on charred corncobs. This "mixed" situation results
from the fact that corncobs were used in laboratory
experiments and that no ready-made method was available for
charring and briquetting sugar cane residues. This should be
explored.

Although a comprehensive final report will be issued
shortly (under preparation by A. Talib, Mitre Corporation),
training and other documentation manuals were not prepared.
These would be useful.

During the site visit, thn data recording procedures were
reviewed with Dr., H.S. Mukunda (IIS-Bangalore). Some
modifications were suggested and will be implemented:

© provide a scale to weight input fuel,

® provide a funnel to avoid fuel losses during
loading,

o record total diesel fuel consumption from

beginning to end of each pumping period
(integrated value),

° improve water geal to avoid leaks to engine,
and
@ repair/improve flexible joint between gasifier

and engine.
The overall impression conveyed by the subproject is very
positive and the dedication and enthusiasm of the participants
is obvious.

c. Attainment of Objectives

The subproject had clearly defined objectives and, with
minor exceptions, these objectives were achieved within the
timeframe allocated for the project,

The subproject contributed to achieving the objectives of
the component -~ biomass conversion == in that it provided an
apparently viable method for replacement of diesel fuel by
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renewable waste materials. The subproject also contributed to
achieving the overall objectives of the AERD project by
providing a mean for reducing dependence on imported fuels
while providing an alternative for generating the mechanical
power needed for irrigation,

d. Barriers and Constraints

No major barriers prevented the project from achieving
its objectives., Some minor problems were recorded, such as
minor delays in the transfer of imported equipment from the
US, delay in securing the needed inert gas for operating the
analytical equipment and some orqani:a:?onal problems during
the integration of this zubproject with the second subproject
(see Section 3.2.2). All these problems were solved through
the combined efforts of the parties involved and none resulted
in serious delays for the project,

e. Procurement Efforts

The uasubproject called for the transfer of specialized
equipment from the US to India to reinforce the analytical
capability of ITT in analyzing and documenting its work. Some
delays were recorded in this transfer. In retrospect, the
U.5. contractor responsible for the transfer had the difficult
task of securing, shipping and importing gapecialized
equipment on very short notice, Most problem appear to have
resulted from lengthy and complicated import regulations,
These were straightened out through the intervention of DNES,
It could be suggested that for future projects, some special,
simplified import rocedures should be set up with the
appropriate authorities to facilitate the import of
specialized equipment essential for the successful comrietion
of collaborative projects,

f. Management Effectiveness

Generally speaking, the subproject received adequate
support from both DNES and USAID: financing of the project,
organization of study tours, workshops and visits, and
intervention on special occasions, such as the import of
equipmert, were provided in time and as needed,

g, Effectiveness of U,.8, Technology Transfer

The viesits and training sessions in the US did invelve
university and research centers involved in gasification. 1In
contrast to other technologies, such as fluidized bed
combustion, there are relatively few private entities actively
engaged in small scale gasification of blomass., It is hoped
that contacts established during this program between Indian
renearch groups and U.8, similar groups will be maintained,
No significant licensing or manufacturing agreements are
expected to result from the program,
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h. Relevance of' Technology Selected

The technology selected is capable of providing an
important fraction of the energy required for irrigation using
indigenecous resgources. 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 subproject was designed and
built in India with local resources and personnel; there is
little doubt, therefore that the technology «could be
replicated without further technical help from USAID. The
field operation of the unit was conducted by a farmer, after
appropriate training and it seems, therefore, that the
potential exists “or commercializing the technology.

The subproject, however, included only one experimental
unjit. Before engaging in an extensive dissemination effort,
it is recommended that further demonstration, precursor to
commercialization, be undertaken., Such larger scale
demonstrations could probably be part of an Energy, Research,
and Enterprise (ERE) project, should some manufacturer be
interested in the technology, which appears to be the case.

1% Relevence of Collaborative Effort and Study Tours

The PETC management team showed much dedication and
enthusiasm for the project. This has been acknowledged on
numerous occasions by their Indian counterparts. A few
supplementary visits by U.S. personnel may have been useful at
some critical stages of the projects, 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
activities were very supportive of the project and its goals,

All Indian scientists interviewed who were involved in
these sessions expressed their satisfaction; it was mentioned
that a somewhat longer stay (1 week) at the University of
California, Davis (Prof. J. Goss) laboratory would have been
welcomed in view of the abundance of information to absorb.

I Economic Viability of the Technology

The preliminary economic analysis made by IIT suggests
that a gasifier opirated 1,500 hours/year could pay for itself
in approximately two years. This appears optimistic in view
of the comments made in Section 3.2.1.b above (zero fuel cost
for example) and in view of the fact that standard irrigation
needs appear to be closer to 1000 hours/year than to 1,500
hours.
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As of now, the economic analyses can only be considered
as preliminary because many characteristics of the system are
not sufficiently defined and neither are some of the costs
involved. Further data should be gathered on useful life of
the systems, maintenance costs, spare parts costs, unit cost
for large scale production, charred fuel costs and its
regional variation, etc. A large scale demonstration project
such as was mentioned in Section h above could answer these
questions.,

K. Institution Building Efforts

Through this subproject, IIT, Chemical Engineering
Department, has increased its research capability in the area
of biomass fuel characterization and gasifier development.
The department is involved in other biomass conversion
projects (stoves, char preparation,...) which could also
benefit from the increased analytical capability. The
scientists trained in the U.S. have now received appointments
at the University, thereby ensuring that the expertise gained
will be maintained in the future.

1% Utility and Importance of Effort - Recommendations

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

The experience gained so far from the demonstration unit,
however, is limited: economics, infrastructure needs, asocial
impacts among others are not clearly defined. An attempt at
immediate commercialization could result in less than optimal
success and disaffection and disinterest by potential users
because of the potential negative impact of some of the
unresolved issues. Two follow=up activities are suggested:
extend field testing of the unit to at least several hundred
hours and explore the problem of preparation of a suitable
fuel based on local wastes. The latter task should include
material and energy balances and careful record of labor time
as described in Chapter 5.

3.2.2 Utilization of Producer Gas in Small (3=-5HP) Utility
Engines

After a laboratory/development phase, this project was
integrated with the gasifier described (n Bection 3.2.1 to
conduct fleld trials of a complete gasifiecr-engine-pump set,
Although the two nubf:ojects ware conducted in two different
departments of IIT, their evolution paralleled each other to a

large extend and, therefore, some of the comments made in
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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 HP diesels) were
to be modified for efficient vtilization of producer gas. The
engineering studies evaluated performance, emissions and
materials compatibility; standardized procedures for the
testing of fuels, gas and engines and for modifying engines
were to be developed. A field trial unit to be integrated
with the gasifier developed under subproject 3,2.1 was to be
built and tested.

This project was selected for essentially the same
reasons as project 3.2.1 (see Section 3.2.1.a).

b, Progress to Date

Essentially all the objectives stated in the original
detailed work plan have been achieved within the timeframe of
the project.

Testing procedures for fuel, producer gas and engine were
developed. Engine modifications for conversion from diesel to
dual-fuel operation were optimized and standardized and a
field unit was tested, Unfortunately, only about 120 hours of
actual field testing were logged.

Table 3.2 summarizes the main achievements of this
subproject. Comments similar to those made about Table 3,1
appiy in this case,.

Data is also currently generated regarding lubrication
oil degradation and engine wear.

c. Attainment of Objectivaes

See Section 3.2.1.c.

As indicated above, unfortunately, only about 120 hours
of fileld tests were possible within the timeframe of the
project., Although these have clearly demonstrated that this
system is viable, longer periods of testing are necessary to
fully evaluate the cechnical porformance of the system,

d, Darriers and Constraints

fee section 3,2.1.4,

e, Procurement Efforts

fee Bection J.2.1.e.
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Table 3.2 Biomass Conversion Subproject: Utilization of
Producer Gas in Small Engines - Progress to End
of 1986,

Development of Test Procedures (fuels, gas, engine).

Development and Standardization of Engine Modifications
(intake, fuel system, regulation/control).

Testing/Optimization of Modified Engines (short/long term).
Fabrication/Testing of Field Trial Unit (Integration of
modified engine with gasifier developed in first biomass
conversion subproject),

Field Operation of Demonstration Unit (gasifier-engine-pump)*

Documentation Manuals

@ Engineering/Assembly Drawings (not completed)

B Retrofit/Operation/Maintenance Procedures (not
completed)

° Environmantal/Safety Procedurss (not completed)

® Economic Analysis (see project 3,2.1)

Training/Visits in the U.S,
Transfer of Equipment from the U.,S,
Yoarly Workshops in Irdia,

Final Report (in preparation)

* Summary Operational Characteristics for the set are shown in
Table 3.1,




f. Management Effectiveness

See Section 13.2.1.f.

g. Effectiveness of U.S. Technology Transfer

See Section 13,2.1.q.

h. Relevance of Technology Selected

See Section 3.2.1.h.

1. Relevance of Collaborative Effort and Study Tours

See Section 3.2.1.4.

3. Economic Viability of the Technology

See Section 13.2.1.3.

K. Institution Building Efforts

Through the collaborative effort, IIT, Department of
Mechanical Engineering, has increased its capability for
fuel/engine tes<ing: the diagnostic equipment and training
received, combined with existing test engines, created a
nucleus capable of conducting effective engine-related
studies,

1t should also be noted that, by being involved in field
trials, both the Department of Chemical Engineering and the
Department of Mechanical Engineering have gained insight and
experience in transfering technology from their academic
environment to the real life environment,

1. Utility and Importance of Effort - Recommendations

See Section J,2.1.1.
At presant, no follow=-up work is envisioned except

collaboration with the Chemical Engineering Department, if
follow=up work is conducted there, on an as-needed basis.

J.2.13 Development and Fileld Implementation of a Wood=
Nased Gasifier/kngine Syatem (5 to 40 HP)

a. Project Description and Selection Criteria

A reliable wood=based gasifier and gas clean~up system
wag to be developed and the clean gas fed to 5 and 30 WP




compression ignition engines. Field trials were to be made in
rural areas. This subproject is meant to capitalize on the
experience in gasifier technology accumulated at the Jyoti
Solar Energy Institute (JSEI) over cthe years. Besides the
technical development, a socio-economic impact assessment was
planned., It would establish a profile of the village selected
for the field trial, determine the availability of wood fuel
in the region and quantify the economic and social benefits to
be derived from the gasifier/engine set.

This project was selected for the same reasons as the
other gasifier project (Sections 3,2.1, and 3.2.2.):
increasing number of diesel-opccated irrigation pumps and
desire to decrease the dependence of the agricultural sector
on imported fuels,

In view of the current deforestation problems and of the
difficulty and cost of obtaining wood fuel in some areas of
the country, the selection of a wood-based technology could be
regarded as unwise. The project must, however, be looked at
in the broader context of progressive substitution of wood for
fossil fuels through the implementation of "energy forests"
which, if successful, will provide significant amounts of wood
fuel. This subproject thus complements the subprojects
conducted under the Biomass Production component of the
overall AERD project.

The work was conducted at the JSEI, now renamed Sardar
Patel Renewable Energy Research Institute (SPRERI), in Vallabh
Vidyanagar, Gujarat, and at the close-by site of Johr; the
U.S. counterpart was the PETC team,

b. Progress to Date

A small demonstration unit installed at the village of
Johr runs a 3.7 kW diesel engine-pump set, It is a down-draft
system with an output of 12 N cubic meters/hr. (about 400
c¢fh). The combustion zone operates at about 1,100 degree
Centigrade and the outlet gas is cooled at about 125 deg, C,
The cleaned gas is fed to a 5 HP Field Marshall engine that
operates at 1,500 RPM and has a pump output of 15 1/s (about
200 gpm) . :

The farmer who operates this gasifier-engine unit was
*raired in its operation and maintenance by the JSEI and keeps
a log of all inputs and outputs. The system uses wood blocks
falbout 5 em x 1.5 cm dia.), moisture content about 10%
(estimates) prepared by the farmer., Over 1,000 cumulated
nours of well documented operation have been accumulated., A
prelimirary economic analysis has been performed,

"able 3.3 summarizes the main accomplishments of the
subproject,
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Table 3.3 Biomass Conversion Subproject: Development and
Field Implementation of Small Wood-Based
Gasifier Engine System - Progress to End of
1986,
Fabrication and Testing of Field Trial Unit,
Training of Personnel,
Field Operation of Trial Unit
° Engine: 3.7 KW
° Commulated Operating Hours: 1,100
e Diesel Replacement: 70% (about)
° Wood Consumption: 3.4 kg/hr
° Diesel Consumption (dual mode): 0,27/hr.
« Diesel Consumption (diesel only): 0.9 1l/hr.

° Operator: Local farmer (trained and supervised)

Documentation Manuals:

° Engineering Drawings.

° Operation/Maintenance Procedures.
- Safeoty Procedures

- Cost and Economic Analysis

- Environmental Impacts

Training and Visits in the U.S,
Transfer of Equipment from the U.S.
Yearly Workshops in India

Final Report (in preparation)
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The development work is of very good quality and well
documented, The field unit tested is more engineered than
that tested in the other programs (Sections 3.,2.1 and 3,2.2,);
this probably reflects the field experience gained previously
by SPRERI while conducting a gasifier project under a Ford
Foundation grant., Start-up time of the units was about 5 to
1U minutes from the time of lighting the fuel to switching to
dual~-fuel opuration,

The socio-economic document is somewhat limited in scope.
Because only one unit was tested, the impact of gasifiers on
the social structure of the village cannot really be
evaluated., The proposal called for an evaluation of wood
availability in the area which is missing, The economic
analysis, while taking into account fuel delivery and
preparation costs, does not include a sensitivity analysis.
Further, the amounts assigned to capital recovery and interest
do not appear to be correct (the method of calculation is not
provided.)

During this visit, it was agreed to provide the farmer
with a scale in order to obtain more reliable fuel input data.

The original proposal included the development of systems
ranging from 5 to about 25 HP. Due to budgetary constraints
the project was limited to 5 HP units,

The overall impression from the projects is very
favorable: there is a concern for engineering and much
dedication to the project.

C. Attainment of Objectives

The subproject had clearly defined objectives)
euentlallz all the tachnical objectives have been achieved
and well documented., The socio-economic analysis originally
planned was not fully completed; this is mostly due to the
fact that the subproject included only one demonstration unit
5rom which it is impossible to derive significant statistical

ata,

The subproject contributes to achieving the objectives of
the component == biomass conversion == in that it provides an
apparently viable method for displacing significant amounts of
diesel fuel throuTh the use of a renewable resource
potentially available in many parts of the countcy. The
subproject also contributes to achieving the overall
objectives of the AERD project by provldsn? a method for
reducing dependence on imported fuels while offering an
alternative method for generating the mechanical power needed
for agricultural development, As noted above, the full
benefit of the technology will only be reached when a reliable
supply of wood fuel ean be secured,
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d. Barriers and Constraints

No major barriers prevented the project from achieving
its technical objectives. Some problems were recorded, such
as delays in the transfer of imported equipment from the U,S.
These problems were resolved through the efforts of the
parties involved without interfering seriously with the
outcome of the project.

Delays were incurred in obtaining the gas for
calibration. Some shipments reached the site with some parts
of the equipment missing. The contents were apparently not
checked by the procurement subcontractor (checking would have
resulted in further delays becaute of unpacking and
repacking) .

Q. Procurement Efforts

The situation was the same for this project as was the
case for the other subproject (see Section 3.2.1.e.). Added
to this was the problem of missing components mentioned under
d. above.

L Management Effectivencss

The same comments that were made in Section 3.2.1.f. also
apply in this case,

g. Effectiveness of U.S. Technology Transfer

See Secticn 3.2.1.9.

h. Relevance of Technology Selected

The technology selected 1is capable of providing an
important fraction of the mechanical energv required in
agriculture (irrigation, small mills, etc.) as well as
electricity in dispersed locations.

