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I. INTRODUCTION 

The development of new technologies is generally influenced by a perceivedneed. In the of
case alternate energy technologies this was prompted by 
a
looming shortage of conventional energy sources 
such as fossil fuels and their
potential environmental health hazards. 
 The general search for clean renewable
 energy sources has been an active technical topic now for several years and hasresulted in a number of concepts and demonstrations to show that they can 
work.
 

The history of solar energy applications during this period is best viewed
in the context of the overall energy scene. The U.S. and other countriesdepend on energy resources for their maintenance and growth. Critical
shortages of resources and have
these can 
 do severe effects on nations and
their ability to 
survive. In the U.S. and other developed countries energy
shortages, or, equivalently, high 
energy costs, have contributed to economic
recessions. In the developing nations, energy shortages have a critical impact

on economic and social development efforts.
 

The oil shortages 
in the early 1970's provide important lessons of the
impact of energy on society. They also brought political forces into play by
bringing attention to the need for energy 
sources. Solar energy was one of the
most popular technologies during this 
period and resulted in a series of
rapidly 'nstalled solar energy in US and otherprograms the countries. It wasrealized early in the program that 
the economics of solar applications was a
major hurdle. To improve its chances for tax
commercial acceptance, generous

subsidies were provided and life cycle costing procedures were used to placesolar technology in a better commercial light. The most successful method ofjustification 
in the U.S. reached its commercial zenith with questionable

though creative initiatives such as 
third party financing.
 

The perception in the U.S. is that its "energy crisis" had 
passed when oil
surpluses emerged again. 
 Also, the dollar-denominated world 
oil prices first
stabilized and fell.then This led to a gradual decline in the interest inalternative 
 energy sources. Additionally, with 
 the advent of a new
administration, the previous emphasis on Federal renewable energy programs wasreversed, resulting in a sharp decline in program support for solar research 
and development. 

About this time, 1980-81, BNL revealed its discovery of method
substantially reduce the 
a to
 

cost of solar energy collection. These technical

discoveries were by theinspired recognition that for solar applications tosucceed it had to be 
commercially competitive. Unlike the tax subsidies and
other financial rationalizations, the BNL methodology was 
based exclusively on
developing cost effective technologies. The BNL approach involved a research
initiative specifically directed 
 to radically the of
reducing cost 
 solar
hardware and its installation. Through a method of cost guided research, anumber of discoveries 
were made that permitted the use of less costly
materials, simpler designs and 
a more effective use of the polymeric materials.

The projected cost of this new coocept was many times less expensive than
conventional solar 
collector 
designs. The technical evolution that has
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continued at. part of DOE supported research 
at BNL was to investigate and

develop the material science necessary to meet and possibly exceed cost goals
initiated in the BNL solar collector development activity. 

Due to the 
 nature of such discoveries 
it was felt that developing

countries could also benefit from an exploc-ation into cost effective solar
technologies. 
 During the Energy Management Training Program at BNL, the
potentially low cost BNL technology was introduced in renewable energy seminars
by Dr. Vinod Mubayi 
and Dr. David Jhirad where it evinced considerable interest
 
among some of the participants. 
This led tv ft6 eventual introduction as partof an USAID supported3 institutional support program with the Solar Thermal 
Energy Center in India. The object of this technical collaboration was to help

accelerate the technical base for this 
and other advanced solar technologies so

that it could effectively be assimilated into the Indian environment as a 
viable energy alternative.
 

While the resulting collaboration and subsequent testing of an early
version of the BNL low cost solar collector was overwhelmingly successful as

evaluated by all active participants 
in the program there remained questions by
AID officials ..n New Delhi concerning the viability of solar thermal energy in
India as well as appropriate ways to accelerate the new BNL solar technology
into the Indian market environment. The present study is being undertaken to 
answer 
these questions and to offer a preliminary plan for rapid 
commercial
 
introduction. It meant
is to represent an efficient and 
novel approach to

effect commercialization of an advznced solar technology into the Indian
commercial sector. The plan is also complemented by the parallel program to
continue institutional support between BNL and STEC. It is believed that the
institutional programs to evaluate advanced solar energy applications will 
insure credibility and confidence to the overall effort while the solar 
collector technology matures in the commercial sector.
 

2. INDIA-US DIFFERENCES IN SOLAR APPLICATIONS
 

In the current environment in the U.S., the need for solar energy has
diminished due to a drop in the prices of conventional energy, notably imported
oil. In addition the solar industry never really matured in the U.S. What 
appears to be a solar thcrmal industry is in reality a conglomeration of very
small-scale businesses man) of whor' are barely holding on and in constant fear 
of the removal of tax credits which, at 
thc Federal level, are due to expire at

the end of this year. Thc major oil companies that once had an interest in
solar thermal technology have since surrendered their solar participation to
the fragmented smaller counterpartj who have little alternative but to stick it
out with their current technology. Furthermore, the Federal government has,
since 1980, drastically reduced its support for solar energy 
development

suggesting that it belongs in the private sector. This reduction has been most 
acute for solar thermal technologies. To make matters worse, the fragile solar
industry remains dependent on old, 
 non-cost effective technologies with
 
essentially no capital base 
to pursue new technological development ventures.
 

Based on these observations, new solar technologies that offer a
breakthrough are not in a receptive environment at least from the point of view 
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of "taking off." What we can expect to occur in the U.S. is a more gradualacceptance of their potential as they mature in the limitations of aconservative market. Should future events threaten U.S. energy supplies, therewill be 
a renewed interest in solar energy, producing a very receptive attitude
towards potentially cost reducing 
 technologies such the collectoras BNL 

technology.
 

In contrast, the current attitude in India towards solar energypositive. Firstly, is morethe solar resource is comparatively abundant over most ofthe country; secondly, there is acute
an shortage of conventional 
energy
supplies. The combination of these two factors have led the government,both Central and State levels, to launch an active 
at 

promotional programsolar energy development. 
for 

While specific elements of this program can
effecttvely critiqued, there little 
beis doubt that its emplacement has createdan infrastructure 
within 


usefully pursued. 
which new solar technology developments can be
The BNL solar collector technology offers 
the potential of a
low-cost, high performance and light-weight collector which 
can be expected to
make a significant impact 
on the emerging Indian solar 


a industry. Beyond that,more subtle benefit of the polymer film solar technology is that itintroduce Indian industry to a higher technology in materials which it 
will 

dearlyneeds. It is expected that the new polymer filr solar collector will playimportant anpart in establishing solar as an important energy source both in
India and potentially in the U.S.
 