The unit demonstrated in this subproject was designed and
built in India, in fact improved on previously developed
Indian technology, using local resources and personnel; there
is little doubt, therefore, that the technology could be
replicated without further technical help from USAID. The
unit was operated by an enthusiastic and dedicated farmer,
after appropriate training and under supervision, as neaeded.
It sooms therefore that the potential exints for
commerc.’ sization,

The subproject included only one experimental unit,
Before engaging in an extensive dissemination effort, it is
racommended that further demonstrations be conducted; this
could probably be achieved through ERE programe.




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 3.2.1.1.

j. Economic Viability of the Technology

The preliminary economic analysis of the performance of
the demonstration unit indicates that, at current 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 power versus Rs. 1.07/KWH for diesel fuel
only. These estimates 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 similar analysis made by the evaluation team (see
Appendix C) suggests that, under the conditions assumed in the
previous analysis, the gasifier will not be competitive with
diesel fuel. The main difference between the two analyses is
that the evaluation team uses a conventional capital recovery
formula while the project analysis appears to use only a
yearly interest charge on the capital.

These preliminary analyses must be considered with
caution; many elements of the analysis are still ill-defined
-=- cost of gasifier under large scale production conditions,
cost of wood fuel when adequate supplies will be available
through short rotation forestry, actual lifetime of the
system, maintenance requirements after long periods of use,
utc., The analyseyr also suggests that the economic viability
of the system is probably quite site specific;'areas where
electricity is available under current supported rates are not
good candidates for the technology, for example,

K. Institution Building Efforts

Prior to implementing the project under review, the JSEI
had already been involved in the development and operation of
gasifiers, Through the subproject, the capability of the JSEI
has been increased through the transfer of analytical
equipment and techniques and through the training received and
experience gained by the staff involved in the project. The
JSEI can be be relied upon to provide effective support for
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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, social impacts,
among others, are not clearly defined. These data can
probably be generated through ERE initiatives.

Most economic studies show that wood fuel is a major
component of operating costs., The cost ol “ood for the unit
tested is high (about Rs. 500/metric ton or Rs. 0.50/kg). To
this cost, transportation costs of Rs. 0.013/kg and
preparation (of wood blocks) cost of Rs. 0.32/kg must be
added. As performed now, wood preparation is done manually.
If the technology is to progress, mechanical or semi-
mechanical wood preparation processes must be established., It
is recommended that a small research effort be undertake along
these lines.

Coal Conversion Projects

As was already mentioned, there are six subprojects
pursued as part of this fossil fuel combustion investigation.
The emphasis changed little from the projects in the 1982
proposal and the overall objective remained the same, namol{
that India become self-sufficient in energy to develop al
forms of indigenous energy resources. The USAID/GOI program
can provide significant support for the ultimate goals, both
in technology transfer and a source for equipment not
available from local vendors.

When the fossil fuel components are organized, the
composite shows a range from the mine to the power plant, To
preserve the continuity of thought, the various subprojects
are discussed in the logical order shown in Figure 1.

The Central Fuel Research Institute of Dhanbad (CFRI=D)
is a distinguished laboratory with a long history of
accomplishment in all phases of coal research, Much of the
equipment is of recent vintage and capable of maintaining its
position in coal technology. Infrastructure is also in place
for coal analysis, petrography, geology and operating

personne., Enthusiasm of the staff for its project is obvious
and the staff is anxious that continued financial report will
be avalilable,
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Equipment in place was observed and open discussions were
held in the field. Ultimately, the review team sat down with
the principal investigators to go over a set of questions
derived from the interests of AID personnel,.

Besides a review of the two projects under the fossil fuel
program, one of us (MDS) has a long standing interest in the
conversion of coal into liquid fuels and chemicals. Both
methods of conversion are investigated at Dhanbad, direct
liguefaction with hydrogen and indirect liquefication, the
catalytic hydrogenation of carbon monoxide. One staff member,
V.A, Krishnamurthy had visited the Pittsburgh Coal Research
Center several years ago.

3.2.4 Ben«ficiation of Fine Coal on a Dense Medium Cyclone

Project Description and Selection Criteria

The addition of a finely ground solid to water produces a
liquid with an apparent density greater than water itself,
about 1,5 times heavier in this work. Thus, coal can be
separated from ash because of their density difference.
Centrifugal force to speed the separation is provided by a
cyclone eight inches in diameter. The unique aspect of this
program is that finer coal is used as compared to normal coal
preparation practice. Indian coals have a very high ash
content and fine grinding is being evaluated as a means to
reduce the ash content of the clean coal beyond the normal
methods., Improvement in ash removal could make more coking
coal available to the steel industry.

Administrative approval from the Government of India was
receivad in September 1984 and the next year was needed to
acquire equipment and construct the pilot plant. Equipment
from the U.8., (an 8 inch Heyl and Patterson rubber lined
cyclone, particle eize analyser, and the Sweco screening
apparatus) were received later so that testing of the
equipment could not be started until February 1986, The
available data are reported in a detailed CFRI report issued
in June 1986, "Beneficiation of Fine Coal in Dense Medium
Cyclone" by A.K., Chakravorti. A significant change in the
equipment was the reduction in the speed of the centritu?nl
type circulating pump, thereby reducing the particle size
degradation, Before slowing down, the pump readings had to be
taken quickly before the size distribution of the coal changed
significantly,

The B8 inch Heyl Patterson cyclone with a 14 deg. angle
was installed as received from the U.85. At a 6:1 dense medium
to coal ratio the ash was reduced from J3.8% to 11 to 12,.6%
for 9 to 100 mesh coal. Finer coal, 7 to 200 mesh was dashed
to the same level. Thirty percent ash in the feed was reduced
to about 208, The yleld of clean coal, however, was much
improved by fine grinding of both coal and the magnetite,




Tha following are responses to specific questions
regarding the benefication of fine coal in a dense medium
cyclone:

The criteria used to select the project were correct,
Cyclones are a commercial piece of equipment but this study
extends the technique to high-ash Indian coals. Finer
grinding of the coals and finer particle sized magnetite place
this process in a new regime. Low ash coals are in demand by
the steel industry.

Proqgress to Date, Procurement Efforts

Overall objectives were reached, separation was
effective and the product could be burned. As with many otler
projects, gotting approval for imports caused long delayn.
The milestones chart in the CFRI report shows that most of tha
useful data taking occurred in the last few months of the
project,

Technology Transfer, Relevance and Study Tour

Institution building efforts were with the Pittsburgh
Energy Technology Center (PETC). Close cooperation was
maintained with the coal preparation engineer who made two
trips to Dhanbad. The group leader at Dhanbad made a trip to
the Pittaburgh station. It is expected that commercialization
will be realized in the 1990s. All the support came from PETC
where coal preparation research is at a high level.
Technology transfer from the coal preparation group was
effective, Ideas for future work evolved from the program and
a seccnd cyclone was designed, built, and put into operation.
The 6 inch cyclone more closely satisfied their needs of
flexibility, Other supportive technoloay included the
separation of magnetite and the oil agglomeration of fine coal
particles., In the agglomeration technique, water is adsorbed
prafentialy on ash and oil on the coal particles which then
stick together or agglomerate. Mixing rate, time and other
factors determine the size and strength of the final product,
usually a ball with a higher heating value than the coal alone
because of the addod 5 to 7% of oil.

Managemant Effectiveness

Both DNES and USAID provided sufficient management to the

cyclona project, The technology selected is relevant,
espacially when combined with cil agglomeration as part of the
coal utilization sequence., Where appropriate, the

concaentration yields a more commercial product., Constraints
include tha availability and cout of oil, appropriate markets
for the better coal and utilization of the ash.
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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 determination of
surface properties and flow rates have been requeasted.

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

Environmental impacts are minimal and perhaps less than
those of other coal systems. Coal and magnetite are moved in
water suspension and the water circuits are closed, that is,
solids are floucated and the clear water is recirculated to
extinction, Tailings and rejects must still be discharged,
often into nearby streams. Underground disposal is possible
but must take into account other mining activities and the
possibility of aquifer contamination.

Recommendations

Cyclone cleaning of Indian <coals should continue.
Although an 8 inch cyclone was provided by USAID, the need for
a six inch cyclone with a different configuration was needed.
The staff took the initiative and built one. Improved cyclone
design combined with a detailed petrographic analysis could
indicate the limits of this method of physical coal cleaning.

The use of a cyclone for coal cleaning provides a safe
and low cost way to handle finely ground coal. Dust formation
and its hazards are eliminated. The coal is also available
for safe transport to a fluidized bed combustor.

< iy &3 Coal Water Mixture Fuel (CWM) = CFRI D

Project Description

This multifaceted program was designed to examine the
rheology, stability and combustion of cosl-water mnmixtures
(CWM), Because of the complexity of non-Newtonian systems,
specialized instrumentation is needed to measure the unique
characteristics of coal-water mixtures., Critical properties
of CwWM are viscosity, particle size distribution, stability,
surface tension, surface area and pH., Equ.pment for these
studies is available in 1India but some instrumentation was
supplied by USAID,

Equipment suitaple for preparing coal particles below 100
mesh with 60% finer than 300 mesh (50« m) was evaluated,
Both run-of-mine coal and demineralized coals were tested
because of the way mineral matter is disseminated within the
coal matrix, Chemical demineralization, oil agglomeration,
cyclones and solvent extraction may be applied for CWM
preparation and testing,
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One objective reached wag to achieve a high concentration
of coal in the mixture and stil]l maintain flowability and
stability. At a 60% by weight concentration of Raniganj field
coal in water, magnesium lignosulfate (Celex), a sodium salt
of alkyl napthalene sulfonic acid (Lomar D), a coal derived
stabilizer (CDS) and particle size were investigated, There
was an optimum concentration for each of the additives,

Flowability of the CWM is much improved when a small
amount of coal is replaced with a coal derieved stabilizer,
There is cynergistic effect of CDS with Celex or Lomar D where
a gel-like structure develops and the CWM does not settle,
i.e,, a standard rod penetrates to the bottom of the column,
The significance of this test is that after standing in
storage or shipment, the mass is readily repulped or suspended
with little agitation. Another factor in the development of a
stable system is the distribution of particle sizes. Maximum
fluidity and high stability was observed when a bimodal
particle size distribution was prepared by mixing finer and
coarser fractions. To the € 50«.m coal they added a 75 to
150 .m fraction, Improved physical properties can be
explained by the arrangement of finer particles occupying the
interstices leading to denser packing but their net effect ir
to provide improved fluidity. A related phenomenon occurs in
fludized bed technology.

Millions of tons of washery refuse are polluting the Ganga
and Dansodar Rivers in eastern India., This situation might be
remadied by burning the combustible tailings in fludized bed.
Note: anthracite culm from the fusquehana River is burned in
powar plants in eastern Penneylvania,

The first phase of the CWM required a literature search
and planning of an ox?erlmntﬂ procedure, This background
work required the development of additives, the selection of
three coal samples and a study of the operating parameters
{coal concentration, flow regimes, surface properties and
particle size distribution). Coal water slurries could be
prepared in J0 Kg batches in existing equipment, USAID
provided the Haake Viscogimeter,

Following are the responses by ' . staff to prepared
questions:

Validity of Belection Criter), « Constraints

Selection coriteria established at the beginiing of the
project were correct and no changes were required, Objectives
for the next phase have already been outlined, [Desides
reaching the planned objectives, preliminary tests were made
in the small fluidized bed combustion nit, In this project
there were no constraints, A viscosity measuring apparatus
(Haake) was installed and commissioned in January 1986 leaving
sufficient time to carry out the experimental program,
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Institution Building and Technology Transfer

Institutional building efforts were primarily within
India since little information on CWM exists in the literature
and proprietary data were not available, There was an
expression that the work done up to now could provide a home
for the combustion institute, an idea that have been around for
some time. The argument for establishing the institute at
CFRI is based on the facts that the infrastructure of coal
science and analytical service are in place and there is a
Coal Survey Office on site that could help in coal sampling
and selection A core qgroup of chemical engineers and
chemists could be formed readily.

Collaborative Efforts and Management

U.S5. organizations provided patent literature and
supplied samples of suspension agents obtained from American
manufacturers. Technology ¢transfer was thus limited to
instrumentation provided by USAID via Viking Engineering. At
the same time the CFRI staff felt that DNES and USAID were
effective in their management of the program, Dr. Gururaja
provided guidance and seemed to have confidence in the ability
of CFRI investigators to carry out their work, DNES kept them
informel of workshops, seminars and USAID activities relating
to the CWM project,

Relevance of Selected Technology

The technology selected is relevant to the safe and
convenient transportation of coal., Coal dust/air mixtures are
always a potential eoxplosion hazard, even during short
transport distances when & static discharge is possible,
Other technology involved the ability of stabilizers to
prevent settling even at no flow conditions for a long time.
The additives used are organic compounds and probably
combustible in a fire box. Information on this problem was
obtained at the New Technologiaes meeting in Honolulu (1985),
Other collaborative ties established in the U.S8., are also
expected to continue,

Although the equipment needed for the project was
received late, it was put into service effectively. Delivery
dela{ was similar to that found in other projects,
spoecifically the need for the Government of India to be
convinced that equivalent equipment {8 not available
domestically, a reasonable request, However, excessive delays
in the program schedules can result because of the lack of a
knowledgeable intermediary.

Further Activities and Continued Involvement

Now that the coal-water-mixture project is underway some
equipment limitations are apparent; the equipment received met
specifications and operates properly. The desirable extension
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is the capability to expand the maximum and minimum viscosity
readings for the second phase of the work, Based on the
completed work, the proposed project has four studies:

1. Develop more effective additive systems that would allow
P higher concentrations of coal, improved fluidity and still
maintain stability.
2, Optimize the physical parameters such as particle osize
distribution, concentration of additives, milling, mixing,
. C‘.tc-

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

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

3.2.5A Coal-Water-Mixture Combustion (BHEL-T)

A normal extension of the slurry-preparation work at the

d CFRI is its preparation and combustion on a large ccale. To
this end a 0.5 m x 0.5 m fluidized bed combustion unit is
under construction at Tiruchiapalli (Trichy). There is a

world wide background information on coal-water slurry
combustion but often as an oil substitute and with low ash
coals. In India the problem to be investigated is the
combustion of high ash coal and washery tallings that still
contain carbon. Preliminary tesis reported at the Second
Annual Workshop proved that the slurries could be burned.

Factors to be evaluated in the new FBC unit are
facilities for bulk preparation of CWM, pressure drop
measurement, erosion testing, scale up factors and combustion
performance., A separate test rig will study nozzle designs
that may be suitable for atomizing and burning 400 Kg. of CWS

per hour,

Recommendations

The Government of India is apparently committed to the
development of fluidized bed combustion technology. Small
commercial units are in operation and an objective of BHEL is
to bring this technology to the power industry. It would be
of advantage to USAID to support this activity and be privy to
commercial developments, CWM know-how is an integral part of
the combustion system.

3.2.6 Bharat Heavy Electricals Ltd., (BHEL - T)

BHEL is a large integrated corporation and the site at
Tirachirapalli has @several pilot plants. The ones of
particular interest were the new Im x Ilm atmospheric pressure
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fluidized bed combustor (AFBC) and the combustor for
coal-water~-slurries, Design and approval of 30 MWe plant has
been completed, At the moment they are waiting for word from
AID concerning financial support. Smaller commercial AFBC
units are in operation, a distillery, polymer plant, cement
plant, fertilizer production, paper mills and a sugar plant,
Others are under construction for process steam, cogeneration
and power generation.

J.2.6.1 Evaluation of the Freeboard Performance in a
Fluidized-Bed Combustor and Coal Water Mixture
Combustion (BHEL = T)

Project Description

An overall objective was to desiqn, construct, commission
and operate a 1 meter x 1 meter Atmospheric Fluidized-Bed
Combustor (AFBC) research test facility., To be evaluated were
combustion and heat transfer in the freeboard region.
Specific objectives were to:

a. Gather performance and heat transfer data,

b. Determine dust loading and gas composition along the
freeboard length,

C. Correlate the freeboard performance in terms of design
and operating parameters.

d. Cotain combustion efficiency and carbon burnup data as a
function of fuel type and size.

e, Obtain data on the SOX/NOX reactions in the freeboard and
their effect on unit emissions and sorbent utilization.

This instrumented research facility will generate
engineering and performance data for burning Indian coals in
the AFBC system. Engineering correlations provide a basis for
the design, scale-up and performance criteria of up to 30 MWe
commercial AFBC units, Cost of the project was shared by BHEL
and USAID., BHEL designed, constructed, and commissioned the
tent facility at a cost of Rs. 35 lakhs ($350,000). USAID was
to provide specialized instrumentation and data acquisition
syotems at a cost of $300,000, The tasks outlined above were
carried out between January 1984 and June 30, 1986. Work was
still in progress in January 1987,

A sizable crew of engineers and technicians were required
to design and build the combustion plant and more will he
needed to operate the system on a round the clock basis., Of
particular interest to the USAID program is the space above
the fluidized bed called the freeboard region. In this volume
some combustion takes place and some heat is absorbed through
heat exchange surfaces. There is also some particulate
entrainment and gas phase reactions. 8ince fewer hot spots
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are found in properly operated fluidized bed, the average
temperatures are lower and the formulation 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
dcquisition system, Data is stored in a Hewlett Packard Model
3054A computer and the gas stream is analyzed automatically by
a Beckman 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 installed at Trichy,.
Inspection and performance testing of the individual
components was completed as was the curing of the refractory
and fluidization trials, Most of the items available in India
were delivered during the later part of 1985, Some of the
major pleces of equipment were solids feeders, fans and
blowers, refractory and insulating materials,

Following is the summary of responses to the discussion
aguestions relating to the freeboard region of the atmospheric
pressure fluidized bed combustor:

Selection Criteria and Progress To Date

There was no change in the objectives since the project
inception in 1982, The unit to burn coal in a fluidized bed
was designed, reviewed, approved, constructed and
commissioned. On the day of the review the Im x 1lm unit was
in operation.

Barriers and Constraints

Delivery of equipment by Indian suppliers was slow not
withstanding the spate of bad weather., Expediting was done by
the staff who followed up telex messages and phone calls with
personal visits in order to get import exemptions.

Management Effectiveness

One of the things deficient in most projects was the
lack of a coordinator., Acquiring of compressed gases for
instrument calibration was a good example. Cylinders shipped
from the U.8, got as far as Tokyo but could not be loaded on
Indian planes and were subsequently returned to the U.,8. An
alternate route was worked out ultimately.
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Institution Building and Study Tours

Institution building occurred via the combustor design
review. Five engineers spent four weeks in the US and visited
seven places Foster Wheeler, EPRI, Babcock and Wilcox,
Combustion Engineering, METC, ORNL and TVA, the latter place
was doing the review of the plant for BHEL-T.

Technology Transfer

Effectiveness of U.,S5. organizations and technology
transfer was apparent from the speed with which work was
accomplished and enthusiasm of the group for this project,.
Input was received from several sources and applied to the
design and operation, Representatives from ORNL spent
considerable time on site to provide continued support to the
engineers and construction crew.

DNES did not require a periodic review but when requests
for assistance were made, DNES was there to assist. On one
occasion the import duty was waived Dbecause of thes
intervention DNES,

The technologies daeveloped provide alternate feeding
systems and will prove out the equipment arrangements such as
bed heights, heat transfer, combustion efficiency, etc.

Collaborative Efforts

Here is one case where continued collaboration will play
a major role, There will be considerable daca exchange between
U.S. agencies and related Indion offices. Typica)l would be
TVA's interest in a boiler one step ahead of their pilot plant
unit.

The equipment received was certainly appropriate. It was
not timely because of natural and political constraints,.
Overall, the unit is underway.

Environmental Impact

On the environmental side, particulate matter and ash
disposal will continue to be significant problems. The
follow-on program may investigate the application of a
baghouse filter. If the particle size of the fly ash is
increased in the FBC system, further improvement may result,

Recommendations

The atmospheric pressure fluidized bed combustion system
is «n the brink of operation and taking a step in the
development of a commercial power component, With the
technology network already developed between the U,8, and
India, it will be a benefit to continue financial support and
retain access to new developments and solution to potential




operating problems. This research will lead to advanced
technology such as solids recycling and pressurized
combustion, both of which will improve efficiency.

3.2.6.2 Coal-Water~Slurry Combustion (BHEL-T)

A pilot plant is under construction for the combustion of
coal-water-mixtures, The 0.5m x 0,5m fluidized bed is
flexible in that the combustible feed can be under~-fired or
fed to the top of the bed, Residence time and better air/fuel
mixing are increased by corner fired, tangential secondary air
above the slurry inlet, For this unit USAID provided an on
line Brookfield viscosimeter, Haake viscosimeter for
laboratory use, a FPhiladelphia mixer for slurry agitation in
the feed tank, a Wilden diaphram pump for slurry transfer, an
on line Kay-Ray density meter and ceramic tips for the
atomizers, Other equipment is available for droplet size
moasurement using diffraction of a laser beam, a hot air tap, a
petrographic microscope and surface analyzer. These last two
instruments are used to examine cenospheras of burned out
particles and to measure surface areas which are related to
activity and carbon burn-off,

A related facility is being built to burn 400 Kg/hr of
atomized coal-wator-s!urry. Associated equipment will bill
mill the coal to a fine size and prepare the coal-water-slurry
for storage. Three “vpes of atomizers were designed and
fabricated. On the day of the field visit, flow tests of one
burner configuration were under way. No heat recovery is
p;annod and ash will simply collect in the combustion
chamber,

Following are responses to the questions asked of each
project:

Selection Criteria and Constraints

The selection criteria were correct == there were no
changes from the original proposal. Although there were uome
constraints that delayed the project about 6 months, the
objectives were reached,

fome jitems were purchased in India but some of the
equipment could not be identified until the project got
underway., A mass flow meter needed for the experimental
program has been requested,

Although there was no individual selected to coordinate
the work, sume ties were developed with PETC, CFRI and the RRL
at Jaipur,

Collaborative Efforts and ftudy Tour

U.8, organizations, particularly Viking Engineering
Company, were effective in procuring equipment in a short




time, However, Dr. Salujta cold not deliver it because import
approval had not been obtained. After eight months BHEL paid
the three lacks import duty, a heavy burden on the projecte,
Except for the support from VEC there was no one to interact
with and no one on this project visited the U.§5., mainly
because no one is known to be working on CWS combustion in a
fluidized bed.

One reason for delay in getting started was the two years
the DNES took to approve the project, Why the delay occurred
was not clear,

Continued Involvement

Application of the CWM technology can go beyond coal
itself, There are tailing and sludges from several sources
that contain recoverable energy. The technology can also be
applied to the environmentally acceptable method of
undesirable waste disposal such as residues from paper mills,
refineries or sewage treatment, Gasification systems may also
benefit from the combustion research.

It {s hoped that the present ties and Kknowledge of the
fioeld can develop collaborative ties, Coal-water~-mixtures
are used for the introduction of coal into high pressure
systems and previous conferences described tests made in some
industrial bollere (Plorida Powaer and Light Co,),

In reference to project delays, the procurement of
equipmont was appropriate and timely by coincidence.
Equipment for the pilot plant is being assembled and tests
will be under way within the year. A considerable amount of
study has gone into burner design configuration and materials.

Environmental Impact

Environmental considerations indicate an improvement over
the other forms of combustion, The lower combustion
temperatures should reduce the formation of nitrogen oxides;
atomization should reduce the carbon loss and particulate
retention by the fluidized bed should be improved.

3.2.7 Scale up of the Atmospheric Pressure Fluidized Bed
Combustor

Project Description

A 150 ton of steam per hour AFBC wa+ designed by BHEL
engineors and throunqh USAID, the design was reviewed by TVA
engineers who operate a smaller but similar fluidized bed
combustor, Five suqgested changes by TVA engineers weore
incorporated in the final design which has now been submitted
for funding. Details of the changes were described as the
Third UBAID/GOI Workshop in December 1985,
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The 150 tons per hour unit is a cooperative demonstration
between USAID, DNES, BHEL and a private customer. In the
design, coal containing 6% moisture and 32% ash and about 7000
BTU/Lb is the basis, USAID would provide, through several
U.S. companies, pumps, filters analytical equipment, a
computer 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 of the fuel which can be as low as 2000 Kcal/Kg
(3600 Btu/Lb). Ash contents as high as 70% are considered
when coal washery rejects are burned, moisture contents as
high as 55% are considered for lignite or bagasse combustion,

Technology Transfer and Study Tours

This project moved ahead at a steady pace because no
equipment supply was involved. Technology transfer from TVA
was extensive; two TVA engineers visited BHEL and a BHEL
engineer visited the TVA plant, These ties will undoubtedly
continue because these in much interest in both organizations.

Environmental Impact

Environmental impacts should be similar or less than that
described for the AFBC unit. The ash recovery system will be
closer to power plant size and the efficiency of collection
should be improved. Fluidized bed combustion of Indian coals
minimizes the discharge of sulfur an nitrogen oxides.

Further Activities and Continued Involvement

Utility companies in India have not yet adopted the AFBC
technology although smaller systems are used in industry. A
distillery operates a 12 tph FBC boiler for cogeneration, a
polymer plants are under . .astruction. One of the new units
will burn washery rejects containing 65% ash. Other AFBC
units will burn bagasse or rice husks.

3.2.8 Bharat Heavy lectricals Ltd., (BHEL=H)

The Corporute Research and Development laboratories at
Hyderabad are eoxtensive and apparently encompass a wide
variety of programs. Mr. R.,S8. Rangan presented the design
foatures of the high pressure, high temperature system for
particulate removal. There was a good exchange of information
on the design and possible chemical reactions. In the
afternoon we visited a pilot plant on the grounds of the
Regional Research Laboratory (RRL-H) where a high pressure,
fluidized bed gasifier is nearly comploted. The hot gas
cleanup unit will be build next to this gasifier and a slip
stream will be taken as feed to the hot gas cleanup system,
Foundations are being dug for the new equipment,
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On the gasifier structure is a rig to study solids
transport and in an adjacent building is a 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
acquisition system - HP3497A/HP7475A, a Beckman Gas analyzer
for CO, CO02, 02, S02, NO and H2 and a Kay-Ray gamma ray level
monitor,

3'5'2%9 Hot Gas Clean-up (BHEL=H)

Project Description

There are two main objectives in this project, 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
state-of-the-art in the U.S. Hot gas cleanup in pulverized
fuel boilers and combined cycle power plants were visited.

Besides observing these high temperature and high
pressure particulate removal systems being developed, the
engineers discussed with their U.S. counterparts, various
design features. Analysis of the operational data was to
evaluate the suitability of these hot gas clean up concepts
for Indian coals. These same same engineers would participate
in the gas cleaning pilot plants under development,

Project cost %o the Government of India (GOI) was
estimated at $88,000 (130 K lakh) for manpower, travel and
instrumentation available in India., USAID was to purchase
eight instruments and some laboratory equipment for data
acquisition, gas analysis and level indication,.

Major tasks were completed as scheduled. Construction is
underway and should be completed in 1987, Commissioning of
the system is closely linked with the pressurized, fluidized
bed gasifier,

Below are responses to the routine questions asked of
each project:

Selection Criteria

The selection criteria were correct and no changes were
made, However, BHEL did expand the project within their own
programs, There will be cooperative testing of new equipment
and increased instrumentation,
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Institution Building

As will be explained later, the project came into being
only in mid-1984 but has progressed rapidly. On~line
monitoring is still a prime objective and some good projects
not included in the original proposal to USAID are of interest
to BHEL., Typical USAID projects are included in the proposal
for continued support, e.g., advancec filtration methods, high
temperature H,5 (hydrogen sulfide) removal, alkali vapor
contamination gnd specialized instrumentation, Some of these
problems and those from the AFBC and CWM combustion are good
candidates for a Combustion Institute. There is already a
list of worthwhile projects.

Constraints and Actions Taken

The primary constraint on this project was finding
someone to fabricate the vessel, Solicitation for bids
brought only two responsive replies, The vessel is under
construction in Bombay and is scheduled for delivery in
Dacember 1987. USAID and the Government of India reached
agreement on this project only in 1984, Design work was begun
in 1985, Further delay was caused by the change in materials
of construction and some design modifications were required.

institution Building

Institution building efforts were primarily between
BHEL-H and RRL-H, Data from this high temperature, high
pressure service will be of interest to power plants
especially where combined cycle technology is applied,
Interest of the METC manager was concentrated on sulfur
removal, This aspect does not seem to be a significant
problem in India unless there is a deleterious effect of even
trace quantities on downstream equipment,

Collaborative Efforts

The Department of Energy manager and consultants to the
program worked hard to make effective contacts in the U.,S,
Since there are no government supported, related programs in
the U.S. information and data were not available, When
nothing is available, there is nothing to be transfered.
However, this project has significant merit, not only in the
field of particulate removal but also the development of high
pressure, high temperature (HP/HT) vessel design and solids
handing.

Apparently the staff on this hot gas cleanup project
worked in isolation from DNES and AID, In fact, no one
attended the project review meeting in July 1986, When
agsiptance was needed they went directly to the DOE manager or
Viking Engineering. Even before USAID decided to support the
hot gaes cleanup project, BHEL recognized the importance of
such an appavatus, It was also stated that even if DNES and
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USAID decide to discontinue their support, the work will
continue under BHEL auspices. Not having access to the
results of this program would mean the lcss of useful data on
the design and operation of dynamic high pressure, high
temperature systems,

Collaborative Ties and Study Tours

Although the collaborative ties established up to now
were few, there is continued interest and the BHFL staff feels
free to contact those in the U.S. who may be of assistance,
Two of the engineers spent a few weeks at New York University
where research on high temperature solids removal by
electrostatic precepitation is being studied, Trips %o
California and Illinois were also useful in the design of the
new BHEL system. At the Institute of Gas Technology
gasification plant near Chicago, much useful data were
provided. Plans are underway to send other engineers to the
U.8. for training, Specific sites have not yet been selected,

A one year delay occurred because of the need to redesign
the internal parts of the main pressure vessel that operates
at B850-900 deg. C and and about 75 psig. New bids were
required even though the number of potential Indian
fabrications is limited. Only two companies had facilities to
do the job.

Environmertal Impact

Environmental impacts are expected to range from
negligable to beneficial. The ash collected would be combined
with the larger quantities of ash from the main boilers on
site. There is the potentianl for removal of alkali vapor from
the effluent gases which is beneficial but a possibility exists
for the reaction of alkali vapors, acid gases and water vapor
with the 2 mm alumina spheres that circulate within the
system. There is no assurance that these reaccions will occur,
but are noted for the record,

3,2.10 Cold Gas Clean-Up (RRL=H)

The Regional Research Laboratory at Hyderabad 1is
concerned primarily with biochemical problems although coal
convarsion prozoctn such as cold gas cleaning and gasification
units are on site,

Project Description

The cold gas clean=-up and and soparation unit is a small
dual function system of gas feeders, flow meters, small bore
tubing with compression fittings and two soparation systems,
One of them is an adsorption column (27 mm x 700 mm) packed
with cocoanut char, the other is a rectangular flat plate
flange type holder for a semipermiable membrane insert,
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A short visit was made to Lurgi gasifier nearby. This
unit has a data acquisition computer provided by UNIDO,

Following are responses to the series of questions
requested by AID,

Selection Criteria and Modification

The original criteria were modified to exclude the
separation of particulate matter. Related work is underway at
BHEL on a larger scale, With approval of the METC program
manager, the objective was changed to include separation of
acid gases from the gasifier product stream. The
semipermeable membrane separation part was unchanged but a
source of membrane material has not been found. U.§.
manufacturers declined to participate in the program.