Other factors must also be understood to fully appreciate the degree ofprogress made in introducing and verifying the potential of this new low costsolar collector technology. It is not generally understood that mosttechnologies require relatively long periods to achieve 
new 

market maturity. Thisperiod is usually in 
 the range of 25 years or longer depending on various
market influences. The intable Figure I represents the incubation intervalsfor various popular technologies. This is in compliance with recentsponsored by the Gas Research 
a study

Institute in assessing the needed 
factors to
accelerate market maturity. In the context of these examples the BNL collectoris tracking quite well 
a plan for commercial introduction. 
 The role played by
USAID is catalytic both in the commercialization supported here and in thefoundation of acceptance provided in encouraging institutional collaboration. 

3. COMMERCIAL READINESS OF T1E BNL SOLAR COLLECTOR TECHNOLOGY
 

The BNL polymer film, ultra 
light solar collector has been 
in the process
of research and development 
at BNL for the last five years. Over this period,
a significant 
amount of experience has 
been gained on the use and performance
of new low cost materials for 
solar energy collection and 
their packaging. The
unique construction 
method developed produces lighter
a weight, higher
performance and costlower collector design. The experience has resultedthe identification of three generations of collector designs. The first
in 

generation, which becan designated as BNL-l, is the collector supplied to STECand tested at their 
facility in Dundahera, Hlaryana.
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Based on the results of the test at STEC and the fact 
thac the collector
 
has suffered no measurable degradation in the severe environment of Dundahera 
over a ten-month period (November 1984-to date), we believe that the BNL-1 
design represents a practical, realistic and commercially ready product

requiring a minimal amount 
 of additional production development before
 
introduction into the Indian environment. The collector can be manufactured 
with non-automated production and labor-intensive manufacturing techniques
suitable for Indian industrial conditions. Succeeding generations of the BNL 
concept will require additional development before commercial introduction can 
occur. The principal goal of research and development on the later generation 
technologies is to further reduce cost through the use of alternate polymer
materials 
 and improve system application versatility. This is to be
 
accomplished by the development of new materials specific 
to the design and the
 
creation of production techniques suitable for high volume manufacture.
 

First Generation Deaigu
 

All the BNL solar collectors utilize a unique, patented design referred to
 
as monocoque construction. This design 
allows the use of extremely light

weight materials in a prestressed configuration which results in a collector of
 
high strength relative to its light weight. The first general concept (BNL-1)

utilizes monocoque construction and polymer films for the glazing and 
back seal
 
and a conventional metal fin and tube absorber plate for the absorber-heat 
exchanger. This collector, which has been tested 
at STEC, is approximately one
 
fourth to one fifth the weight of the conventional collector made in India (12
kg as opposed to 50-60 kg). A preliminary analysis of costs shows that the 
materials costs, including imported componenLs, in the BNL-l design would 
be
 
about half of those commonly used in the conventional design, at Indian prices.
 

In terms of the commercial readiness of BNL-l, 
 it is envisaged that a 
small amount of additional materials testing would be required to test the 
thermal stability of Indiah manufactured polymer foam. This rigid foam 
functions both as insulating material and a structural compression member 
imparting rigidity co the collector when the films are under tension.
 
Furthermore, an approximately six month development effort will ho required for

the tooling of the collector frame and the jigping; needed for collector 
assembly including the desl-n of a special oven fcr t1C ther:i I shriiking of 
the polymer films onto the frame of the collector. liodI,:1 -.jade .clhesb,.es will
 
also require some tests 
for durability and thermal stability. However, unlike 
the insulating foam substrate, the
which would be Impractical to import,

adhesives can be imported in the first phase of manufactLure with,1t sini ficant 
addition to cost. 

Out of six components needed for collector assembly we envisage that four 
will be indigenous and two, the seiectively coated absorber plate and the
 
flourocarbon polymer film for glazing, would be imported in the initial phase
of manufacture. Progressive indigenization over a period of three to five 
years should result in a completely indigenous collector )f very high

performance and 
low cost in comparison to current technology. "'hi3 effort will
 
benefit greatly from the experience being gained 
at BNL in the later generation
 
designs.
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Succeeding Generatiou Designs 

R and D work at Brookhaven on successive generation 
designs is focused
both on 
thin material concepts for the heat exchanger as well ad on efforts to
replace the more expensive flourocarbon polymer films used 
in the glazing with
 
much less costly base polymers such as polyolefins which can, ir principle, be

chemically stabilized for high durability 
under solar exposure. Proof-of­
concept of thin foil, ultrasonically welded absorbers has already been demon­
strated at BNL and further refinements are underway. 
 Similarly, experiments on

chemical additives to very low cost polymers which can lead 
to films having

stability to ultraviolet 
exposure and high temperat-ures are also going on. The
 
experience gained from this R and 
D will be very useful in further commercial

improvements of the BNL design 
which could be transferred eventually to India.
 
Projection on 
materials cost and manufacturing techniques made at BNL 
reveal
that if the R and D efforts are continued and prove successful, the cost of
 
solar thermal energy could 
eventually be cheaper than equivalent useful 
thermal
 
energy derived from petroleum.
 

4. MARKET DEMAND FOR SOLAR TIIERMAL ENERGY IN INDIA
 

Current Demand 

The present 
market for solar thermal energy technologies in India is

almost 
completely restricted to solar hot water and, in a smaller number, hot

air systems. A few 
projects utilizing concentrating systems for producing

steam and/or thermally generated electric power have been carried out but these
 
are restricted 
to the R and D stage. Similarly, a few projects employing solar
 
space heating have also been done 
in remote, mountainous areas but these 
are
 
also at the R and D level.
 

Based on interviews with knowledgeable observers, including officials of

DNES/STEC, state "nodal" agencies 
responsible for implementing solar energy

projects in different states, and flat 
 plate collector/hot water systems

manufacturers, 
it has been roughly estimated that between 90%-95% 
of the hot
 water systems -ustalled or under installation 
have been funded by government

pr37rams. T:J* inrlucl de systems funded under Central Government programs by
DNLS 
and sv - nst. 1I ! u er State Government projects. The remaining
5%-10/ of ti, i:t[x lati.:s a-z in the private sector and are believed to be
 
mostly small, domestic systems (100 liters per day of hot 
water at 600 C).
 