Barriern and Constraints

Overall objectives wore not reached because
specifications for the equipment were not finalized until
September 1985. No equipment was available until late in
1986, There was a problem with import licenses from the
Government of India who required a specific form, in fact, the
gas chromatograph arrived on the day of our visit, January 12,
1987,

Institution Building

Considerable institution building was evident, The
engineering group (3 chemical wanginecers and 2 mechanical
engineers) and the support staff were very much involved in
getting the equipment on stream, Cooperation was also
underway with the BHEL group working on the high pressure
system, The two techniques are conceivably complementary in
that both particulate matter and acid gases are removed,
When the small bench scale work is completed with a synthetic
gas mixtures, a small gas stream from the Lurgi gasifier may
be processed, An extension of this work could be the
purification of natural gases containing carbon dioxide and
hydrogen sulfide.

Technology Transfer and Management Effectivencss

U.8, organizations were helpful and effective. A telex
or letter to Viking Engineering or to METC brought a rapid
response. Usually requested was technical informution or
funds for additional material., The RRL-H staff was satisfied
with the arrangement, Existing reports were provided and some
information was available from the public domain, however, the
adsorption of gases on charcoal and other high surface area
materials is well known.
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Effective management was provided by Viking Engineering
Corp while DNES and USAID acted as a conduit and were aware of
changes in the project status. For example, DNES asked for a
project review in July 1J)86 and papers were presented at the
second and third workshops. Reports were submitted every six
months.

Continued Involvement

This limited project has a place in the Lroad subject of
power generation; application to acid gas remova. at
temperatures up to 150°C, Past experience with the coal fired
turbine at Morgantown, ca, 1955, is suggested as a reference
to gas clean up problems,

Collaborative Efforts nnd Study Tours

Collaborative ties were ectablished and attempts are
still being made to acquire membrances of different types for
testing., Inquiries by personnel at Viking and the Institute of
Gas Technology have not yet bean successful. Only one visit
was made to the U.S5. on this project. The coast-to-coast trip
was short and much of the looked for data and materialr were
proprietary and unavailable. Future trips should be
preplanned with initial contacts made locally to assure a
proper exchange of data or information on samples. All of
the needed equipment is finally on site, some it yet to
assembled and placed on stream, Continuation of the program,
according to the new proposals of one to five years, will
probably require additional instrumentation,

Environmental Impacts

The best estimate at this time, before any experiment is
made, will be tha need for gas analyzers for carbon monoxide
(CO) and hydrogen Sulfide (H,8), both of which are
environmental hazards. The hydroq&n sulfide can be reduced to
sulfur and water by known processes and the staff is aware of
the potential problem of the disposal of adsorbants and
membranes, High surface area materials such as activiated
carbons present a handling problem to prevent fire and/or
explosions,

Recommanda*ion

This problem is primarily of academic interest but it can
be a worthwhile investigation. The present objectives are a
good start but the projects should evolve inte a more
sophisticated study,




3.3 Enerqgy EffJ iency

a, Project Dencription and Sulection Criteria

The original project paper fropoaed a U,S./Indian
technical exchange program dealing with energy efficiency in
industry and transportation. A program of technical
collaboration was planned with the purpose of comparing
experiences and increasing the awareness of Indian industry
managers of the technologies available in the United States,

During an initial visit to India, an approach of
interactive workshops was defined by the Confederation of
Enginearing Industries (CEI) and the National Academy of
Sciences (NAS), the Indian and U.S. institutions selected to
conduct the program,

Energy conservation is certainly one of the most
cost-effective methods for reducting energy demand and
dependence on foreign imports, as has been very successfully
demonstrated in the U,S5. and many other countries. Including
energy efficiency as a component of the AERD program was a
good choice,

The need for energy efficiency has been recognized by the
Government of India (GOI) which has established some limited
incentives to encourage energy efficiency. Some Indian
industries have recognized the economic advantages of energy
conservation and have taken sateps in that direction, The
number of companies involved in such activities is increasing,
but at a relatively slow pace, considering the obvious
advantages that can bes derived from conservation,

Some reasons for this slow progress appear to be: lack
of awareness of the real economic potuntial of conservation
(generally short turm pay~back, relative low capital, etc.) by
many Aindustrialists, complexity of the bureaucratic process
roquired to benefit from the incentives, nature of the
incentives (reduction in electric consumption could bring a
user ‘nto a less favorable price category, thus cancelling the
benaefits of conservation for example), lack of focus on
conservation within the GOI (it is only recently == January
187 == that a Secretary~lavel position for Energy
Conservation has been created) and lack of an infrastructure
of specialized consulting firms capable of delivering
complete (audit-implementation~management~-financing)
conservation services.

Given a variety of federal, state and local policies and
incentiven, ag well aeg original financing approaches, such as
third party financing, a new service industry providing
complate conservation “packages" has emerged in the U.5, in
the last 10 years, Despite a relaxation of the American
attitude toward conservation, conservation activities still




take place, mostly through these consulting firms, because
industrial managers have realized the benefits which can
derive from conservation. This coordinated approach involving
the private sector appears to be what is missing in India for
conservation to expand,

It is felt that the objective of the program would have
been better served, if the subproject had focused on the
American experience in implementing conservation rather than
on technical aspects which can easily be mastered by the very
competent Indian engineers and scientists,

b. Progress to Date

Table 3.4 summarizes the tasks included in the program
and their current status,

Three out of four workshops have been completed; the
fourth is scheduled for early 1988,

All workshops were well-attended by a cross-section of
Indian and U.S, engineers, industry managers, manufacturers,
government and state representatives.

The f{irst workshop dealt with strategies for improving
efficiency in thermal energy use, low grade fuel, waste heat
recovery, cogeneration, monitoring and controls, static power
drives and possible strategies. This meeting seemed to have
bean somewhat academic and resulted only in an enumeration of
general strategies, i.e., relax government requlations,
incraase awareness, etc,

Thae second workshop addressed the problems of improving
the efficiercy of electrical cenergy use: impact of power
distributior on productivity, motor efficiency, packaged
cogeneration systems and lighting were considered, Barriers
to conservation and possible strategies wers reviewed, A
large number of private companies attended this workshop and
contacts between Indian and U,S. manufacturers were
established., This is attested by follow-up correspondence
between U.S8., and Indian manufacturears.

The workshops received wide press coverage and were
attended by central and state government representatives.

The visit by Indian representatives to the U.8. included
some site visits (GM plant, Pepco, etc.,), an audit seminar,
raview of PURPA and a wvisit to the Energy Management
Technology Exhibit in Atlanta,

The reports provide short summaries of presentations and
discussions =~ which is probably sufficient, as little new
ground was broken. The reports also contain unnecessary
material (sample: "The University (Georgetown U,) has a
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Table 3.4 - Energy Efficiency Subproject
- Tasks and Status

Tasks Status

Organization meeting completed

Workshop on Termal Encrgy Efficiency
(January 86 -~ New Delhi) completed

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

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

Atlanta, GA) completed
Workshop on Energy Management Systems Planned; early
1988
Reports completed (for
completed

tasks) .
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sprinkling of ivy-covered halls and is steeped in tradition
that dated back to a time when cows grazed where the U.S,

capital now stands.).

Tasks and reports were delivered but the project as a
whole gives an impression of being superficial.

cs Attainment of Objectives

The defined objectives c¢f the project were achieved,
However, as discussed in Section 3,3.a. the overall objective
of making India benefit from the U,S8.'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

- Management Effectiveness

Despite the fact that energy conservation is not part of
its mandate, DNES kept informed and attended the working
sessions, USAID's support was recognized,

g. Effectiveness of U.S5, Technology Transfer

As mentioned above many contacts between Indian and U.S.
manufacturers were established. Possible U.§5. to India, and
India to U.S., transfer of specific technologies were explored.
These contacts, particularly regarding U.S. to India
transfers, will most probably not be maintained if the basic
issue of devising practical ways of large scale implementation
of conservation in India is not solved.

h. Relevance of Technology Selected

This aspect has been addressed in Section 3.3.a.

i. Relevance of Collaborative Effort and Study Tours

All activities were well organized and planned as s
{llustrated by the answers to the evaluation forms circulated
by NAS. The forms also included suggestions, by Indian
participants, for topics to be discussed, activities to be
undertaken, etc,




Table 3.5 = Field Test of Polymer
Film Solar Collectors Subproject
- Scope of Work and Status

Itens
Visit of STEC scientists to U.S.
Visit of BNL scientists to India
Procure/deliver/install

® Collectors
° Diagnostic equipment

Test Collectors
Evaluation of data

Final report

Workshop/ldentify Applications

Commercialization study

Status

completed

completed

completed
completed

completed
completed

Partially
completed

Not completed

completed

50.1
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2 s Economic Viability of the Technology

As was demonstrated by numerous examples, energy
conservation is probably the most cost-effective method of
reducing dependence on fossil fuels. Pay-back periods of two
years or less are not unusual,

K. Institution Building Efforts

CEI is a private organization representing about 2,000
engineering industries. Its /functions include promotion of
its members' activities, representation, lobbying, etc., In
the absence of a clearly identifiable government body
responsible for conservation, the selection of CEI was
reasonsble: CEI has good relations with government agencies,
contacts with similar industrial groups and is interested in
conservation for its member industries. Although nationally
represented through its regional offices, CEI only represents
a narrow segment of the industry and it is not clear if, in
the long run, it 4is the best vehicle for promoting
conservation,

Currently, few institutions are engaged in conservation
activities: the National Productivity Council and the
Petroleum Conservation Research Association provide audit
services, but no follow-up services and a few engineering
firms provide conservation engineering services,.

Could an option be to induce an institute such as TERI to
create a Tata Institute for Energy Efficlency? Such an
independent instituction could represent the
induastrial/commercial sectors in general and through their
access to government policy-makers promote conservation
effoctivaely.

1. Utility and Importance of Effort - Recommendations

The project was useful in that it brought conservation to
the attention of industrialists, manufacturers and government
representatives., However, as stated above, it did not address
the real problem,

A demonstration of a conservation program in a chosen
industry, identifying the problems and constraints inherent to
the Indian context and exploring realistic approaches, should
be initiated. This is discussed in Chapter 5,

J.4 Information Exchange

This section describas the status of a variety of
subprojects included in the Information Exchange Component of
the AERD project,
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3.4.1 Field Test of Polymer Film Solar Collectors

a. Project Description

The subproject called for the testing of advanced flat
plate solar collectors, developed at Brookhaven National
Laboratory (BNL), under climatic conditions prevailing in
India,

The BNL dosign offers the double advantage of high
performance and potential significant reduction in installed
cost (typically, the installed cost of a collector of standard
design in the U.S8., is about $30 g er square foot, while the
estimated cost of collectors of improved design is about $5
per square foot). Efficiency and projected costs of the film
collectors are more favorable than those of current
Indian~made collectors. Successful development of this new
technology could therefore he'p greatly the Indian solar
industry.

The tests were conducted at the Solar Thermal Energy
Center (STEC) facility at Jundahara, Haryana, with the
collaboration of BNL. The project was initiated in mid 1983
and concluded in December 1984,

Subsequently the project was extended in 1985 to support
a special study on commercialization of polymer film
collectors.

b, Progress .o Date

Table 3.5 shows the items included in the scope of work
and their de,.Je of completion,

Most technical aspects of the program were completed,
BNL collector tests indicate that efficiency is about 13%
higher than that of average collectors of Indian design
despite the harsh environment, particularly heavy dust, which
it was feared, could have reduced performance due to erosion
of the film surface.

Since the end of the project, the collectors have been
kept exposed to the environment and arn tested every 6iX
months for about one week each time, 8§o far, after about two
years of longevity testing (four experirents), a degredation
of about 2% of the original performance has been noted.

As a apin-off of this subproject, the STEC staff has
designed a thin film collector based on the BNL concept using
only materials made in India Preliminary tests indicate that
this design is about 5% more efficient than the BNL collector,
Major improvements include better insulation of the back and
sides of the collector and a collector plate having better
flow and heat transfer characteristics,
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A summary report covering about 2 months of testing was
prepared in the form of a paper presented at the U,S,-India
Binational Symposium workshop on Solar Energy Research and
Applications, National Science Foundation =~ DNES, Roorkee,
August 1985, A final report and techno-economic feasibility
analysis of potential applications, called for in the scope of
work, were only partially completed. The final report is
frankly disappointing, The B0 page report contains 30 pages of
copies of equipment manufacturers pamphlets., The training
received by the Indian scientist (over about 3 weeks) is
described in a one page listing of his activities. About 25
pages deal with introduction, generalities, photos and data
print-outs., About 12 of the remaining pages are devoted to a
superficial digcussion of applications for solar system
(including cooling systems) and to the conclusions. A total
of about 12 pages describes the accomplishments of 18 months
of work: no attempt is made at describing methodologies,
problems, difficulties, data processing techniques or the
improved capability of STEC as a research laboratory.

An addendum ¢to the final report devoted to the
commercialization of the BNL collector indicates that contacts
have been established and pursued with an Indian company
interested in the concept. A detailed final report would have
been very valuable as a tool for training new personnel and as
an instrument for dissemination of the technology.

The special commercialization study was completed but is
rather vague and superficiasl; the background on U.S5. solar
industry could have been better documented, the method for
surveying Indian solar systems is not described, the estimates
of payback periods are not documcnted and, finally, no
comments are made concerning the Indian manufacturers
interested to purchase sample collectors (would they be
interested in a joint venture, under what terms, etc.).

Finally, the workshop planned for Delhi was not held.
It could ba argued that presentation of a paper at another
workshop has exposed the technology. Howover, a special
workshop, with invitation to all manufacturers, would have had
a8 greater impact,

C. Attainment of Objectives

The objectives of the project were well defined. The
technical aspects were achieved and have contributed to the
objectives of increasing STEC's analytical capability and of
introducing Indian sacientists to a new approach to solar
tachnology.

The reporting and dissemination aspects did not reach
their objectives,
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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 experimental BNL
collectors and of diagnostic equipment for standardized
testing of collectors. No problems were encountered in
providing and delivering the equipment,

£ Management Effectiveness

The goals of the project were achieved and schedules
adhered to. Being a DNES center, STEC received all necessary
support from its sponsor, STEC also acknowledged having
received good support from USAID,

Both institutions, however, should have made sure that all
tasks of the project had been completed,

qg. Effectiveness of U.S. Technology Transfer

The private sector was not involved in this subproject as
the collector tested was a prototype developed by a U.S.
National Laboratory. Contacts and interactions have been
maintained between STEC and BNL,

The commercialization report indicates that a U.S,
manufacturer could be interested in establishing a joint
venture in India,

h. Relevance of the Technology Selected

The technology selected is relevant to the efforts of
STEC to develop and promote solar technology for India. The
question of the relevance of solar energy in general is more
difficult to anssess.

The selected technology can be replicated and improved
upon, as has been already shown by STEC, without USBAID
support,

1o Relevance of Collaborative Effort and Study Tours

The subproject called for exchange of scientists between
STEC and BNL., More visits took place from the U.S5., to India
than vice~voersa because, at the time, the Indian team included
a very limited number of sclentists, These eaxchanges ware
very fruitful and effective as is indicated Dby letters
exchanged betwaen BNI, and DNES in mid 1964,

T |
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s | Economic Viability of the Technology

Experience in several countries, in particular in the
U.S8., has shown that the economics of solar domestic hot
water or space heating are at best marginal. For this reason,
most commercialization programs needed government subsidies
and incentives to penetrate the market. Similarly, at
present, the Government of India tries to encourage the
installation of solar domestic hot water systems through
subsidies ranging from 30 to 80% of the cost, depending on the
end-users.,

Current prices for solar family hot vater systems start
+& about Rs, 5,500 (quote by manufacturer - Danfoss (India)
Ltd.)6 This system (1001 ~ input/outp.% temperatures:
17/60°C) will provide about 50% of a family's need, or the
equivalent of about 890 KWH/year. Financed at 12% over 5
years, the system will cost the family about Rs, 1,470/year.
For the family to break even in 5 years, electricity should
cost Rs., 1.64/KWH (Rs. 1468/894 KWH), which is well above the
current price of electricity to residential customers,
Through the thin film technology, STEC projects, that the cost
of similar family system could be brought down to about $300
or say Rs. 3,800, and maybe less. At that price, under the
same assumptions as above, the 5-year break-even cost of
electricity would be Rs, 1,13/KWH, much closer to the current
price for electricity.

This "back of the envelope" analysis dces point to the
fact that much cost reduction and/or performance improvements
are needed for the technology to be economically attractive on
its own merits,

Looked upon on a more global way, every KW of electricity
displaced by a solar system, reduces the demand for new
generating capacity, an element which should be taken into
account,

To further evaluate the viability of the technology,
realistic field data should be collected by monitoring the
water and electricity consumptions of families with and
without solar systems., Such activities should probably be
undertaken by an interested manufacturer as part of his
marketing strategy, perhaps under a new USAID initiative,.

Ko Institution Building Efforts

The project has increased the capability of STEC for
pursuing solar~related research by providing STEC with a solar
collector testing station not available previously. Further,
the project has initiated research activities in the field of
thin=fiim collector technology, theraby establishing STEC ag a
forward looking inastitution in the fielid,.




56

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

1, Utility and Importance of Effort - Recommendations

The thin film collector has the potential of seriously
improving the techno-economic prospects for sclar thermal
energy generation., The project has brought STEC in a position
to conduct quality research and has confirmed the hopes
placed in the BNL design.

Attempts should be made to compensate for the lack of
dissemination efforts during this program by increasing such
efforts during the follow=-up program.

3.4,2 Development of a National Planning Model for
Non-Conventional Enerqy

a, Project Descuiption and Selection Criteria

The objective of the subproject wasr to develop an
analytical planning model for non-conventional energy in India
capable of assessing the mutual interactions between energy
and economic variables. The model is meant to enable the
Government of India to plan for energy use in different
sectors and evaluate the impact of various energy policies.

At the time the project was initiated, energy policy
analysis was conducted sporadically by various committees and
there was a need for a comprehensive model of the Indian
energy sector whereby energy policies could be evaluated
within the framework of the overall economic development of
the country.

The project was conducted by the Tata Energy Research
Institute (TERI) with the collaboration of the Brookhaven
National Laboratory (BNL).

b. Progress to Date

Tha project was initiated in 198) and concluded in 1985,
During this period, TERI developed its (TERI) Energy Economy
Simulation and Evaluation Model (TEESE) Dbased on the
Brookhaven Enerqgy Economy Assessment Model (BEEAM). TEESE
includes simplified mathematical expressions for the energy
flows in the economy and accounts for losses and conversion
and end-use efficiencies within the overall framework of the
Input/Output model for the Indian economy.

The model was established for the base year 1978-1979,
Currently, TERI, under the auspices of the Advisory Board on
Energy (ABE), is updating the modal to the 1984~-85 period and
introducing some refinements such as disaggregation of some
sectors in sub-classes, division of end-users by income
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categories, etc. Examination of preliminary runs of this
updated version shows that the impact of some oil policies
(level of import/export, full/partial use of domestic
refineries for example) on the overall economics can be
quantified, Under the current agreement between TERI and the
ABE, results from the ongoing 1984-85 analysis cannot be
released without the ABE's approval. It is probable that once
the updated model is operational, DNES could request runs of
specific cases to evaluate the impact of non-conventional
energy policies.

TERI also supports the efforts of five independent
institutions in developing regional energy models.

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

The final report, delivered to DNES but apparently not to
USAID, described the m~chanics of the model 1in precise
mathematical form. It is too rigorous for lay people not
familiar with the matricial formulation  used. Some
introductory remarks and general comments about the
utilization of the model, written in practical terms, would
have been useful. A pamphlet issued by TERI fills somewhat
this gap.

The work and the team responsible conveys an impression
of high competence and professionalism,

d. Barrfers and Constraints

No major problems seemed to have hindered the completion
of the subproject, although some aspects >f the collaborative
efforts did not appear to be completely satisfactory (see
Sections 3.4.2,e and 3.4.2.1 below).

Q. Procurement Efforts

The project called for the transfer of an IBM (series 80
= IM byte - hard disk) system. Some delays in procurement
occurred probably dus to U.S8. Department of Commerce
requlations regarding the shipping of electronic equipment.
Further, the equipment did not function properly when
received, creating delays while securing replacement parts,
This could be due to the recent introduction of the equipment
on the market., Unfortunately, BNL did not test the equipment
before shipment, nor provide the opportunity for the Indian
gclentist to familiarize herself with the equipment while at
BNL.

f. Management Effectiveness

A fairly detalled work plan was developed early in the
project which was adhered to with minor variations. TERI




58

expressed its satisfaction for the support provided by the
USAID mission during the project,

qg. Effectiveness of U.S. Technology Transfer

The subproject did not involve the private sector. Only
BNL and its associated International Energy Studies group were
involved in the collaborative effort, In view of the comments
made in Section 3.4.2.i., it is improbable that an active
collaboration will be maintained between BNL and TERI. This
is unfortunate because TERI is expanding the scope of the
model beyond DNL's original form and feed-back would have heen
benefical to BNL or other U,§. researchers.

h. Relevance of Technology Selected

The subproject has provided a very useiful tool for energy
policy evaluation., The TEESE has been adopted by the Advisory
Board on Energy (ABE) and by the Gas Authority of India, Ltd.,
as their model for aconomic analysis. DNES has expressed its
intenncion of using the TEESE model for its evaluation of non~-
conventional resources. Although the concluslois derived from
models are only as good as the data assumptions used as
inputs, if used with caution, the development of the TEESE
model is ¢timely and relevant for India's energy planning
efforts.

5 Relevence of Collaborative Effort and Studv Tours

The subproject involved the training of an Indian
scientist at BNL. The involvement of BNL in this activity was
Lpparently minimal and certainly less than TERI expected,
This could be due to overcommitment on the part of BNL's
Principal Investigator (V, Mubayi) to a variety of projects,.

Economic Viability of the Technology

Not Applicable.

K. Institution Building Efforts

There is no doubt that the subproject has unhancod TERI's
capablility for evaluation of energy policles and programs. As
indicated above, other institutions will also benafit from the
capability. TERI has already built on the original model and
shows all inteations of pursuing the development of more
rafined models.

1, Utility and Importance of Effort - Recommendations

The importance of the subproject's accomplishment has
already been stressed; no follow=up support appears necessary
for the model to be used.
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Energy utilization, both conventional and nen=
conventional, does raise environmental and social problems:
increased utilization of low quality coal may result in
intolerable pollution, increased use of Liomaterials for
energy production could divert the resource from its
traditional use and create social/environmental problems, etc.
It is suggested that the possibility of including environment
and social costs and benefits be considered.

3.4.3 Low Head Hybrid Micro-Hydel System

a. Project Description and Selection Criteria

This project was designed to help develop economically
viable and technically feasible integrated energy systems
using low-head hydro electric turbines as a primary renewable
energy source. The main inputs expected from the AERD program
included the development of a prototype microprocessor for
electrical loa) management, development of various commodity
producing systems, purchase and delivery of a prototype
turbine for low head applications and training (the detailed
sccpe of work is reviewed below =~ Section 3.4.,b). The project
is conducted by the Alternative Hydro Energy Center (AHEC) at
Roorkee University, Roorkee; its U.5, counterpart is Boston
University (BU), Boston, MA,

A survey of India's hydroelectric potential resources
nu?qentod that about 5,000 MW of capacity could be tapped. Of
this capacity, about 3,000 MW appears to be available at
low-head (less than about 3 m drop) sites along irrigation
canals, Low~head systems could provide clectrical power to
villages located along these canals for lighting, irrigation,
water pumping and local industrie; but their economic
viability is limited by high capital costs (often twice that
of large hydro systems) and a low ioad factor (20 to 40Y) due
to the low demand by the end-users. The approach pursued by
the AHEC, under the sponsorship of DNES, is to attempt to
lower the capital cost through improved civil works designs,
use of most suitable turbines and diversion of surplus power,
when available, to secondary loads designed to convert the
surp)us power to commodities which are needed and can be sold
within the local economy.

The AHEC is currenty developing an irrigation canal site
at Kakroi where four 100 KXW turbines will be tested in
parallel; one of these will be a U,S8.-made Essex turbine
provided under the AERD project, the others are an Indian-made
unit (BHEL), an Austrian (Voess=-Alpine) unit and probably a
Swedish=-made unit,. Power will be sold to the grid or
distributed to neighboring villages, The U.8, participation
in this project will therefore help AHEC in establishing a
valuable data base comparing turbine performance, operating
and maintenance costs and other data needed to perform
techno~economic evaluations of future sites,




The other facet of the U.S8. contribution involves the
development 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
briquetted fuel. The choice of these loads is questionable
(ree Section 3.4.3.7).

The U.S. involvement under AERD fits well with the stated
goals of AHEC and DNES.

It should also be noted that an alternative approach to
load management is also considered by AHEC; this would involve
a low head system providing base load needs, complemented by a
biomass gasification unit providing peak demand as needed,
AHEC has developed and is testing a gasifier for this purpose
and may install such a unit at the Kakroi site,.

b. Progress to Date

Table 3.6 describes the items involved in the scope of
work and indicate their current status. The tahle shows
clearly that many tasks, or subtasks, have not been or are
only partially completed, What is particularly distressing is
that many of the tasks involving technology transfer and the
training of Indian scientists associated with this transfer
have not been completed, A number of reasons are responsible
for the lagging progress; they are discussed in Section
3.4.3.4, below,

Apart from the development of the Kakrol asite which
appears to proceed reasonably well, the remainder of the
project gives an ampression of disarray and helplessness,

C. Attainment of Objectives

The objectives of the project were defined in rather
ganeral terms; at various stages of the project, scheduling
charts appear to have been proposed but there is no indication
that these schedules have been reviewed to account for delays
and problems.

As indicated previously, many of the stated objectives of
the project have not been achieved, vparticularly those
involving constructive interaction between Indian and U.8.
scientists, o far, the aubpro?nct has not contributed
significantly to the overall objectives of the AERD project,

d, Parriers and Constraints

fince its inception, the subproject has been plagued by a
number of technical and administrative delays, Table 1.7
shows the chronology of evente as they appear to have taken
place since the beginning of the project; some dates and event
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Table 3.7 - Low-Head Hybrid Micro Hydel System
Subproject. Approximate Sequence of Events

Date (approx.)

Early 1982 Initiation of Low-Head project under
Technologies for the Rural Foor (TRP)
project.

Mid 1982 Principal Investigator leaves Colorado

State University (CSU) for Boston
University (BU).

Late 1982 Decision to purchase prototype Schneider
engine,

Mid 1983 Controller sent to India - sent back to BU
for modifications.

Mid 1983 Schneider engine prototype tested in
California.

Mid 1984 Controller sent to India ~ sent back for
modifications/redesign.

End 1984 End of AERD projoct,

Mid 1985 Extension of AERD subproject to end 1986,

Mid 1985 Abandon Schneider engine due to

unsatisfactory performance (tests by
Korean licensee).

Mid 1985 Start civil work at Kakroi site.

.. <0 1985 Selection and order of Essex turbine.
Late 1986 Controller ready for shipment.

Late 1986 Protocol of testr of controller reguested

by AHEC from BU - no response as yet,

Late 1986 Instaillation spacification for Essex
turbine requestad by AHEC from BU = no
response as yet,

End 1986 End of AERD project.
Early 1987 Essex turbine delivered in Bombay.
Early 1987 Kakroi site partially ready: DHEL turbine

installed, Voess~Alpine turhine partially
installed,
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description may be approximate but they are probably close
enough to reality to identify the major roadblocks which
prevented the subproject from reaching its objectives. Four
major roadbiocks can be identified:

s Transfer of the Principal Investigator from
Colorado State University (CSU) to Boston
University (BU). Negotiations of an agreement
with BU wunder AERD and the move of the
principal investigator from CSU to BU certainly
resulted in a less than fully productive
period, In retrospect, it might have been
preferable to keep the project at CSU and
assign a new principal investigator, parti-
cularly in view of the fact that at the time of
the transfer BU was not (and probably is not as
now) fully equipped to test the coniroller.

. Selection of the prototype Schneider turbine.
This system was selected on the basis of its
high claimed efficiency. Tests conducted in
California indicated that the system was not as
efficient as claimed and that the design had
flaws. Further testing by the Korean licensee/
manufacturer confirmed this and the system waa
rightly abandoned in favor of a more conven-
tional, more reliable, design (Essex turbine).
This situation resulted in a delay of at least
two years in the procurement of a turbine for
the Kakroi site, It is not clear how the
Schneider turbine was selected or.iginally, but
its unusally high claimed efficiency combined
with less than convincing performance in
California should have raised questions as
early as mid 1983, A small panel of experts
could have been called in at the time, which
probably would have advised caution and
selection of a more reliable turbine,.
Enthusiasm for an apparently revolutionary
design may have overtaken caution in this case,

- Development of the controller. This element of
the subproisct has been seriously lagging
throughout the project. The reasons for this
are not clear but could be that too many
sophisticated functions were included and that
the goals may have been somewhat unrealistic
for a first attempt at a prototype controller,
On several occasions, the prototype was tested
and rejected for lack of satisfactory
performance. A careful review of the goals
could have been done at those times and less
complex objectives defined, which, while not
necessarily providing a fully developed
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prototype, might have provided a "proof of
concept"” of the approach of automatic load
management .,

- Interaction and management. In contrast to
some other projects (gasifier projects for
example =~- Secticn 3.2) for which clearly
defined objectives and timetables were
established early in the p:ioject and during
which periodic reviews of achievements and
revision of the plans took place through joint
meetings of the U.S. and teams involved, this
project appears to have lacked this kind of
constructiva interaction and management.,
Several situations (referred to above) occured
when the opportunity and the need, for this
kind of inte.action existed, but unfortunately
nobody assumed the leadrrship required, This
could be due to a lack of definition of the
respective roles of the parties involved. In
recent months from about October 1, 1986 on,
reminders that the project was due tc¢ end by
December 31, 1986 and that progress reports
were due, were sent to BU by USAID and AHEC.

Independently of the work pursued under AERD, the
development of the Kakroi site, which is necessary for the
testing of turbines, is a complex enterprise involving AHEC at
Roorkee (4 hours by car from the site), State aguncies
responsible for waterways and power generation and the
engineering firm doing the work, All parties inveolved have
done a very credible job but the administrative problems
encountered should be documented 80 as to be able to
streamline operations when further projects are undertaken,

0. Procurement Efforts

The subprojact called for the transfer of laboratory and
field equipment (turbine). Most of the equipnent has been
shipped and received. Some potential problems could have
occured at customs because the description of the equipment
shipped did not reach AFEC on time,

£ Management Effectiveness

The problem of management and interaction at the level of
the Indian and U,§8, counterparts have been described in
Section 3,4.3.d4, above; they can be summarized as a lack of
initial planning (tasks/schedules), lack of periodic reviews
and overall lack cf clearly defined leadership.

This leadership could have been assumed by DNES and/or
UBAID, Unfortunately, until very recently, neither
ot?anlzntlon has taken necessary steps to untangle what can
only be characterized as a mess,
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g. Effectiveness of U.S. Technology Transfer

A U.S,-made turbine was transfered for comparative
testing with Indian and other foreign units. So far, no
direct contact between AHEC and the U.S. manufacturer appear
to have taken place. Despite requests from AHEC, installation
specifications and drawings have not been sent, which has
prevented AHEC from preparing the site for turbine
installation, A visit by a U,S, technician is planned for the
installation and commissioning of the ¢turbine which will
establish a direct link between the U.S. manufacturer and
AHEC, Once the system is operational, the Indian team is
quite qualified to operate the system.

Depending on the outcome of the comparative tests,
further contacts between the U.S. and Indian manufacturers may
be pursued,.

i. Relevance of Collaborative Effort and Study Tours

A civil engineer received training at CSU., This stay was
very successful and has resulted in the incorporation of
improved designs for the civil works of projects carried by
AHEC, There are indications that ¢this contact will be
maintained and result in fruitful exchanges of information.