The market f,)r solar hot water and hot air systems, in terms of economic 
subsectors, can be d ivi(dH:1 into the following categories: 

(i) Domestic hot water: typical system size and temperatures are
 
100 - 200 liters per day at 600C.
 

(ii) Institutional buildings: includes hotels, hospitals/health
 
centers, school 
 and college dormitories, rest houses, etc.
 
Typical systems size and 
temperatures range from 500 
- 1000 
liters/day to upwards of 30,000 liters/day, for large hotels, at 
600 C. 
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(iii) Comrcial establishments: laundries, canteens, restaurants,

etc. System size and temperatures are in the range of 500 ­
2000 liters/day at temperatures between 600C - 800C.
 

(iv) Industries: a 
fairly large range of industries offer a
 
potential market for both hot water and 
hot air systems. In
 
India these include textiles, chemicals, paints and products,
dairy, etc. for hot water systems and agroforestry based proces­
sing industries including etc.timber, tea, pepper, cardamom, 
for hot air systems. Systems installed have ranged up to the
 
largest installation of 75,000 liters/day (textile and dairy
 
industries) with temperatures in the range of 550 C to 850 C.
 

The most straightforward way to characterize 
current demand is in terms of
annual area of collector installed. Detailed data gathered from DNES and the 
s.tate nodal agencies on number of systems installed or under construction andthe collector area 
under both Central and State projects are shown in summary
 
form in Table 1.
 

This data set 
reveals that total collector area in the country already

installed or under installation in sanctioned projects comes to a total of
 
about 43,000. square meters 
of which 13,500 square meters (or about 30%) is in
 
the central Sector and the remainder in the State sector.
 

The most active state in the state agency program is seen to be U.P. with a total of 154 
systems installed or under construction and a collector area of
 
around 11,000 square 
meters. This is followed by by Gujarat with 102 systems

and 6500 m2 of collector area, and the Union 
Territory of Delhi with 49


2
projects and 3500 m of collector area. The Central Government programs are
 
more evenly distributed over the country. 
 The largest number of installations
 
under the Central program is in Madhya Pradesh with 
a few very large projects
 
in the dairy industry.
 

Table 2 shows the sectoral breakdown of solar projects in the Central 
Government program among domestic, 
institutional, commercial 
and industrial 
sectors. The majority of collector area installed (53%) is in the institu­
tior.:il sector (hotels, hospitals, schools and col.ege dormitories, etc.) and
 
De],' , prhaps understandably, has the greater share of these. Roughly 45% 
of
 
the collector area installed under the Central projects is in the industrial 
sector 
(mainly dairy and textile industries); Madhya Pradesh and Tamil Nadu
 
account for the largest area in this category. The commercial sector (mainly
canteens in office buildings) accounts for only 2% of collector area. A 
similar sectoral breakdo;,i of collector area installed 
under the state projects

is being carried out with data soon expected from India. This will be reported

in the succeeding phases of this study. 

Based on the fact that 
a large majority of 
the systems have been installed

in the ]-st two financial years (1983/84) and 1984/85), particularly in
 
1984/85, and considering the ratio of the number of systems installed to those
under construction it can be roughly estimated that, under the current incen­
tive schemes of government at both Central and State levels, the total annual 
demand for flat plate collectors is about 25,000 - 30,000 square meters of 

-7­



Table 1
 

Flat-Plate 
Collector Area Installed/Under Construction 

State Nodal Agency Programs
 

State 
 Systems Total Collector Area (m2 ) 

U.P. 
 154 
 11,396

A.P. 26 971 
Maharashtra 
 8 810
 
Punjab 
 33 
 2,145
 
Tamil Nadu 
 6 
 897
 
Delhi 
 49 
 3,512

Haryana 
 5 
 1,448
 
Bihar 
 3 
 310
 
Orissa 
 10 
 427
 
Gujarat 
 102 
 6,556
 

Subtotal 
 396 	 28,742
 

Central Government Program
 

All States 
 42 
 13,560
 
Railways 
 184 
 1,277
 

Total 
 622 
 43,318
 

Source: DNES
 

collector area. Adding to this the 10% of the total demand outsid2 the govern­
ment 	 sector, we obtain a rough figure of about 27,000 - 33,000 square meters ofcollector area theas current annual demand. This translates into about 15,000collectors 
per year of 2 square meter size, the 
average size of collector
 
currently manufactured in the country. 

Projected Demand 

In the urban/industrial environment, the demand for a new product such assolar hot water systems in India is primarily influenced by three factors: 

(i) 	Price of the system in comparison with the price and operating
cost of conventional alternatives (such as electric resistance 
water heaters/oil fired/coal fired systems).
 

(ii) Durability and reliability of the system 
 in comparison to 
conventional alternatives. 

(iii) Financial incentives available 
to spur consumer demand.
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Table 2 

Sectoral Breakdown of Solar Installations
 

Central Government Projects [installed area (m2 lof solar collector] 

State/U.T. Domestic 


Delhi 


Haryana 

Gujarat 


Karna taka 


Maharashtra 


Andhra 


U.P. 


M.P. 


Tamil Nadu 


Assam 


Rajasthan 


Orissa 


Punjab 


All States 


Source: DNES
 

Institutional 

2918 


475 


415 


340 


875 


1984 


40 


60 


48 


100
 

7137 


Commercial 


50 


135 


40 


32 


25 


Industrial Total
 

2968
 

345 345
 

220 695
 

136 136
 

315 730
 

416 891
 

422 1319
 

1850 3866
 

2300 2300
 

40
 

60
 

162 210
 

z16 13560
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The government has announced a fairly 
generous program of incentives and

subsidies for solar 
energy systems. 
 In the case of institutional, commercial
and industrial sectors, subsidies up to 75% 
are available for purchase of solar
hot water/hot air 
systems while for domestic system. subsidies up to 50% are
 
offered on the initial purchase price.
 