As indicated above, little interaction appears to have
taken place between AHEC and BU during the design and
development of the prototype controller, Equipment was sent
to AHEC, but without the necessary training, its usefulness is
limited, A study tour by professor D, Das, which was to
include controller design activities at BU, proved
disappointing because BU's laboratory was not operational at
the time.

I Fconomic Viability of the Technology

Two major applications appear feasible for the
technology: low=~land ?onoration along canals which may be
within a reasonable distance of the grid and generation of
power for isolated villages (mostly in hills).

In the first case, access to the grid, the low-head unit
could provide free or low cost electricity to a group of
villages and sell the remainder to the local power authority
at a predetermined price. This option is baing considered for
the Kakroi project where the State Power Agency has offered to
purchase power at Rs, 0.8 /KWH., It has been argued thac a
generating capacity of a few hundred KW mar not be of interest
to utilities; however, if a series of low=head plants are
installed along a canal (every 10 to 15 Km for example), the
total capacity may reach several MW, a level of capacity which
may be of interest to the local grid,
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It is obviously tod early to make completely realistic
projections of the economics of the system; indeed, one of the
main objectives of the Kakroi and other project sites is to
generate the data base needed for such analysis. However,
preliminary analysis (see Appendix C) suggests that, on the
basis of prices quoted for Kakroi, the return on the investment
could be attractive for an investor (situation comparable to
that projected for wind mill farms in Gujarat).

The case of villages in hills is less clear,
Conceptually, producing commodities saleable on the local
market is a good idea. However, the market for some of the
commodities (hydrogen/oxygen, distilled water) is limited in
isolated rucal areas. Further, if sufficient biomass is
available to manufacture briquettes, why not use a gasifier
which prica per KW installed is lower than that of turbines.
Similarly, the cost of fertilizer produced from electricity
will be very high (28 gr production/3 KWH) and requires a
source of phosphate in the nroximity of the wsite., Some more
basic "dummy" loads more appropriate to the village
environment may have to be considered (water pumping storage,
hot water, driers, storage of food, etc.). The needs may not
be sufficient ¢to absorb the full extra capacity. The
economics are complex and unclear and may in fact suggest that
the concept of maximum load uti)ization may not be practical
in the context considered,

K. Institution Building Efforts

The delivery and planned installation and operation of
the Essex turbine will contribute to AHEC's goal of developing
a data base of turbine performance and economics which will
help in future development of the low-haad hydro resource in
the country.

The other facet of the program, i.,e, controller
development, which should have resulted in establishing a
capability for the development of electronic micro-controllers
has not been achieved,

1 Utility and Importance of Effort - Recommendations

In view of the large resource avallable and of the
encouraging preliminary ecoromics, this subproject {is
cartainly relevant,

Should the UBAID involvement stop at this stage, an
important element cof the subproject (electronic control) would
be mieseing., Apart from creating a feeling of frustration
on the part of the Indian scientists involved, it would also
delay the establishment of an important component of AMHEC
research capability,







66

followed., A carefully designed evaluation plan should be
laid-out before initiation of the project to ensure that the
maximum possible information is gathered.

d, Barriers and Constraints

The project was proposed and approved, in principle, in
1985. Since then several difficulties concerning the
selection and procurement of the equipment were encountered:

o originally, GEDA proposed to procure
the agquipment,

e end of 1985: GEDA suggested USAID procure the
equipment,

e carly 1986: specifications were prepared by a

U.S8. contractor (TVA)

e May 1986; decision is taken to search
negotiated bids for R&D equipment

e end 1986: GEDA proposes to do the procurement
expecting to negotiate a lower price

e carly 1987: authorization to proceed is expected
shortly fiom the Indian Department .f
Economic Affaire.

Initiation of the project has been delayed for a number
of reasons,

The attempt at selecting a U,5. manufacturer willing to
provide equipment responding to the specifications proved
fruitless; this step could have been avoided by involving a
knowledgeable U.8, consultant in the initial discussiors who
could have confirmed that no U.S§, manufacturer is prepared to
deliver fully commercial equipment in the hundred KW capacity
range. The PETC team responsible for the gasifier projects
under AERD included such specialists, Switching back and
forth the responsibility for procurement between GEDA and
USAID also proved time consuming.

Finally, as all other projects, this project requires the
authorization of the Indian Department of Economic Affairs to
proceed, To request this authorization, a budget must be
submitted which requires a preliminary (unofficial) round of
bids, which must be followed by a final round of bids once the
project is authorized, These procedures imposed by the Indian
?ovarnmqnt can probably not be simplified, but some stream=
ining of the preliminary steps should be considered,




Procurement Efforts

Described in Section 3.4.4.d4. above.

f. Management Effectiveness

The proposal calls for the creation of a monitoring
committee including representatives and experts from the
parties involved, i.e. DNES, USAID, GDDC and GROFED to
supervise and review the progress,

Clearcut objectives and schedules as well as
responsibilities will have to be established for the committee
to be effective,

g. Effectiveness of U.S. Technology Transfer

The gasifier unit will be provided by a U.S,.
manufacturer. Apart from the installation and commissioning
of the unit, the proposal does not indicate that further links
with the U.S5. manufacturer will be maintained (see Section
J.4.1. below).

h. Relevence of Technology Selected

As indicated ecarlier, the technolecgy appears promising
for the context in which it is tested. If the demonstration
is conclusive, it will facilitate commercialization.

i. Relevance of Collaborative Effort

The fact that the U.S8. manufacturer can only provide a
R&D or precommercial gasifier unit suggests that the
manufacturer could benefit from the data generated during the
demonstration, The proposal doos not mention this
collaborative aspect. It is suggested that the manufacturer
be involved in the design of the testing and data gathering
procedures and that a mechanism be established whereby the
manufacturaer will be Kkept informed of the progress of the
demonstration,

Economic Viability

The fact that the gasifier should provide uninterrupted
power to the two industries may be enough of an economic
advantage to justify this kind of captive power plant., The
low cost of the fuel and high usage factor also suggest that
the unit could be competitive with grid power.

K, Institution Building Efforts

A successful demonstration will reinforce DNES and GEDA's
capability for implementating industrial gasifier applica-
tions,
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It is recommended that the project be pursued, with the
proviso that clearly defined plan of action and data gathering
procedures be established and that the U.S5. manufacturer be
involved in the demonstration.

3.4.5 Thin Film Collector Technology

a. Project Description and Selection Criteria

The first project dealing with solar energy -- Field Test
of Polymer Thin Film Collectors, Section 3.4.1 =-- indicated
that the advanced design for flat plate solar collectors
proposed by BNL had definitely better cost and performance
characteristics that the averaqge collectors currently produced
in India., The development and, ultimately, commercialization
of the technology could have a very favorable impact on
India's solar thermal energy industry.

The present project is a follow-up of the original
project, 1Its objectives are to advance the technology and
applications of thin film collectors by establishing the
capability of thin film materials testing and of hot water
system designing and by promoting the technology through
workshops and information exchange,

b. Proqress to Date

Table 3.8 lists the tasks included in the scope of work
and indicate their degree of completion,

The detailed work plan has been completed. Although it
does not i{dentify time frames for completion of the variouas
tasks, if one assumes that the propored exchanges of
scientists indicated on the schedule correspond approximately
to training and .et-up activities, the plan should parmit
completion of the program if schedules are adhered to.
Although USBAID had insisted on quarterly progress reporte in
its Revised Statement of Work (January 86), no mention is made
of these in the Work Plan submitted and the first quarterly
report due has not been submitted to USAID,.

The project was initiated in August 1986 and {s due to be
completed at the end of Saptember 1987, Work is ongoing on
all tasks; the status reported in Table 3.7 is based on
records of correspondence between BNL and UGAID and on
conversations with DNES-SEC,

Items ¢, d, and & cannot be evaluated at present,

f. Management Nffectiveness

DNES and BNL, through numerous cable requests, have
expressed concern about the delay in the approval process for
the current project (Phase 11), This delay was motivated by
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Table 3.8 Thin Film Technology Subproject
Scope and Current Status

Tasks
1. Detailed Program Plan
2. Experimental Test Facility
- Set up
Training
- Tests
3. Design of Hot Water Systems

- Hardware/Software

= Training

- Design Studies
Workshop/Information Exchange

Equipment FProcurement

Status
Completed
Early 1987

Planned
Not completed

Early 1987
Planned
Not completed

Not completed

Partially
completed




USAID's insistence on focussing the program on objectives
compatible with BNL's expertise and compatible with DNES/SEC's
goals of promoting solar thermal energy. In the long run,
these delay: may be benefical because there is a better chance
to reach the objectives of a well-defined program than those
of a broad, all-encompassing project,.

Items g, h, i and j cannot be evaluated at present,

K. Institution Building Efforts

If successfully completed, the project will largely
increase SEC'S capability ‘o conduct quality research, The
ties with BNL will also be enhanced.

The full benefit of the program, i.e. to establish SEC as
a leader and innovator in solar technology among India‘'s solar
community, will only be achieved if the Information
Dissemination (including workshops) task is emphasized., This
is assential because such an opportunity was missed in the
first program,

l. Utility and Importance of Effort - Recommendations

If successfu), the program will provide data which should
enable DNES and a panel of experts to evaluate the potential
of thin film collectors in India,

It is recommended that dissemination efforts be
undertaken as soon as possible, A first step could ba to send
a letter/pamphlet to all known manufacturers of collectors,
describing the thin film collector (advantages, performances,
estimated costs, etc.,) with an enrlosed return card by which
the manufacturers could express theais interest and request
more information., For those manufacturers having exprassed
interest, a second step could be to offer one free (or nominal
cost) collector for testing., The offer would be tied to the
manufacturer's agreement to send back performance data,

comments, nAuggestions, etc. by completing a test form
designed by DNES., Such an approach (or some variation of it)
would have several advantages: it would involve the

manufacturers, it would establish a dialogue between DNES-BEC
and the private sector, it would provide some field exposure
and data, and, some useful suggestions may be provided by the
manufacturess which could be analyzed and evaluated durirg the
project, It weculd also show that DNES/SEC “"means business®
and is confident that the technology it promotes is superior
tO current systems, Such a plan would require a certain
investment on the part of DNES, but it is felt that the
potential benefits in terms of future commercialization
outweight the cost,
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4.0 OVERALL PROJECT ACCOMPLISHMENTS

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

4,1 Biomass Production, Biomass Conversion, Enerqy Efficiency
and Information Exchange Subprojects

This subsection attempts to rank the subprojects on the
basis of fourteen categories: to the twelve categories
suggested to the evaluation team, a documentation/
dissemination and environmental categories were added. The
purpose 1is not to 1ake 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:

: Not done

: Poor

: Not Satisfactory
: Fair/Satisfactory
: Good

¢+ Very Good

Naswno=Oo

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

A low ranking indicates problems in the category considered;
for instance, a low ranking under "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 projects.

The following general comments can be made:

- Project Selection: Most projects were well selected =~
prospects for the technologies, potential impact, Indian
capabilities., Two exceptions: energy efficiency which does
not address the real problem and hydro load management which
appears too optimistic and not quite realistic. Batter
definition of the projects should have taken place during the
initiation phase of the projects. A third project, biomass
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procduction, is also ranked somewhat low; this 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 their 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's capability of
increasing the use of non-conventional energy to displace
petroleum derived fuels (ranking between parenthesis refer to
unfinished projects which, if successful, could attain these
objectivzcs) . Energy efficiency hydro load management and
biomass production in its present form are exceptions.

- Barriers and Constraints: Several projects faced serious
problems whicn hindered their progress. The low head 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 backgrouid information and a well defined chain of
responsibilities. The marketing aspects of the thin film
collector project could have been better served had a
subcontractor specializing in market analysis been selected.

-~ rrocurement Efforts: All projects have had to deal with the
complex and frustrating formalities of Indian customs,
Although the equipment imported, being for research purposes,
should not be subjected to the standard inquiries of whether
it can be secured in India or not, many delays have resulted
from the administrative roadblocks that have to be overccme to
import research equipment in the country.

Most projects encountered procurement problems: poor
documentation of shipments, poor documentation of equipment
characteristics, missing or broken parts, lack of testing of
equipment prior to shipment, and others. Some of these have
compounded the general problem of customs clearance alluded to
above,

In several cases, it turned out that, after delivery of
the research aequipment, the required calibration gases were
not available in India, A serious oversight, which resulted
in the said equipment being idle for much of the project
period. The problem was further amplified when it turned out
that the U,8, carrier landing in India refused to accept
compressed gas bottles as freight; a foreian czirier had to be
identified and the necessary waivers obtained before the
calibration gases could be shipped from the United States.




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's
responsibility =-- timnely documentation, follow-up reguests,
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 "carried the ball" insuring that
objectives, schedules and budget were respected. In those
instances the role of DNES/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 DNES (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 DNES/AID as 1is
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 themselves at which point
review/reorganization/updated planning of the projects could
have occurred. Thetie opportunities were not seized. Many of
the difficulties were of an administrative/organization nature
(structuring of progrim, selection of equipment, procurement,
etc.), areas in which it is felt DNES/AID should have stepped
in more forcefully. More pressure should also have been
applied to the U.S, contractor (BU) responsible for the
hydroproject and, retrogpectively, the decision of
transferring the project from CSU to BU can be questioned,
Inputs from an independent panel or individual could probably
have avoided some delays.

Finally, delays were encountered in ianitiating the
follow=up thin film collector project. These delays rasulted
from AID's desire to focus the project on well defined
objectives, a good management decision. Some time might have
been saved had AID stated more clearly from the start the
framework within which it would consider a follow=up project.




- U.S. Technology Transfer: Several projects have resulted
in effective transfer; 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 delivering
and commissioning the equipment. An effective feedback
mechanism to the U.S. private sector should be established.

- Relevance of Technology Selected: Most of the
technologies selected appear to offer good potential for
implementation and for contributing to the goals of the AERD
project.

The relevance of the load management controller project,
although conceptually valid, is questionable; the objectives
appear somewhat 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 about the <collaboration received from the U.S.
contractors for the small gasifiers, solar and energy
efficiency projects,

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

The suppliers of the turbine and gasifier demo units
should be brought into the collaborative efforts as was
pointed out before.

The collaborative support received from BU (load
controller) has been minimal and raises again the questions of
selection of the contractors and of monitoring of the
projects,

- Economic Viability: All projects except load management,
appear to be reasonably viable economically at present. Much
data needs to be collected bofore more reliable assessments
can be made,

- Institution Building Efforts: Several institutions have,
or will, benefit from the project by having enhanced their
research capability and by establishing themselves as credible
research centers,
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The energy efficiency project has confirmed CEl'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 dissemination
efforts. This reduces the potential benefits of the project,
particularly regarding the building of institutions,. As
suggested 2above closer monitoring of this aspect of the
projects should be provided.

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

- Environmental: The gasifier projects, particularly wood
based, do raise the issue of overuse of an already scarce
resource if dissemination is attempted before reliable sources
of wood fuel such 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 technologies considered, if properly
implemented, have little or no impact on the environment,

Overall, most projects have been reasonably successful,.

The less successful projects point to some problems which
shoula be addressed (see Chapter 5).

4.2 Coal Projects

4.2.1 Fulfillment of Project Objectives

Annual workshops, periodic reports and site visits were
instrumental in keeping all projects moving uhead and close to
the milepost schedules established., Officials from both the
United States and India were explicit in their praise of this
program. The projects pursued were carefully selected from
soveral possibilities to assume both countries of mutual
benafit,

Selection Criteria and Progress to Date

Objectives established were reached with rare exception
having to do with import approvals which take time due to
administrative delays, The U.8. manufacturers were prompt in
making equipment available for export and U.§5, export




approvals were obtained 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 facilities 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 established new ones. A summary of the Coal
Development Projects is shown in Table 4.2,

Recommendations

The USAID/GOI program met most of its goals and some
selected parts are poised for continued R & D activity. In
particular, the larger fluidized-bed combustion unit is ready
for operation to prove the experience gained with smaller
systems in the U,S, and in India. The technology seems ready
for expansion to larger scale where it will be determined that
the extrapolated data is applicable or not. Because of the
experience and background of the individuals involved, a high
degree of success is anticipated.

Accomplishments of the program are the result of
continuous monitoring and the ability of the prime contractor,
Viking Energy Corporation (VEC) to make appropriate local
arrangements in India. The importance of the ability to work
with local officials cannot be overemphasized. After careful
review and analysis it is apparent that parts of the proposed
new program, based on past successess, is ready for continued
support.,

4,2.2 Current Status

Extreme efforts by the personnel at each location made
vossible the bulk of the accomplishments. Long delays in
approval of imported equipment made completion of some
projects impossible or tests were made i{n haste to demonstrate
the commitment of those involved to the projects. Extension
on some projects has already been granted so that work can
continue while the new funding is being organized. In the
case of BHEL, the corporation has continued the support. On
the day the raeview teams visited, all projects seemed to be
underway.

4,2.) Project Management and Design

The proposals as set out in 1982 were apparently well
conceived, Only minor changes were needed to fulfill the
objectives reached., Unfortunately, internal problems, similar
to most countries that must import much of their goods, exist
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in India too. Some management was exercised locally by DNES
but acquisition of material and equipment had to be provicded
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 considerable time
spent at BHEL-T by a representative from the Oak Ridge
National Laboratory.

4.2.4 Technology Readiness/Applicat.on

Only one project can be considered ready for application.
Design was completed and evaluated for the 30 MWe scale up.
There are places where this technology is applicable. Concern
was expressed at BHEL that unless the program is continued,
the commercial partner may drop out, On the other hand
several smaller AFBC units ~re already operating in widely
dispersed locations in India and BHEL seems committed to
continue the development. 'The next technology will probably
be the combustion of coal-water mixtures., Burner designs with
erosion resistant inserts should be proven out within the next
two Yyears. Significant testing will be completed in the
burner test chamber and in the AFBC units. Finally, the high
pressure/high temperature gas clean up will follow in about 3
to 5 years. There are still some questions of solids
transport, stabiiity and vessel design that must be answered,

The other three projects are nowhere near application or
on a scale that has no practical significance. At least two
of them, coal-water-mixtuves and cold gas clean up are
academic in nature, The third project has little chance of
success because of the mode of ash distribution in Indian
coals. Fine grinding does not significantly isolate ash from
the coal matrix. Petrographic thin sections should provide
the answer to this comment. Some other reasonable approach to
ash removal is necessary, coal preparation technology or acid
oxtraction are probably not the answer. The nearest scheme
that seems to make sense is gasification or combustion to
yleld hot gases for downstream application despite the high
~sh burden, Plans are being considered for ash utilization
with or without unburned residue,
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5.0 RECOMMENDATIONS

Sl Biomass Production, Biomass Conversion, Energy
Efficiency and Information Exchange Projects

The following present some general recommendations
regarding the management of projects as well as more specific
recommendations concerning individual projects.

L L L General

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

- Project Design and Initiation: The objectives of the
projects should be clearly defined on the basis of their
relevance to the Indian energy situation, economic potential
and potential for implementation.

- Project Implementation and Monitoring: The first task of
all projects should be to establish 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 are essential to
identify problems early.

Frojects should be monitored regularly by DNES and AID.
It is recommended that joint meetings be held regularly
(quarterly) to review on-going projects. Critical path charts
should be established for each project. The objective is to
make contractors accountable and feel that someone is activelv
interested in their progress.

It is felt that some contractors have, willingly or not,
dealt alternatively with either DNES or AID, creating a
confusing situation, A clear chain of communication should be
established between DNES and AID and contractors should be
informed of this. Independently of who takes the lead in the
monitoring process (DNES or AID), the other institution should
receive copies of all communication ¢to and from the
contractors; this is essential if the DNES/USAID review
meatings are to be effective,

As a last resort, DNES/AID can postpone funding until
some identified objective has been achieved by contractors.
This option has been exercised recantly by USAID in regard to
the hydro project (BU): a few more decisions of this type may
be needed for the word to spread among contractors that they
are accountable and must deliver,

It is understood that all cases are not clear-cut and
that numerous unpredictible events can delay projects. There
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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 biomass 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
follows:

DNES:

1% Definition of Projects: There is a need for preliminary
systems analyses before projects are launched. These should
be a preliminary implementation 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 are the cost/
performance parameters that must be matched, is the technology
or the particular application attractive at all, etc. The
purpose of AERD or similar projects is not to develop another
gadget but to try tc¢ promote meaningful non-conventional
energy alternatives for India.

2. Initiation of Projects: Launching a project requires
multiple approvals from various Indian ministries and
agencies, After projects are defined, see 1. above, DNES
should play the lead role in getting the project(s) approved
by the Indian bureaucracy. An aggressive and determined
approach by DNES can only reinforce its position as a leading
agency for the promotion of non-conventional resources, which,
after all, is its charter.

Serious delays have been encountered in the initiation of
some projects (the 100 KW gasifier project is a notable
example) . It is recommended that DNES assigns the
responsibility of carrying individual projects through the
administrative system until approval is granted to individual
members of its staff, Sufficient authority and decision
making powers should be delegated to these staff members for
them to be effective in accelerating the process of approval
of projects, After the projects have been approved, these
same staff members, who by now will be familiar with the
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projects, would be responsible for day-to-day management of
the projects and for interacting with USAID to ensure
effective monitoring of the projects (see section 3 below).

<) Monitoring of Projects: Some projects have suffered frcm
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 suggestions include:

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

® Establish a "chain of command", or, rather, a
"chain of responsibilities", between DNES and
USAID for each project. Who is leading, who is
in charge, etc,, and inform the contractors, so
no games can be played.

® Request quarterly reports from all contractors.
There should be no exceptions to this,

® Have quarterly reviews with USAID, and take
appropriate measures if the original work plan
is not adhered to.

4. Dissemination and Marketing: Several projects have not
fulfilled their objer*ive of disseminating the technology
being pursued. It 15 imperative for DNES to ensure that
positive aspects of projects are advertized: further support
of projects will only happen if the "power to bhe" in the U.S.
feel that their efforts are recognized and appreciated.
Further, DNES can only establish itself as the "non-
conventional energy" agency if it shows positive and
meaningful contributions to Indian's energy situation. There
appears to be some interest by Indian industries for some of
the technologies developed under AERD and this interest should
be pursued actively all across India.

5., Customs: Many delays and problems have resulted from the
rigid structure of 1India's custom regulations. It |is
imperative that DNES negotiates a simplication of the
procedures for importing U.S8. Research and Development

equipmen’ needed by Indian institutions for pursuing AERD or
similar projects.

USAID:

Many of the suggestions made for DNES do apply, mutatis
mutandis, for USAID and should be implemented in parallel as
many of them require the cooperation of both agencies.

1, Definition of Projects: The need to focus projects on
meaningful and realistic goals has been stressed above. USAID
must insist that DNES presents a realistic assessment 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 DNES'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 the approval of projects;
if these were to be exceeded without serious reasons, such as
a change of administration for example, the funds earmarked
for the project would be transfered to other activities.

3. Monitoring of Projects: USAID should take the lead in
establishing 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 should be emphasized
and stressed with USAID's counterparts.

S, Procurement: Independently of customs regqgulations, some
problems have been encountered with the procurement of
equipment from the U.S.: missing parts, broken parts, lack of
documentation, etc., USAID should tighten the terms of the
agreements with U,S, suppliers of equipment to minimize auch
problems.

6. Staffing: The Energy Specialist, Mr., S. Padmanabhan, has
been oxtrmnorly effective in getting a variety of projects,
some of which appeared to be drifting hopelessly, under
control. The task of monitoring, reviewing and maintaining
control over the existing projects is enormous; further, the
new initiatives, such as ERE, planned for the near future will
also require his technical expertise. It is therefore felt
that the appointment of a second technical expert should
seriously be considered, Alternatively, the long=term support
of consultants should be considered in order to avoid the
problems that have plagued some of the AERD projects.
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5V1%2 Individuall Projects

a. Gasification Projects

In the course of the evaluation, gasification projects
other than those included in the AERD project were observed at
Roorkee University (5HP), Jyoti Ltd. (manufacturer - 5 to 10
HP range) and IIS, Bangalore (5-10 HP and 100 KW),.
Reportedly, there are other groups actively engaged in
gasification.

The units observed ranged from laboratory demonstration
units tested in the field to pre-commerclal/commercial units
having reached variable degrees of engineering sophistication,
Some observations were made:

a there seems to be little coordination/
information exchange between research groups,

° preliminary economics (see Appendix C) indicate
that costs of wood and hours of utilization are
critical factors. Cost of units s less
critical (although capital availability is
essential),

@ a variety of scenarios for utilization are
considered, including irrigation, village
electrification, small/medium industries,
associated with a variety of scenarios for fuel
production, wood waste briquettes, aetc., but
few attempts have been made at avaluating the
feasibility/economics of clearly identified
scenarios or complete systems from fuel
production to end-use (IIS has made such an
attempt which was reviewed by the team),

° no mass/energy balances have been made and the
relative merits of charcoal versus wood in
tarms of resource utilization has not been
addressed,

@ there is a need for large scale precommercial
deronstrations. Such a demonstration (20
units) is currently implemented by IIS with che
support of the Karnataka 8State Council for
fcience and Technology (KSCS8T). The project
involves one week of training including
teaching video tapes. The same team has built
a 100 ¥W unit which will be tested shortly,

- sevaral manufacturers have expressed interest
in commercializing gasifiers.
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Recommendations for Current Projects

- IIT projects

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 DNES
support. The teams are capable of pursuing research on their
own, no further support is recommended.

- SPRERI project

The project has reached most of its objectives and is
well equiped to pursue research. No further support is
recommended.

- 100 KW Gasifier Project (GEDA)

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

1. The steering committee (DNES, GEDA, GDDC, GROFED) should
appoint an executive 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 DNES and GEDA
representatives to insure the regular/effective monitoring. A
detailed work plan is essential.

Periodic, and reqular, reviews and evaluation by an
outside consultant should be considered by USAID,

2. Define an effective data gathering plan including all
aspects of the system, fuel transpoxtation/preparations,
maintenance/repair costs, fuel characterization/preparation/
consumption, etc., Define anc ytical methods to be used for
interpretation of technical and economic data. Involve the
gasifier manufacturer and a consultant in this process.

X} Establish procedures by which the manufacturer will be
informed of progress and can interact with the GEDA team.

LI Make the GDDC-GROFED operations energy efficient.
Because of the high capital cost of alternative technologies,
uystems using these technologies should be made energy
efficient to reduce capital investment (in the present case,
reduction of electric consumption by the facilitie=z would
result in more power sold to the grid)., Further, implementing
energy conservation in these industries would constitute
interesting case studies to promote conservation.
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Conservation should be implemented before gasifier
operation is started so 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.

9% The option of waste heat recovery should be considered
during the energy efficiency analysis suggested in (4). If
this makes 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,

Recommendations for New Projects

The review presented above indicates that many activities
are 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
useful data is probably available than is apparent.

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

1. Sponsor a review of Indian gasification projects and

prospects.,
This should include:

Description of ongoing projects (data sheets for each)
Summary of characteristics/performance

Case studies - feasibility/economics

Foreign activities

Manufacturers.

This study should be conducted by a U.S8. contractor and
an Indian group and would constitute a reference data base for
dissemination and planning purposes. Computerizing this data
rhould be considered.

This study would also be a useful reference document for
the evaluation of gasifier proposals under ERE,

2, Sponsor a Gasification Workshop

This second step, which could be organized by DNES, would
bring together all research groups identified in the review,
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state agencies, end-users, manufacturers and foreign
researchers.

b. Low Head Hydro

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 months extension with no, or minimal,
supplementary funding.

2% Extension should only be considered if a clear and
definite commitment is received from BU concerning the
remaining tasks. A cable to that effect has been sent by
USA1LD.

Similarly a clear scheduling commitment regarding the
Kakroi site should be demanded from Roorkee University.
A proposed work schedulc¢ was supposed to have been
provided to DNES three days after the team's visit at
Roorkee.

3, Establish effective channels of communication between
DNES, AID, AHEC and BU for coordination/monitoring of the
project and request quarterly reports.

q. Involve the U.,S., supplier cof the turbine in the data
gathering and data analysis process.

-1 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", less sophisticated unit. This option should
not be discussed with BU until such time at which it is
recognized that BU will not be capable of delivering the
promised prototype. Such a readjustment should include a
reduced level of funding.

Recommendations for New Projects

The team has expressed some reservations concerning the
economic viability of low head hydro with load management in
the context of isolated villages or grcups of villages., Most
questionable is the nature of the "dummy" loads proposed
(hydrolysis, fertilizer, etc.). Although conceptually
attractive, the concept does not seem to have been thoroughly
discussed.
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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 include:

- 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.

(o) Enerqy Efficiency

- Background

Some relevant aspects about energy conservation are as
follows:

- Much information regarding energy cornsumption 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 akout 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 incentives for the installation of
conservation measures but until recently no single entity
was mandated to promote conservation,

- Several Association of Industries (Textile, Petroleum,
National Productivity Council, NPC) provide audit
services to their members; no support for implementation,
management or financing is provided,

- A few consulting firms offer audits/recommendations to
industry, but none offer complete conservation packagus
as is the case in the U.S8.,

- Much could be gained by translating the U.S8. experience
in conservation implementation to the Indian context,
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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 considered for a number of reasons:

- the first phase -- industry surveys, audits, selection of
a candidate Zfor demonstration, etc., =-- to be supported
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 limited to the installation of
conservation devices; no real effort towards building an
Indian infrastructure to promote conservation |is
apparent.

- the project proposes to transfer 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 at generating
business fo. E3I than at resolving India's problems,

kRecommendations for the Ongoing Project

One more workshop will be organized in Delhi, probably
towards the end of 1987, The tentative subject is energy
management systems. This is probably an appropriate topic
because it may bring forward some of the procedures used in
American industries to achieve energy efficiency.

Recommendations for New Projects

It is recommended that a demonstration conservation
project be implemented in an industry, textile is suggested.

The project would be carried by one of the Taxtile
Producers Association; these associations have established
their credibility amongst their members, they already provide
audits and they are good vehicles for disseminating the
technology among their members. A U.S8. contractor familiar
with the complete conservation services will provide the
support needed to transfer approaches used in the U.8, to the
Indian context. If successful, this project could be
replicated among other associations. The NPC is a private and
very dynamic institution maintaining contacts with the GOI and
all industries across India. They could act as catalyst to
promote conservation among industrial associations.
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d. Solar Projects

- Testing of Thin Film Solar Collectors

Project concluded; following project ongoing,

- Thin Film Technology

Project initiated and on track.
Monitoring and dissemination must be stressed,

It is recommended that dissemination efforts be
undertaken immediately by DNES. A possible approach could be:

- Send information about the encouraging results derived
from the first project to all manufacturers on record.
Request expressions of interest from manufacturers.

- Distribute sample collectors (free or at cost) for
testing by manufacturers; comments, suggestions, and feed
back will be requested in exchange,

This approach would involve manufacturers at an early
stage of development, may provide useful suggestions for
product development and would establish DNES as a forward
looking institution in the field of solar energy.

Recommendations for New Proijects

It is recommended that USAID commissions a realistic
market study for solar thermal energy in India, The study
should include sensitivity analysis related to a range of
performance characteristics and cost, This would define
ranges of economic viability for the systems considered. The
study would also be useful in analyzing ERE proposals dealing
with solar thermal applications.

. Enerqy Modeling

Project completed and ongoing., After the model has been
tested fully and improvements have been completed,
environmental cost/benefits resulting from energy policies
should be included in the model.