However, since many energy 
forms, including conventional energy forms such
 as electricity, coal and selected oil 
products (kerosene, diesel, LPG) are also

subsidised by government, the attractiven 
;s of the solar subsidy could be
somewhat reduced as 
 a factor in the user's decision. Durability and

reliability, along with 
information dissemination, appear to play 
a large role
in the user decision-making at 
least in the commercial and industrial sectors.
 

In the domestic sector, initial pric. 
is a major factor. Based on the
current 
systems being marketed, the price of a 100 liter 
per day system
delivering hot water at 600C is about Rs. 
8000/-. If one compares this with
the price and operating cost of an electric water 
heater (known as "geyser" in
India), of the same capacity, one obtains a payback period of roughly 
6 - 7 years (assuming no rise 
in the subsidized electricity prices) which does not
 seem sufficiently attractive 
 to an individual house owner give lack 
 of
information 
as well as problems of systems reliability and life. Besides, the

initial cost, even with 
a 50% subsidy, would place 
it out of the reach of
vast number 
of lower income people who re!ly on fuels such 

the
 
as fuel wood for
heating water. Lowering initial costs by P significant margin could thus openup a very large market especially if the 
systems are properly tested before
 

installation for durability and performance.
 

The projected 
demand for solar hot water/hot air systems be estimated
can 

on two factors:
 

(i) improvements 
in system cost and performance which can widen the
 
potential range of consumers, and
 

(ii) projections made by the government agencies in the course of
 
preparation of the 7th Five Year Plan. 

The govt'rnren t h 'ade provi sioi, "r a subsidy of Rs. oO crores forindustrial and ins L :. 'er . stems and Rs. 10 crores for dor,.estichot water systems during the course of the 7th Five-Year Plan. A further
expenditure of about Rs. 6 crores is also envisaged for cooling systems whichwould 
also add to the dc;and for solar collectors. If the current rates of
subsidy prevail, the 6overn-m:ent irLg-a::s themselves would imply a market of100,000 - 150,000 sq. meters of ccnlectors per year or about 50,000 - 75,000
collectors of equivalent 2 square reter 
size. However, lowering system cost 
by
a factor of 50% or so would open 
up a very large domestic market in urban areas

which are currently being served by electric water heaters. Industry data
reveal that perhaps 300,000 water 
lcaters for domestic residences are now sold
annually. If even 
10% of these are replaced by 
solar hot water systems, which,
given the unreliability of electric supply in many parts of 
the country, is not
 
an unredsonable estimate, It would add an extra 50,000 square meters to
collector sales, besides having significant impacts on the electric supply
system. (It is the judgement of the Delhi Electric Utility authorities, DESU,
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potential load levelling implications with significant impact on the peak

generation requirements).
 

A reduction in system cost by, 
say, 100%, could fu'ther open up the rural

market for hot 
water which in aggregate terms 
is much larger. This has been
stressed in a recent study by 
the Tata Energy Research Institute,* which shows
 
that only about 3% of the 
energy utilized for domestic hot 
water comes from
higher income urban areas 
using electricity. The remainder comes from 
lower

income urban and rural households, many of them using non-commercial fuels such
 
as wood, dung, residues, etc.
 

5. 
SURVEY OF SOLAR THERMAL INSTALLATIONS
 

As included in the Scope of Work, a summary of some 
of the users,

industrial and institutional, of 
solar hot water systems was carried out: during

the trip to India. A total of nine 
installations were visted; 
five were
institutional buildings, 
one was an office canteen and three were 
at industrial

establishments. All 
of these had hot water 
syitems installed under Central or
State government projects. 
 The institutional buildings included three
 
hospitals and two schools and of the 
 industries surveyed two were 
dairy

processing plants and one 
a texitile factory.
 

The project of the survey was 
to elicit relevant information in four broad
 
categories:
 

(i) System performance
 

(ii) Component, especially collector, durability
 

(iii) System cost
 

(iv) User acceptability
 

System Performance
 

S\sr.i performance is a compusite function of component performance and
rei -bil_ and system design. A high-performanze collector placed in a poorly

designed system 
can degrade system performance 
as much as a low-performance

collector. This is particularly 
the case for large hot-water systems typical
of Industrial installation. Such systems incorporate a complex array cf pumps,

pipes, valves, heat exchanges and temperature sensors in addition to 
ccllectors

and storage tanks. Improper design of 
 the water circuitry, sub-optional

selection 
 of pump sizes which can increase parasitic losses, faulty

connections, etc. 
can cause low system performance even 
if the solar collectors
 
are functioning weil. The ultimate measure system
of performance is the
delivery of hot water 
at the disign level quantity and temperature over the

operating period of the equiu:re 1Lt. 
 Based on this criterion, it was judged that
four out of the nine systems were 
performing reasonably satisfactorily, two had

experienced intermittent problems due 
to pump failures, two had experienced a
prolonged shutdown because of 
collector breakdown to leakage, and another had
problems external to the system due to 
the quality and reliability of the -nains
 

* "Solar Domestic Hot Water in India - Socio-Economic Constraints on System
Design," J. Painuly, A. Gadgil and T. Natrajan, Tata EnLrgy Research Institute,
 
New Delhi, 1984
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water supply. Seven of the nine systems 
had been installed only within the
 
last year and.a half. Only one had operated more than two years. Since these
 
systems have been installed as demonstration projects, most of them were

provided with flow and temperature gauges to permit evaluation 
of system

performance by the engineers of 
the funding agencies; DNES/STEC for Central
 
Govt. projects and the relevant state nodal agencies for State Govt. 
projects.

However, it was found that data was 
collected only intermittently by the users
 
and the monitoring was also 
somewhat random due to staff shortages in the
 
funding agencies. 
 This made the judgement of system performance mainly

subjective on the part of the 
users. However, this judgement has considerable
 
merit since user perceptions are likely to be key
a factor in promoting
 
acceptance of the technology.
 

Collector Durability
 

All collectors 
made in India employ the conventional metal tube and fin
 
absorber plate and glass cover as 
glazing assembled in a metal box with rubber

seals, screws, fasteners and adhesives. A variety of insulation materials are
 
commonly used fo77 the back insulation including glass wool, mineral foam anu
 
polyurethane foam. It is estimated that less than half 
of the collectors
 
manufactured employ selective 
coatings, the remainder use non-selective paints

which implies that the collectors are not designed for high thermal
 
performance.
 

Collector durability 
is a function both of the intrinsic quality of the
 
materials utilized as 
well as the design and construction practices employed in
 
assembling the materials 
into a finished product. Materials commonly used for

the absorber plate in India include mostly galvanized iron (G.I.) sheet and, to
 
a 
lesser extent, copper sheet although use of the latter is becoming more
 
common in recent years by 
the larger manufacturers. 
This choice is due largely
 
to materials cost, but G.I. sheet is subject to rapid 
corrosion as can be
 
observed with many of the Indian collectors. Since selective coatings (e.g.,

black chrome) are not manufactured currently in the country they have to be
 
imported. Thus the choice of non-selective paints and the associated lower
 
performance could again be ascribed 
to materials cost; however, the quality of
 
the paints available and the 
care which is exercised in application frequently

leave something to be desired. Hence, chipping or peeling 
, the paint or,
sometimes, outgassing can be observed 
 which negatively impact collector
 
performance and life.
 

The construction design used employs a large number 
 of screws and
 
fasteners and rubber gaskets bonded with adhesive 
to seal the collector frame.
 
Increase in the number of individual 
components as well as the complexity of
 
the design implies a corresponding increase in the possible failure 
rate.
 

These factors were all observed, to a lesser or greater extent, in a
 
visual inspection of the collector's during visits to the facilities. In some
 
cases, where a few of 
the collectors had not been properly conditioned prior to
 
installation, outgassing of the black paint 
had occurred leading to the
 
collector becoming non-functional. A frequent feature 
 was loss of seal
 
integrity due to peeling of the adhesive 
bonding the rubber gaskets to the
 
frame. Since many of the installations 
were quite new, the effects of
 
deterioration were 
still in an early stage; some of these could eventually have
 
serious impacts on collector performance.
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System Costs 

All the installations visited had been heavily subsidized out of central 
or State Govt. programs. Three of the installations, in fact, all of them 
being on educational institutions, had been installed at no capital cost to the 
users. The others received a 75% subsidy on the installed cost. At this rate 
of subsidy, the solar hot water system is less costly to the user than a 
conventional system even ignoring the fuel costs. Of course, it has to be 
recalled that these installations are, in a sense, demonstration projects for 
proving the performance of the technology.
 

The current prices of solar hot water systems sold in India are as 
follows:
 

(a) Domestic System: 
(100 liter/day at 600C) = Rs. 7000 - 8000
 

(b) Institutional/Industrial Systems
 
(Upwards of 500 liter/day at 60-85 0C)
 

- Rs. 5000 - 6000 on 100 lpd basis at 600C 

Rs. 7000 - 8500 on 100 lpd basis at 800C
 

These prices have been derived from our information review of tender 
offers made to state nodal agencies on their sponsored projects as well as 
interviews with some of the major manufacturers. 

Based on these prices, the economics of the current design of solar hot
 
water systems available in India can be analyzed in terms of the savings of 
conventional energy produced by the solar system. For small systems the con­
ventional alternative in India is an electrical resistance water heater, known 
as a "geyser." For large systems, the conventional alternative is an oil-fired
 
or coal-fired boiler. At the subsi.dized prices of electricity, roughly halU 
the economic cost of generation an distribution, a detailed economic calcula­
tion shows that the payback period at the unsulbsidized cost of the solar system 
would amount to roughly 8 to 10 years. At the unsubsidized (econ:-r~ic cost) 
prices of electricity, this would be roughly halved. 'o': ri. it the . ,al 
and oil-fired boilers at the prevailing (subsidized) coal and (unsubsidized) 
furnace oil prices respectively, shows payback periods of roughly 13 to 15 
years (for coal) and 7 to 8 years (for oil).
 

User Acceptability
 

For the four users interviewed with systems performing accvrding to
 
design, acceptability appeared to be quite high. Two of the users indicated 
that they would be willing to purchase the system without any subsidy. From 
their point of view, the conventional systems were more unreliable due to the 
frequent breakdowns in power supply and, in one case, the unreliability of coal 
deliveries. Thus, in a startling reversal of the situation normally perceived 
in the United States, solar had become for them a firm source of energy and 
electricity or coal a stochastic source. Users with the unreliable systems 
indicated that they would be unwilling to buy outright without further 
improvements.
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All 	 users, particularly the ones with unreliable systems, indicated an 
interest in the new technology based on the BNL model collector. The low
 
weight of the collector was particularly appealing to some because they had had
 
to put structural reinforcement on their roof to bear the load of the conven­
tional collector array.
 

6. COMPARISON OF BNL COLLECTOR AND LOCAL CONVENTIONAL COLLECTORS 

Data gathered during the test of the BNL collector conducted at the STEC 
facility in the course of the BNL-STEC collaborative project has been utilized 
to perform an initial comparison between the BNL collector and the collectors
 
locally manufactured in India. Since BNL collectors have not yet been 	 tested 
as part of a system in India, comparison has to be based on two parameters, one
 
related to collector thermal performance as measured by the collector effici­
ency 	and the 
other a projected measure of the likely cost of manufacture of the
 
BNL design as compared with the conventional design.
 

(a) 	Thermal 
efficiency comparison between the BNL collector and the
 
Indian manufactured collectors is based on data generated on 
both at the STEC facility in Haryana as well as efficiency 
curves on its products produced by one leading manufacturer in 
India. Data analysis shows that the AT/I intercept for the BNL 
collector is approximately 40 to 50 percent higher than the 
corresponding intercept for the Indian manufactured collectors. 
Thus the thermal performance of the BNL collector should be 
significantly higher in the operating range of the collector. 

(b) 	 A preliminary analysis of cost shows that the materials cost of 
the BNL collector would be roughly half that of the Indian 
collector. The major difference in cost arises from two cate­
gories: (i) The cover glazing in the BNL design is a polymer 
film while the conventional design uses low iron, tempered
glass. The latter is manufactured in India in relatively small 
quantities and is ex~cnsive. For a two square meter panel, the 
imported cost of t-c polyme r (whic,' has been exempted from 
Indian Customs dut:, used fcr solar application) material is 
lower than the co.t c, tc 7las. by a :.actor of about six. This 
contributes a significant fraction of the difference in total 
materials cost. iii) The remainder of the difference comes from
 
the basic BNL desigr which is sirpler and uses fewer components
 
than the conventional design.
 