$:1,3 Priorities/Actions

The following is a tentative list of priorities for
initiation/implementation of the «ecommendations made above
(refer to above sections for actions recommended),

Immediate (January=February 87)

1, Low=llead Hydro




2. 100 KW Gasifier Demo (As soon as project approved)

35 Initiate improvement of monitoring procedures as projects
1 and 2 above develop.

Mid-Term (March-July 87)

1. Initiate Energy Conservation Demonstration
2. Initiate Solar Dissemination Programs

3. Initiate gasifier/low-head studies

q. Keep improving monitoring procedures

Long=Term (Auqust 87 on)

1. Insure that dissemination of solar project occurs
2. Maintain close monitoring of projects

5.2 Fossil Fuels

About twenty years ago commercial power from all sources
exceeded the amount of energy consumed in the commercial
sector. However, recent statistics show a continued totel
energy growth but commercial use increased faster than the
domestic ccnsumption. The persistent growth, of course,
increased the demand on both local and imported fuels with the
obvious consequence of more costly imports of petroleum,
deforestation and greater demand for imports of coal, Stress
on the energy economy can be reduced somewhat by developing
more efficlent ways to apply the fuels that are consumed, The
present coal utilization program can mitigate the undesirable
aspects already described by demcnltrat?nq new mathods of
processing Indian coals., A good start has been made to apply
new technology to the planned expansion and upgrading of
energy production., The Government of India has an extensive
program financed in small part by the United States. Of the
U.8., financed segments, the projects are listed in priority
order as evaluated by the review team,

Near Term Development

Fluidized-bed combustion will continue to be developed in
two areas regardless of outside support, Performance of the
freeboard area of the Atmospheric Fluidized-Bed Combustor
(AFBC) needes to be evaluated as will be the combustion of
coal-water slurries and nozzles for injecting slurries into
combustion chambars. These projects provide the basis of
commercially sized plants that will need major international
suppliers of instruments, coal handling equipment, speciality
steels, pumps, fans, etc,

Only the freeboard area is being supported by the USAID
but the information ?atncd in the combustion zone and the
discharge system would also be available as part of the
overall system evaluation, Fluidized bed combustion is close
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to commercialization on a large scale. Several small units
are operating satisfactorily in plants all over India,

Scale-up design of the fluidized bed combustor to 30 MWe
is completed and ready for implementation. The design is
based on experience gained from smaller units and the 20 MWe
unit at TVA. Costs for the demonstration plant will be shared
by BHEL, DNES, and a public utility customer. Some support by
USAID is recommended so that technical details derived from
the project will be available to U.S8., power plant designers
and equipment vendors. Contacts with U.S., suppliers have
already been made during the execution of the projects just
completed, Some vendors already maintain offices in India.

Similar logic is applicable to the development of
combustion nozzles and coal~water mixtures,.

A 30 MWe power plant may be suitable for a small
community that needs power for household use -~ lights, radio
and refrigeration. Such a plant might &also be operated
intermittently to provide energy only during the dark hours of
the day as is done in several parts of the world. Experience
at this 310 MWe level can also prepare the utility industry in
India for larger systems that can serve larger communities,

Financial support from USAID for all of the proposed work
is primarily for (1) training of Indian engineers at R&D
conters in the U,S8, Specialists and consultants in the U.S,
can provide the technical inputs to the project; and (2) a
bulk of the funds are nereded for the purchase of
instrumentation and analytical equipment from U.S8., suppliers.
Arrangements for travel, access to selected demonstration
sites, procurement and delivery of equipment can be adequately
handled by the engineering company that monitored the program
reported on here, The head of this company (Dr. Saluja) has
the much needad contacts both in India and the United States
to coordinate and monitor the extended program,

India's financial participation will be used to support
the local project personnel, fabrication of the combustor and
gas clean~up systems and purchase of expendable items
available domestically.

Medium Range Potential

Two projecte are of interest in the near future, The hot
gas, high pressure particulate removal system is of particular
interest because it represents a problem of long standing, If
clean hot gas is available to a combustion turbine, wer
generation may become a reality. Only a few parts per million
of solid enough to erode turbine blades and vaporized metals
can cauge deposits that are damaging, The unit under
construction may eolve both problems by contact of the raw gas
with a moving bed of alumina,
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The related medium range project is the fluidized bed
combustion system, Operation under pressure and applying
solids recycle can improve the efficiency and the recovery of
energy for steam generation., This project of pressurized
combustion is not part of the USAID program just completed but
the problems of freeboard performance are significant,

Long=Range Potential

Looking at the sraller segments of the program, cyclones,
CWM preparation at CFRI and cold gas cleanup at RRL-H, one
sees a mixed picture of research that should be pursued but
with some modifications.

Dense Medium Cyclones are used commercially but Indian
coals with high ash contents and with the ash distributed
throughout the particles are not easily cleaned with these
nystems., This research should continue but with emphasis on
new methods of disassociating the ash from the carbonaceous
matter. Suggested areas of investigation might include a
study of the surface properties of coals and solvent action.
The objective would be to decrease or eliminate the coal-ash
bonds so that dispersants might induce improved separation.

Coal-Water~Slurries, Commercial additives and a coal
derived material were evaluated for the preparation of stable
suspensions of coal in water. These suspensions are pumpable
and scable in long-term storage. When the BHEL group prepared
suspensions for their experiments, the additives evaluated at
CFRI were not applied. Power plant personnel don't like to do
chemical processing but the possibility of a simple treatment
to make the coal derived additive seems to be an interesting
alternative,

Cold Gas Cleanup can be demorstrated using charcoal and
pemipermiable membranes. The development of such systems has
merit, Hot gas cleanup is preferable for the projects now
under consideration but clean cold gas may also be preferable
for preparing nitrogen, hydrogen and carbon monoxide. Gases
removed by adsorption and diffusion systems a.e often acidic
and have a higher molecular weight, in particular, carbon
dioxide, nitrogen oxides and sulfur oxides. Local sources of
activated carbon and designed membranes for the gas systems
under consideration would be of interest.

: The other program worthy of consideration is the
Cumbustion Institute, Several companies will be interested in
combustion studieg as related to fluidiyed beds and for burner
configuration when burning high aeh coals, The problems are
unigue and would be related to equipment provided by U.S,
industries, Erosion and carbon burnout are two of the many
Erohl@mn awaiting resolution. Another area of research would
& ralated to biomass which has a near term future in India,

e e e e —
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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. Ichord, R. Archer Briefing
vee, 3, 86 MITRE Corp. A. Talib Biomass Conversion
Nov. 13, 86 NAS D. Mog Energy Efficiency
Dec. 12, 86 USATD R, Ichord, R, Archer Briefing
(NAS) D, Mog, F. Nash (Energy Efficiency)
(MITRE) A, Talib (Bioconversion)
World Bank Briefing
Dec 24, B6 BNL V. Mubay{i Thin Film Collector
Jan., 5, 87 USAID
(New Delhi) S. Padmanabhan Briefing
Jan, 5, 87 P.W. Amato
0, Cylke
Jan. 6, 87 DNES J. Gururaja Briefing
J.R, Meena
Jan, 6, 87 NPC V. Raghuraman Briefing
Jan, 6, 87 BHEL Y.P. Abbi Briefing
Jan, 7, 87 ILIT (Delhi) P.D. Grover Ganifier
H.B. Mathur Engine (Char)
Staff
118 H.§. Mukunda
(DNES) O.P. Vimal
Jan, 8, 87 IIT (Delhi) P.D., Grover Site Viait

H.B. Mathur
Staff

Engine (Char)




Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

Jan,

12,

13,

14,

14,

15,

16,

16,

87

87

87

87

87

87

87

87

#7

(DNES)
(I1S)

DNES

(I1S)

TERI

GEDA

Jyoti Ltd.

SPRERI
(previously
JSEI) and Site
Visit

CEI (Delhi)

Solar Energy

Center - Site

Roorkee
Univernity

Kakroi

Roorkee
University

Roorkee
Universitcy

DNES

DNES

K.K. Singh
H.S, Mukunda

K.K. Singh

H,8., Mukunda

R.K, Pachauri
Staff

K.S. Rao
S.B. Pacil
K.S. Shah

A.C. Gupta

F. Vyarawvalla
B.S. Vaidya
M.S5. Ramaprasad

K.M. Dho'.akia

C.5. Rao
M.B. Durgaprasad

N. Srinivasan
V. Raghuraman

5.K, Gupta

N.P, Singh

D, Das

D. Das
Project Staff

D, Dan
J. Gururaja

D, Das
J. Gururaja
Staff

J. Gururaja
5.K. Gupta
J.R, Meena

0.F, Vimal

Casifier -
Discussion

Energy Modeling

Briefing
100 KW Gasifier

Gasifier
Commercialization

Gasifier Project

Energy Efficiency
Polymer Film
Technology

Thin Film Technology

Low Head Hydro
(Briefing)
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APPENDIX B - FOSSIL FUEL PROJECTS

Itinerary - M. D. Schlesinger

Arrival at Delhi

USAID Orientation

USAID

DNES

National Productivity Council

S. Padmanabhan
Energy Specialist

Dr. F. W. Amato
Chief, Design and
Evuluation

Owen Cylke, Counselor

Dr. J. Gururaja
Advisor, Energy

V. Raghuraman, Director

Bharat Heavy Electricals Ltd, Dr, Y. P, Abbi, Manager

USAID

Delh{ to Calcutta with
V. Raghuraman

Calcutta to Dhanbad
Central Fuel Research
Institute

Central Fuel Regearch
Institute
Dhanbad to Calcutta

Caleutta to Delhi

11 (Sunday) New Delhi

Dr. R, Haque, Divector
Dr. M. Chakraborty,
Scientist & Deputy
Director

Samir Sen, Assistant
Director
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12

13

13~18

20

21=30

i

Feb 0]

Delhi to Hyderabad

Regional Research Laboratory

BHEL, Corporate R & D
(BHEL~H)

Hyderabad to Madras

Madras (Pongol)

Madras to Tiruchirapalll

Bharat Heavy Electricals Ltd,
(BHEL-T)

Tiruchipalli to Madural

Madurai to Madras

Madras to Delhd

USALD

Delhi=Frankfort

Frankfort = Pictsburgh
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Dr. . N. Reddy

N. N. Ramakrishnan
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R. 5. Rangan

K. T. U, Malliah

Ceneral Manager

K. Nandakumar

Deputy Manager, R & D

5. Rajaram

Manager
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APPENDIX C - ECONOMIC ANALYSIS

This appendix presents preliminary analyses of gasifiers
and low-head hydro systems. These analysis are not final but
are meant to support and illustrate some of the points made in
the evaluation of projects,

1. Gasifiers
The data used was obtained from a variety of Indian

sources.

Assumptions

- Capacity: 3.7 KW (shaft)

- Capital costs: gasifier-diesel-pump: Rs, 19,800-10,000
Diesel-pump: Rs., 7,000
Motor-pump: Rs. 8,000

Depreciation: straight line, 10 years
Interest: none
Maintenance: 5% capiva)/year
Operating hours: varjable
Wood cost including preparation: variable
Diesel cost: Rs, 3.58/1
Electricity: subsidized: Rs. 0,88/KWH
unsubsidized: Rs, 1,33/KWH
- Operating costs: 1/2 hour per 4 h operation, Rs. 1/hour
{gasifier and diesel)

Results
See attached figure,
Comments

- Wood fuel cost (including preparation), hours of
operation and to a lesser oxtend capital costs are the
major parameters influencing economics.

- Manual preparation of wood fuel may account for about 40%
of fuel cost; little consideration has been given to this
problem,

- For medium fuel cost (or Re, 500/MT), the gasifier should

operate at least about 2,000 hours/year to be competitive
with diesel, Village, commercial/industrial applications
are more attractive economically than irrigation (usually
about 1,000 hours/year).
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Cost per KWH is less sensitive to capital cost than to
fuel cost or hours of operation. Reducing the cost of
to 25%

10

is

almost

commercial/

6000

-— de

4,469

#

000

the gasifier unit by half results in a
reduction in cost per KWH,

- Competition with subsidized electricity
imposasible, Competition with unsubsidized electricity is
attractive. This, again, suggests that
industrial applications are preferable.

2. Low=Head Hydro Project

Assumptions
Rated power: 125 KW
Installed cont: Ra., 25,000/KW
Powar Delivered: 100 KW
Power Sold at: Rs. 0,80/KWH
Hours: variable
Interest Rate: variable

Installation costs (1000 Rs.)

Capital 3,125
Contingencies (10%) 311
Interest Rate (1%) 10 12
interest during Construction 722 873

TOTAL 4,160 4,311

Yearly Operation Costs (1000 Rs)

Interest Rate (1) 10 2
Depreciation ()0 years) 139 144
Interest 300 Ji8
M & R (2% capital) _63 6)

TOTAL 502 595

Yearly Revenue (1000 Rs,)

Hours/year 2000 4000
Revenue 160 120

180

640
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Comments

Critical economic factors include capital cost, interest,
operating hours per year and price of elecctricity.

- Under the conditions considered, the system is viable and
should return a profit for interest ratesn of 10 to 12%,

- The minimum yearly hours of operating to break even are
€,275 and 7,400 for interest rates of 10 and 12%
respectively, If the system operates 90 percent of the
time, i.e. 7,880 hours per year, the "profitable™ hours
amount to 1,600 hours (Rs., 128,000) and 460 hours (Rs.
36,000) for interest rates of 10 and 12¢ respectively,

- If the installed cost is reduced by 10% (to Rs.
22,500/KW) , all other things being equal, even at 14%
interest the system can break even,

- If the price of electricity is raised by 10% (to Rs.
0.88/KWH =~ atill below the unsubsidized price of the
grid), all other things being equal, even at 14%
interest, the system breaks even.

- This preliminary analysis does indicate that there is a
range of conditions (capital, interest, operating hours)
within which a canal based low-head hydro unit serving
villages and the grid can be economically viable on its
own merit,
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APPENDIX D - Abbreviations used in this report

ABE
AERD
AFBC
AHEC
AID
AIEI
BEEAM
BHEL
BHEL-H
BHEL~-T
BNL

BU
CASE
CEI
CFRI
CWM
CW5S
DNES
EPRI
ERE
GDDC
GEDA
GOI
GROFED

IFM
118
117
JSEI
METC
MKU/BU

MWe
NAS
NBRI
PETC
PFBC
RRL=H
Rnl;-J
R& D
SEC
SERI
SPRERI

STEC
TEESE
TERI
TVA
USBAID

Wi

Adviscry Board on Energy

Alternaie Energy Resources Development Project

Atmospheric Pressure Fluidized Bed Combustion

Alterna’ive Hydro Energy Center

Agency for International Development

Association of Indian Engineering Industries

Brookhaver Energy Economy Assessment Model

Bharat Heavy Electricals, Ltd,

BHEL, Hyderabad

BHEL, Tiruchiapalli (Trichy)

Brookhaven National Laboratory

Boston University

Commission for Additional Sources of Energy

Confederation of Engineering Industries

Central Fuel Research Institute

Coal-Water~Mixtures or synonym

Coal-Water~Slurry

Department of Non-conventional Energy Sources

Electric Power Research Institute

Energy Research and Enturprise

Gujarat Dairy Developrent Corporation

Cujarat Enorgy Development Agonecy

Government of India

Gujarat Cooperatives Oil-Seed Growers
Federation

Institute of Forest Management

Indian Institute of Science

Indian Institute of Technology

Jyoti Solar Energy Institute

Morgantown Energy Technology Center (US DOE)

Madurai-Kamraj University/Bharathidasan
University

Megawatts Electric (Output)

National Academy of Sciences

National Botanical Research Institute

Pittaburgh Energy Technology Center (US DOE)

Pressurized Fluidized Bod Combustion

Regional Research Laboratory at Hyderabad

RRL at Jaipur

Research and Development

Solar Energy Center

folar Energy Research Institute

Sardar Patel Renewable Energy Research
Institute

Solar Thermal Energy Center, now SEC

Teri Enerqgy Economy Simulation and Evaluation

Tata Energy PResearch Institute

Tennessee Valley Authority

United States Agency for International
Davelopment

Winrock International