The cost difference between the BNL design and the conventional collector
 
manufactured in India can be most conveniently analyzed 
in terms of the
 
materials cost of the main components. The contribution to ex-factory cost 
arising out of the manufacturing process in terms of labor, energy, etc., is 
difficult to capture in the absence of dczailed information from conventional 
collector manufacturers about their construction practices. We believe, how­
ever, that due to the inherently simpler nature of the BNL design and the fewer 
components it involves, the labor and energy costs of its manufacture would 
probably be less than that of the conventional collector. 

A rough estimate of th-! basic materials costs in Indian currency for the 
first and advanced generation of the BNL design and the conventional collector
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made 	in India is shown in Table 3. 
The 	cost comparison is made 
on the basis of
the available component prices for both 	 imported and domestic materials for abasic 2 square meter collector. It should be noted that the cost comparisonshould allow for consideration of the fact that the laboratory test of the BNLcollector has indicated a higher thermal efficiency than 	 similar laboratorytests performed on 
locally manufactured conventional collectors. This implies
that 	 for meeting a given load, fewer collectors of the 	 BNL design would berequired which would reduce overall system cost.
 

Table 3
 

Estimates of Collector Materials Cost*
 
(Rs.)
 

BNL DESIGN 
 CONVENTIONAL DESIGN
 
Generation 1 
Advanced Generation
 

Glazing 
 150 
 25 
 950
 

Absorber plate 
 700 
 250 
 700
 

Insulation 
 120 
 120 
 120
 

Frame 
 100 
 100 
 250
 

Back 	seal 
 50 
 25 
 .. 

Other** 
 50 
 50 
 100
 

Total 
 1150 
 470 
 2120 

"Based or 2 scqiare meter collector
 
:''".unt" ha. "are, adhesives, etc.
 

7. 	TENTATIVE COMHERCIALIZATION PLAN
 

Commercialization 
of the BNL collector has 
been 	envisaged as a two-step
 
process:
 

(i) 	 Transfer of the BNL technology from the 	 laboratory to the U.S.private sector through a company, Alkem Research and Technology,
Inc., in which one 
of the principals, William G. Wilhelm, is 
the

main 	developer of the collector concept and design.
 

(ii) 	 Agreement between Alkem and a qualified Indian company to
transfer the 
technology for collector manufacture in India.
 

-15­



The management 
of BNL has indicated its willingness and support 
for the
first step. Discussions on the possible modalities and time frame for thesecond step were held with a number of interested parties during the trip toIndia in August. Participation 
in two solar energy seminars, the first one
being the India-US Solar Symposium in Roorkee from Aug. 9-11, and the second aspecial seminar on plastic solar collectors organized by the Tata EnergyResearch Institute in New Delhi on Aug. 16 greatly facilitated the interaction
with knowledgeable and active elements within the solar industry in India. 
 The
second seminar, in particular, was extremely useful as 
five major manufacturers
 were represented. All of them were extremely intrigued and interested in thenew BNL technology. 
 Two of them wanted to 
purchase samples immediately. There
 was a general recognition in the seminar that 
 the budding solar thermal
industry in India could not 
continue to grow indefinitely on subsidies alone

but had to reach out for creative, low-cost solutions. 

The following tentative plan for commercialization emerged out of the 
discussions: 

(i) 
Alkem and the Indian party reach agreement on the modalities and
 
financial terms of the venture. One form is a joint venture
with Alkem holding a minority share, restricted to a maximum of 
40 percent by the 
Indian Foreign Exchange Regulation Act (FERA),
in the joint enterprise. An alternative is an agreement to 
transfer 
technology with payment of "know-how" fee and royalties
 
on the collectors 
sold. Alternative U.S. and Indian tax impli­
cations of the two modalities are currently being explored by
Alkem. This process 
 is likely to take another one or two
months. 
 It should be noted that know-how fees and royalties arepayable in either modality although the amounts likely to be 
approved by the Indian government would differ in 
the two cases.
 

(ii) After agreement is reached, the Indian partner has to submit an 
agreement for foreign collaboration to government 
for approval.

This process normally takes eight to twelve weeks depending on
the complexity of the case. DNES would be actively involved 
with the approval process, being 
 the "technica" agency of 
government concerned with the matter. 

(iii) Assuming approvals are granted, the manufacturing plan will be
initiated to develop a schedule for production. A tentative 
schedule for this process done 
by Alkem indicates a period of

-approximately six months from initiation of the manufacturing 
plan to start of production.
 

8. DISCUSSIONS WIT11 DNES/STEC
 

During the trip to India in August, a number of meetings were held withDNES and STEC. Discussions took place both on the output of the BNL-STECproject and the contours of its possible continuation as well as on thepossible 
outlines of the commercialization 
of the BNL collector in India.
During this period, two visits were also made to the STEC facility in Haryana,
make a visual inspection of the collectors broughtto 

there last November andto check on the functioning of the instrumentation supplied to STEC. 
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On the commercialization angle, DNES indicated its desire to have the BNL 
technology come to India. Infor.ially, they indicated that they would provide
their assent in the foreign collaboration approval process to speed up a 
transfer of technology agreement between potential U.S. and Indian partners. 
DNES also foresaw no problem in making available data generated during BNL-STEC
 
projects to interested individuals and organizations in India. They

re-expressed their interest in a wider systems* test of the collector, as part
of a continuing BNL-STEC collaborative activity, to which the BNL side agreed 
as 
it would generate additional valuable information for systems design.
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ANNEX 1
 

SOLAR PROJECTS INSTALLED
 

UNDER
 

CENTRAL GOVERNMENT PROGRAM
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SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

SOLAR WATER HEATING SYSTEMS 
 System
 

Temp. Collector
 

°C Area (m2 )
 

I. Qutab Hotel, New Delhi 
 60 217
 

2. Modern Bakeries, New Delhi 
 60 50
 

3. Indo-Australian Cattle Breeding Farm, Haryana 
 60 45
 

4. Haryana Brewaries, Murthal, Haryana 
 60 300
 

5. Jahangir Textile Mills, Ahmedabad (Gujarat) 
 80 175
 

6. Jupitar Textile Mills, Ahmedabad (Gujarat) 
 80 45
 

7. Silk Filature Factory, Kanakpur, Karnataka 60 100
 

8. Leprosy Hospital, Pune, Maharashtra 60 100
 

9. Leprosy Hospital, Pune, Maharashtra 
 80 15
 

10. BHEL Canteen Hyderabad, A.P. 
 60 135
 

11. A.P. Dairy Dev. Corporation, Warrangal (A.P.) 
 60 416
 

12. BHFL Guest House, Haridwar (U.P.) 60 100
 

13. B3IL> Factory, liridwor (U.P.) 60 1 

14. Cc....-I c'r-ics V "teCn, Sahibabad, U.P. 60 30 

15. Rashtriya Chemicals 
& Fertilisers 
 60 40
 
Bombay, Maharashtra
 

16. Rashtrivy Chewicals Fertilisers 80 60
 
Bombay, Maharashtra 

17. Tirumala TirupaLhIi Devasthanam, Tirupathi A.P. 
 60 100
 

18. Asiad Village, lNew Delhi 
 60 40
 

19. Janpath Hotel, New Delhi 60 689
 

20. Hamidia Hospital, Bhopal, M.P. 
 85 60
 

21. Hamidia Hospital, Bhopal, M.P. 
 85 30
 

-19­



SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 


22. 
 Arogya Mnadal Hospital, Charutara, Gujarat 


23. 	 U.P. Bhavan, New Delhi 


?4. 	 Lodhi Hotel, New Delhi 


25. 	 IIM, Ahmedabad, Gujarat 


26. 	 M.Y. Hospital, Indore, M.P. 


27. 	 Western India Textile Mills, Bombay, Maharashtra 


28. 	 State Guest House, Lucknow, U.P. 


29. 	 Gomti Hotel, Lucknow, U.P. 


30. 	 Eye Hospital, Sitapur, U.P. 


31. 	 Srinagar Tourist Rest House, Srinagar, U.P. 


32. 	 Tourist Bungalow, Varanasi, U.P. 


33. 	 Digambar Jain Karhana, Junagarh, Gujarat 


34. 	 United Malwa Mills, Indore, M.P. 


35. 	 K.N. Katju Hospital, Bhopal, M.P. 


36. 	 G.S.I.T.S., Indore, M.P. 


37. 	 Bhopal Dairy, Bhopal, M.P. 


38. 	 Bhopal Dairy, Bhopal, M.P. 


39. 	 Tamilnadu Cooperative.Textile Processing Unit,
 
Erode, T.N. 


40. 	 Madhavaram Dairy, T.N. 


41. 	 Ambur Milk Chilling Unit, T.N. 


42. 	 Villupuram Milk Chilling Unit, T.N. 
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System 

Temp. Collector 

°C Area (m2) 

60 120 

60 100 

60 1077 

60 120 

85 90 

85 175 

60 100 

60 100 

60 10 

60 60 

60 160 

60 40 

85 382 

85 42 

60 150 

60 464 

85 618 

70 1000 

60 300 

60 200 

60 200 



SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 


43. MPEB Hospital, Rampur, Jabalpur, M.P. 


44. J.P. Hospital, Bhopal, M.P. 


.45. J.P. Hospital, Bhopal, M.P. 


46. Astha Milk Chilling Centre, Astha, M.P. 


47. Burhanpur Dairy, Burhanpur, M.P. 


48. Khandwa Dairy, Khandwa, M.P. 


49. Distt. Hospital Sagar, M.P. 


50. Ujjain Hospital, Ujjain, M.P. 


51. Govt. Hospital, Raipur, M.P. 


52. 

53. 

54. Rishi Valley School, Chittor, A.P. 


55. KMVN Guest House, Champavat, Pithoragarh, U.P. 


56. "
 

57. KMVN Guest House, Champavat, Pithoragarh, U.P. 


58. Secretariate Canteen Lucknow, U.P.
 

59. Distt. Hospital, Rai-Bareilly, U.P.
 

60. Circuit House, Bareilly, U.P.
 

61. Distt. Hospital, Pilibhit, U.P.
 

62. Circuit House, Meerut, U.P.
 

63. Ladies Hospital, Bijnaur, U.P.
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System 

Temp. Collector 

0C Area (m2 ) 

85 64 

60 20 

85 42 

70 200 

85 62 

85 124 

85 56 

85 108 

85 28 

60 40 

60 60 

60 10 



SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 
cont.
 

SOLAR WATER HEATING SYSTEMS 


64. 	 Balrampur Hospital, Lucknow, U.P.
 

65. Distt. Hospital Lakhimpur Kheri, KHERI, U.P.
 

66 T.B. Hospital, Pilibhit, U.P. 


67. 	 Distt. Hospital, Muzaffarnagar, U.P. 


68. 	 Distt. HospiLal, Ghaziabad, U.P.
 

69. 	 Distt. Hospital, Rampur, U.P.
 

70. 	 Distt. Hospital, Bijnaur, U.P.
 

71. 	 Primary Health Centre, Hapur, U.P.
 

72. 	 Kukhartal Zila Parishad Inspection House,
 
Muzaffarnagar, U.P. 


73. 	 Dhankutti Rest Home, Haridwar, U.P. 


74. 	 Collectorate Guest House, Bulandshahar, U.P.
 

75. 	 P.W.D. Inspection House, Rai-Bareilly, U.P. 


76. 	 Irrigation Inspection House, Satipur, Unnao, U.P. 


77. 	 Irrigation Inspection House, Rai-Bareilly, U.P. 


78. 	 Farmers, Training Centre, Rai-Bareilly, U.P. 


79. 	 PVD Inspection House, Unnao, U.P. 


80. 	 Collectorate Guest House, Bareilly, U.P. 


81. 	 Inspection House Nawabganj, U.P.
 

82. 	 Inspection House Faridpur, U.P.
 

83. 	 PWD Inspection House, Meerut, U.P.
 

84. 	 PWD Inspection House, Meerut, U.P.
 

System
 

Temp. Collector
 

0C Area (m2)
 

60 4
 

to of
 

, 

" 

60 	 1.5
 

"
 

f t
 

" t
 

,
 

",
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SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 
 System
 

Temp. Collector
 

°C Area (m2 )
 

85. PWD Rest Home, Saharanpur, U.P. 
 60 1.5
 

86. Canal Rest House, Saharanpur, U.P.
 

87. Zila Parishad Rest House, Saharanpur, U.P.
 

88. PWD Inspection House, Saharanpur, U.P.
 

89. Irrigation Inspection House, Bulandshahar, U.P.
 

90. Municipal Board Guest House, Bulandshahar, U.P.
 

91. PWD Inspection House, Bijnaur, U.P.
 

92. PWD Inspectior House, Allahabad, U.P. 
 " ,,
 

93. PWD Inspection House, Allahabad, U.P. 
 ",
 

94. Inspection House (Tubewell), Etah, U.P.
 

95. PWD Inspection House, Jalaun, U.P.
 

96. GDA Guest House, Chaziabad, U.P.
 

97. Flood Relief House Urai, Jalaun, U.P.
 

98. 
 Primary Health Centre, Bilaspur, Rampur, U.P.
 

99. Police Line, Chaziabad, U.P. 
 ,
 

100. Public Health Centre, Shamli, U.P.
 

101. Distt. Jail Muzaffarnagar, U.P.
 

102. CRPF Guest House, Rampur, U.P.
 

103. Distt. Hospital, Mathura, U.P.
 

104. Circuit House, Varanasi, U.P.
 

105. Primary Health Centre, Mathura, U.P.
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SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 

106. 	Parvara Nagar Hospital, Parvaranagar, Maharashtra 


107. 	Bharat Electronics Ltd., Ghaziabad, U.P. 


108. 	Pathikashram Gandhi Nagar, Gujarat 

109. 	Circuit House Gandhi Nagar, Gujarat 


110. Circuit House Surat, Gujarat 


I11. Circuit House Rajkot, Gujarat 


112. 	Circuit House, Ahmedabad, Gujarat 


113. 	Circuit House Baroda, Gujarat 


114. 	Jain Temple Kumbharia, Gujarat 


115. 	Ranakpur Pali, Rajasthan 


116. 	Military Canteen of Air Force Missiles School,
 
Gopalpur on-sea Orissa 


117. 	Gujarat Bhavan, New Delhi 

118. 	lIT Canteen, New Delhi 


119. 	Milk Chilling Centre, Dhankanal, Orissa 


120. 	Erode Dairy, Erode, T.N. 


121. 	Dharmapuri, Milk Chilling Centre, Dharmapuri, T.N. 


122. 	Gurudwara Databandi Chhod, Gwalior, M.P. 


123. 


124. 	Hoshanagabad Hospital, M.P. 


125. 	E.S.I. Hospital Indore, M.P. 


126.
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System 

Temp. Collector 

°C Area (m2 ) 

60 300 

202 

30 

35 

40 

10 

15 

25 

40 

60 60 

60 48 

60 60 

60 30 

60-70 162 

70 400 

60 200 

85 24 

60 16 

60 36 

85 32 



SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 


127. E.S.I. Hospital, M.P. 


128. Distt. Hospital Bilaspur, M.P. 


129. Medical College Hospital, Jabalpur, M.P. 


130. Kamla Raja Hospital, Gwalior, M.P. 


131.
 

132.
 

133. Kasturba Gram Indore, M.P. 


134. 


135.
 

136. 


137.
 

138.
 

139. Distt. Hospital Mcorena, '.. 

140. Regional College of Education, Bhopal, M.P. 


141. ., 

142. 

143.
 

144. Distt. Hospital, Seoni, M.P. 


145. Distt. Hospital, Sehore, M.P. 


System 

Temp. Collector 

°C Area (m2) 

85 32 

56 

60 56 

85 32 

18 

#1 

60 38 

85 64 

60 72 

60 36 

60 30 
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SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 
cont.
 

SOLAR WATER HEATING SYSTEMS System 

Temp. 

°C 

Collector 

Area (m2 ) 

146. Beggar Home, Banda Bahadur Marg, Delhi 60 10 

147. 

148. " 

149. 

150. Hindustan Organic Chemicals Ltd., Rasayani, 
Bombay, Maharashtra 

151. BHEL, CED, Bangalore 

152. BHEL, Jagdishpur, U.P. 

153. Myor Textile Mills, Kanpur, U.P. 

154. Circuit House, Gauhati, Assam 

65 

°' 

of 

85 

60 

36 

36 

20 

150 

5 

155. Circuit House, Nowgang, Assam. " 

156. Circuit House Jorhat, Assam. 

157. Cifrcuit House, Golaghat, Assam. 

(. u t House, Haflong, Assam. 

159. Circuit House, Silchar, Assam. 

IP'. Tcurist Lodge Gauhati, Assam. 

161. Tourist Lodge Kaziranga, Assam. 

162. Sant Aamagam, Karolbagh, Delhi 

1:3. Orissa Bhavan, New Delhi 

164. T.T.D. Turupati, A.P. 

165. Shivalik Public School Punjab 

60 

80 

30 

63 

200 

100 
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SOLAR THERMAL DEMONSTRATION EXTENSION SYSTEM (INSTALLED)
 

cont.
 

SOLAR WATER HEATING SYSTEMS 


166. 	Govt. School for Blind Boys, Banda,
 
Bahadur Marg, Delhi 


167. 	Hindu Rao Hospital, Delhi 


168. 	 " 


169. 


170. 	Balak Ram Hospital Delhi 


171. 	Rajan Babu T.B. Hospital, Delhi 


172. 


173.
 

174. 	Janak Puri Thana, New Delhi 


175. 	Kota Guest House, New Delhi 


176. 


177. 	Medical College Hospital Gwalior, M.P. 


178.
 

179.
 

180. 	Central Jail, Indore M.P. 


181. 	Officer's Canteen BHEL, Bhopal 


182. 	Barwani Hospital, Barwani 


183. 	Lady Elgin Hospital, Jabalpur, M.P. 


184. 	GMVN, Guest House, Pauri, U.P. 


System 

Temp. Collector 

°C Area (m2 ) 

60 30 

60 21 

31.5 

10.5 

60 9.2 

80. 20 

60 10 

30 

19.6 

19.6 

80 30 

85 84 

85 32 

85 60 

85 30 

60 60 
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